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PREFACE TO THE THIRD EDITION.

e, —— ——

Tun art of warming and ventilating buildings in a
mmanner most conducive to health, convenience, and
cconomy, has been discussed during many years with
an earnestness which has increased with the increasing
interest of the public. The scientific Chemist, the
popular Lecturer, the Engineer, and we may hope in
some cases the Architect and the Builder, have not
failed to convince their readers and hearers how and
why 1t 1s that constant supplies of pure air are even
more necessary to health than the artificial warmth by
which the rigours of our uncertain elimate are mitigated.
More than one-half the diseases which afflict humanity
have been referred to the breathing of impure air, and
a large proportion of our ailments certainly originate in
our imperfect methods of warming.

Admitting, then, the importance of the subject, it
seems to be equally important to furnish the public with
accurate information thereon, in a cheap and popnlar
form. The art of warming and ventilating depends
on natural principles of great beauty and gencrality,
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which have been clearly made out by the scientific
chemistry of the last three-quarters of a century.
These principles are expounded at some length in the
following little work, now issued for the third time;
but as their application involves a description of other
men’s inventions, and a compilation from other men’s
books, I have made free use of the labours of writers
who have preceded me on the subject; but I am not
aware of having taken a single line from any one without
due acknowledgment, even though most of the books
referred to have little more than a historical interest.
Some vaiunable Parliamentary Reports, General Morin’s
recently published Etudes sur la Ventilation, and the
general progress that has been made in the subject
during the last ten years, have entailed considerable
labour on me in preparing this New Edition. The
object has been, not to produce a technical work, but
to explain to the general reader, whether lady or gentle-
man, the vast importance of the art of warming and
ventilating, and the principles on which the successful
practice of the art depends, whether in one’s own house,
or in a public building. I have also introduced a
number of historical details which are curious and
interesting, not only as marking the slow growth of
real improvement, and the difficulty men have in grasp-
ing a new idea if a change of habit is involved in its
acceptance, but also as illustrating some of the varied
phases of our common nature. It is hoped that these
arusing details will not make the book less interesting
to those who seek to become acquainted with the beau-
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tiful laws on which warming and ventilation depend;
the principle of the latter art being, in fact, identical
with that by which nature ventilates our globe—a hot
ascending current from the warm regions, while the
cooler air strecams in at a lower level from the temperate
regions,

Kma's CoLLEcE, LoNDON,
Telrvary, 1864,
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WARMING AND VENTILATION.

&
-

INTRODUCTION.

Q0N THE PHYSICAL AND CHEMICAL PRINCIPLES CONCERNED IN
THE ART OF WARMING AND VENTILATION.

AX inquiry into the constitution and uses of our atmosphere
in the economy of nature and art, is calculated to promote a
solemn feeling of admiration and gratitude. This wonderful
creation encloses within its capacious curves, like a vast dome,
the widely extended kingdoms of nature, to which it ministers
materials for growth, health, and enjoyment, and by its trans-
parency reveals to intelligent beings a glimpse of other crea-
tions beyond its limits. At one time, it stands in simple
grandeur as a vault of tender blue, displaying the glorious sun
and the landscape smiling beneath ; at another time, its sur-
face is chequered with fleeey clouds,—‘“ the beauteous sem-
blance of a flock at rest,"—or alpine heights of more than
silvery brightness, or huge piled-up masses, dark and frown-
ing ; all contributing to form wondrous variety and beauty in
the aerial scenery, and giving to the landscape below the ever
varying charms of light and shade. Again, the blue of this
splendid ceiling becomes deeper and deeper, and bright golden
points shine out here and there, increasing in number until
the whole surface appears as if richly studded with gems.

If these great and glorious sights were of rare occurrence,
or could only be witnessed from a few chosen spots on the
earth’s surface, they would stimulate our curiosity, and we
should eagerly hasten to those spots, or read the deseriptions
and gaze at the pictures which travellers and artists had

B



2 GENERAL VIEW OF

prepared for us. But their common occurrence causes them
to be viewed with indifference. There are also many hidden
wonders connected with the atmosphere equal in beauty to
those which appeal directly to the eye, but requiring study
for their due appreciation. The atmosphere is a scene of
incessant restless activity. The heat of the tropical sun upon
the earth sets the air in motion, rarefies and causes it to
ascend ; meanwhile the air from cooler regions rushes to-
wards the equator to supply the impending vacuum, and it
performs various useful offices on its way, Here it is the
trade wind or the monsoon ; there it is the sea or the land
breeze ; in a third place, it is the hill and valley breeze—all
giving health and refreshment to places which otherwise
might be uninhabitable. Meanwhile the heated ascending
air of the equator proceeds on its useful mission in the
direction of the poles, forming an upper current, descending
in some places and mitigating the cold of temperate regions,
as the under current tempers the heat of tropical climes.
The heat, too, which gives force and activity to these aerial
currents or vast natural ventilators, also raises the waters of
the ocean and charges the air with moisture ; this moisture
ascends and forms clouds, those busy and active water-car-
riers which traverse the unobstructed regions of the sky, and
pour down their treasures on the city and the plain, and on
the desert where no water is, filling the mountain cisterns,
whence gush out the springs and rivers; and these descend
in a meandering course, and diffuse beauty and blessing on
the lower lands long after the rain cloud has been dissolved.
It is the resistance of the atmosphere that causes the rain to
come down in gentle drops, and thus gradually to diffuse its
refreshing influence, instead of falling in torrents and cata-
racts, as it otherwise would, without the retarding and sepa-
rating influence of the air. It is the atmosphere which
dispenses the white fleecy flakes of snow to the temperate
regions, whereby the earth is covered and protected from the
chilling influence of a low temperature ; the air, too, is the
region of mists and fogs, which bring moisture in a still more
gradual manner ; a cold current of air blowing over a warmer
stratum of air, and cooling it, thereby rendering its moisture
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visible ; or, after sun-set, the river may be warmer than the
air, and the escaping vapour condenses into large rolling
masses. But we especially notice the beneficial effects of
differences of temperature between the air and the earth in
the formation of dew; the moisture which the heat of the
day had exhaled from the earth is deposited when a cloudless
sky allows the earth to radiate its heat into space, and to
cool down below the temperature of the air; the refreshing
moisture is then condensed upon vegetation and upon sur-
faces where it is most needed.

Not only are we able to trace in the atmosphere those
great and regular motions which bring about an interchange
between the air of the equator and that of either pole, but
there are other motions, apparently more fitful and irregular,
in the winds, which blow from all points of the compass,
and tend perpetually to restore the equilibrium of heat and
moisture.

How wonderful, too, is the action of the atmosphere on
light. By its means the sun’s rays are diffused, and their in-
fluence extended from the sunshine to the shade. Were it
not for the atmosphere, the sun would shine in an intensely
dark sky, and no object would be visible unless the solar rays
fell directly upon it. Sun-set would be a sudden transition
from light to darkness; and sun-rise a painful change from
intense darkness to intense light. But under the present
wise and providential arrangement, the transition from day
to night is calm and peaceful ; the sun departs in splendour,
like a monarch attended by a gorgeous court, leaving a mild
and subdued scene of beauty behind ; the soothing influences
of evening gradnally steal upon us, and new scenes of wonder
and beauty gradually become unfolded. After some hours of
peace and rest, the portals of the eastern sky slowly open,
and one rosy messenger after another ascends to announce
the advent of the king of day.

In addition to these complicated duties which the atmos-
phere has to perform, there are yet others still more wonder-
ful. A large number of the operations of nature are, as 1t
were, daguerreotyped in the air in such a manner, as to
convey to sentient and intelligent creatures information of

B 2



4 GENERAL VIEW OF

what ig going on. The murmuring of waters, the tinkling of
rills, the whispering of winds, the sound of the forest in the
blast, the rush of the cascade, the roar of the ocean, and the
roll of the thunder, are only certain motions among material
bodies, which impress their own peculiar characters on the
air, and form what are called sounds. Sounds are of so
numerous and, at the same time, of so distinetive a character,
that a large portion of every language is appropriated to
their precise description. Thus, to define a few of the sounds
emitted by certain animals, we speak of the lowing of cattle,
the bleating of sheep, the cawing of rooks, the cooing of
pigeons, the hissing of snakes, and many others. These
sounds, expressive of certain wants and motions, feelings and
sympathies, have, doubtless, an intelligent meaning among the
respective species of animals to which they apply ; but both
sound and its perception are alike dependent on the atmos-
phere. The phenomena of sound and of hearing, however,
obtain their most perfect and exalted development in articu-
late speech, by which intelligent and responsible creatures
are enabled to shape air into words, those swift and winged
messengers by which we express our wants and feelings, by
which we advise, instruct, or admonish others, share in their
joys, their sorrows, and affections. Inferior only to articulate
gpeech is the language of music, which, like the beauty
produced by form and colour, is an invention calculated to
promote the happiness of man.

The uses of the air in the arts of life are innumerable. It
is the cheapest and most effectual prime mover; we have
merely to supply the tools, the machinery, and the work to
be done, and it will labour with untiring activity. It walfts
our ships over every sea, turns our mills, raises water in
our pumps, accompanies the diver in the diving-bell, bears
up the balloon, feeds our furnaces: but here we come to a
distinct series of valuable offices performed by the atmos-
phere, if possible even more extensive and important than
those already referred to. The chemical history of the
atmosphere is even more wonderful than the physical,* and

% The physwal properties of the atmosphere are investigated in “ Rud;mm—
tary Pneumatic.”
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will now require, for the object of the present essay, a few
details.

The atmosphere is composed essentially of two gases, in a
state of mechanical mixture, named oxygen and nitrogen. In
its pure state, oxygen is chiefly remarkable for its energetic
properties in promoting combustion, combination, and various
other chemical changes. A taper, with a mere spark of fire
in"the wick, will, when plunged into oxygen, burst into flame,
and burn brilliantly ; iron wire, made red-hot at one extre-
mity, will burn away with the greatest ease in this gas. An
animal, in an atmosphere of pure oxygen, suffers from excess
of vital action ; its pulses throb with increased rapidity and
vigour ; the vital spark, as it were, bursts into flame, and
destroys the animal. Nitrogen (or, as it is sometimes called,
azole) 1s apparently as inert in its properties as oxygen is
active. It supports neither life nor combustion, and one of
its uses, if not its principal use, in the atmosphere, seems to
be to dilute the oxygen, and to subdue the wonderful energy
of this vigorous element to the endless number of useful pur-
poses which 1t has to perform in the economy of nature. The
proportions in which these two gaseous bodies are mingled
are very unequal ; every atom or particle of oxygen in the
atmosphere is accompanied by four atoms or particles of
nitrogen ; or, in other words, if we take a measure of any
capacity, divided into five equal parts, and decant into it four
parts of nitrogen and one part of oxygen, we get a mixture
which, as regards the rougher tests of respiration and com-
bustion, is identical with pure atmospheric air.

In the great chemical operations of nature which are
dependent on the atmosphere, oxygen passes through varvious
mutations, and enters into new combinations, which form the
basis of grand and wonderful contrivances. Some of the
most important of these operations depend on the process of
combustion, of which the following is a simple illustration :—
A piece of wax taper (F'ig. 1), fixed in the centre of a cork,
is lighted and floated on the surface of water in a shallow
dish ; if this be enclosed within a bell glass, the mouth of
which dips into the water and rests on the dish, the air of
the glass will be cut off from any communication with the
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external atmosphere. The flame of the taper will immedi-
ately diminish, and in a few seconds be extinguished. On
examining the air left in the glass, it will
be found incapable of supporting animal
life or combustion: four-fifths of the
original bulk of air is still nitrogen, and
this is apparently unchanged ; the remain-
ing fifth is no longer oxygen, but a com-
_ pound of oxygen with the earbon and
—=7-9 hydrogen of the flame—oxygen and car-
bon producing carbonie acid, and oxygen

Fig. 1. and hydrogen producing water, which, in
the form of vapour, condenses on the inner surface of the glass.

Now the product of combustion, called earbonic acid, is
incapable of supporting life and combustion, and thus re-
sembles nitrogen.  DBut there are important differences
between them—nitrogen is a little lighter than its own bulk
of atmospheric air; carbonic acid is considerably heavier ;
nitrogen is an elementary or simple substance—that is, one
which has never yet been resolved into two or more dissimilar
parts ; carbonic acid, on the contrary, is a compound capable
of being separated or decomposed into carbon or charcoal,
and oxygen, Moreover, pure nitrogen, shaken up in a bottle
with a little lime-water, produces no change on the lime-
water; carbonic acid renders it turbid, by combining with
the lime and rendering it insoluble; nitrogen is scarcely
absorbed by water, but water absorbs its own volume of car-
bonie acid ; nitrogen has no taste or emell, carbonic acid has
a sharp taste and an acid reaction. Hence, it will be seen
that these two bodies, which have the common property of
extinguishing life and preventing combustion, are marked by
characteristic differences.

Some idea may be formed of the enormous demands on
the oxygen of the atmosphere for supporting combustion,
from the fact, that a single iron furnace burns or consumes,
in the course of twenty-four hours, not less than three hundred
and ten tons weight of atmospherie air, or as much as would
be required for the respiration of two hundred thousand
human beings within the same period.
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Carbon, which forms the solid basis of most fuel, and in a
minutely divided state renders flame luminous, is a simple
substance, and exists in nature under a variety of forms. Its
purest form is the diamond, as i1s proved by the formation of
carbonic acid only, when it is burnt in pure oxygen. Char-
coal and coke are other well known forms of carbon, the one
obtained from wood and the other from coal. Coal 18 a
compound of carbon, hydrogen, nitrogen, and oxygen, with a
mineral and earthy residue. Wax, tallow, &ec., are com-
pounds of carbon, hydrogen, and oxygen.

Hydrogen, which is the source of all common flame, is the
lightest substance that has ever been weighed : it is more than
fourteen times lighter than its own Dbulk of atmospheric air
at the same temperature ; it supports neither life nor combus-
tion. A lighted taper plunged into it is extinguished, but the
hydrogen itself takes fire and burns at the mouth of the jar,
where it 18 In contact with the oxygen of the air, with which
it unites and forms water. One volume of oxygen combines
with two of hydrogen to form water; or by weight, one
grain of hydrogen unites with eight grains of oxygen, and as
the hydrogen 1s sixteen times lighter than its own bulk of
oxygen, it follows that one grain of hydrogen will occupy
twice the bulk of eight grains of oxygen. Pure hydrogen
burns with scarcely any light; in the flame of our Jamps,
candles, gas-lights, &c., the minutely-divided carbon, in rising
up through the flame, becomes white hot, and presents innu-
merable luminous points; at the exterior of the flame the
oxygen of the atmosphere seizes the minute atoms of carbon
as they escape, and, by combining with them, forms invisible
carbonic acid. A cold substance, such as a piece of glass or
metal, held over a flame for a moment will condense a por-
tion of the carbon in a minutely-divided state. If a lamp
have a deficient supply of air it will smoke ; that is, a portion
of the carbon of the flame will escape without combining with
the oxygen of the air. Lamp-black is formed by burning oil
in a close chamber, with a deficient supply of air.

Hydrogen unites with nitrogen to form ammonia, for which
purpose three volumes of hyvdrogen are required to one of
nitrogen. This substance is pungent and acrid, but when
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diluted with air is an agreeable stimulant. It is very soluble
in water, which at the temperature of 60°, takes up 727 times
its bulk of the gas. Ammonia is an alkali, and combines
readily with acids, producing an important class of ammo-
niacal salts.

Nitrogen and oxygen combine to form nitric acid, one part
of nitrogen uniting with five parts of oxygen, Not only are
these numbers different from those which represent the com-
position of the atmosphere, but the mode of combination is
different. The oxygen and nitrogen of the atmosphere are.
mixed mechanically, just as a portion of fine sand diffused
through water may be said to mix with it without combining.
In either case, the bodies preserve their own peculiar pro-
perties; or the properties of the compound form a mean
between those of its component elements. But in a chemical
combination between two bodies, a third body is formed,
the properties of which need not, and seldom do, resemble
those of the component elements. Thus sulphur and oxygen
combine chemically to produce sulphurous or sulphuric acid,
substances the properties of which are quite different from
those of the sulphur and oxygen which produce them ; the
sulphurous has also different properties from the sulphurie.
So with nitrie acid : this compound has none of the properties
of the constituents of the atmosphere, but a new set of pro-
perties peculiar to itself. This powerful acid may be formed
artificially in various ways, but only one need here be men-
tioned. By passing a succession of electric sparks through a
mixture of oxygen and nitrogen, this acid is formed ; so also,
during a thunder-storm, the lightning striking through vast
masses of atmospherie air, produces nitrie acid, which, combin-
ing with ammonia, also formed in the atmosphere, descends
with the rain upon the earth in the form of nitrate of ammonia.

Now the object for which these details have been brought
forward, is to enable the reader to take an enlarged view of
the process of combustion, for this, in fact, constitutes the chief
means by which nature accomplishes her annual cycle. An
accurate knowledge of the homely processes of warming and
ventilation depends upon a clear insight into the principles
of combustion, and it is only an oft-repeated truism, that our
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useful arts become more efficient in practice, more economieal,
and more conducive to our happiness, in proportion to our
knowledge of the principles upon which they depend. Now,
according to the common acceptation of the term, combustion
is the rapid union of a combustible with a supporter of com-
bustion, whereby new compounds are formed, heat and light
accompanying the formation. Thus a piece of iron wire or
of phosphorous ignited and plunged into a jar of oxygen gas
burns vividly, the metal falling in molten drops of oxide
amid showers of scintillations, and the phosphorus emitting a
flood of painfully vivid light. In this process, the oxygen
and the iron unite to form a third substance, oxide of iron;
the oxygen and the phosphorus also form a third substance,
phosphoric acid. If, however, the iron be exposed long
encugh to the atmosphere, the oxygen will combine with
it in precisely the same manner, and form oxide of ironm ;
months or even years may be required for the completion of
the process which in the jar of oxygen was accomplished in
a few seconds ; but the result is the same. The same
amount of heat is evolved by the combination of the oxygen
and the iron during the slow process of rusting, as in the
rapid process of burning. So also with the phosphorus. A
piece of this substance exposed to the air combines with the
same amount of oxygen, and evolves precisely as much heat
during the time that it slowly wastes away, and produces
the same weight of acid as it would do if burnt in a jar of
oxygen.

Now it must be evident, that if a process, rapidly brought
about in one case and slowly in another, produce the same
results, we do not add to our knowledge by associating dif-
ferent names and different trains of thought with the one as
compared with the other; on the contrary, we disembarrass
the subject by considering the processes asidentical. Whether
the combustion be rapid or slow, it is still combustion.
Undoubtedly there are cases where slow combustion is not
possible. A piece of coal and the oxygen nccessary to its
combustion may remain in contact for centuries without un-
dergoing any change; but the moment a spark of fire is
introduced, they begin to combine and soon disappear, with

B 3
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all the more obvious phenomena of combustion. In such a
case, all we can say is, that a high temperature is necessary
for the combination ; but this case does not disturb the view
we are endeavouring to impress upon the reader, that combus-
tion may be a very slow process as well as a very rapid one.

Let us take another case of combustion. If a portion of
the solid food of animals be placed in a red hot platinum
crucible, it will burn away ; its carbon will unite with oxygen
from the air and form carbonic acid ; its hydrogen will unite
with oxygen from the air and form water ; its nitrogen may
escape free, or it may unite with a portion of its hydrogen,
and form ammonia; and in this way all the gaseous volatile
products will be expelled from the crucible, leaving behind
only a small portion of ash, which consists of salts, some of
which are soluble in water and others insoluble in that fluid.

Now, in a chemical point of view, the living animal frame
is a real apparatus for combustion; it is a vital furnace, in
which the carbon snpplied by the fuel, which we call food, is
burnt, and, combining with oxygen, escapes by the lungs
and the skin into the atmosphere, under the form of carbonie
acid. In this apparatus also the hydrogen of food is burnt,
and uniting with oxygen, escapes as aqueous vapour; the
nitrogen of the air, as taken into the lungs, 1s again exhaled
by respiration, but the nitrogen and soluble mineral portions
of the food are rejected, the one in the form of uric acid and
urea, the other in the fluid form ; while the insoluble mineral
portions of the food are rejected in the solid form.

Now every portion of food which a person of mature age
takes into his system, is thus dispersed from day to day. In
infaney and youth a portion is retained to form materials for
growth; in old age, the individual loses more than he re-
ceives, and, consequently wastes slowly away. DBut, in each
case, the natural process is similar to the artificial one repre-
sented in the heated platinum ecrucible. We cannot, there-
fore, resist the evidence that the combustion of food, whether
in the animal or in the erucible, is one and the same process;
the only difference being, that in the crucible the heat is
intense and the process rapid; in the animal, the heat is
moderate and the process comparatively slow. That which
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is called animal heat (98° Fahr.), is in fact the heat of com.
bustion, and the object of the domestic processes of warming
and ventilation is to enable the animal to maintain this heat,
and to convey away the gaseous products of combustion as
fast as they are formed. The soluble and insoluble produets
of combustion are conveyed away by other natural means
above referred to; and it will be our duty hereafter to show,
that it is as unwise to neglect the means for clearing off our
gaseous excretions, as it would be insane and unnatural to
attempt to retain those of another kind.

Another proof of the identity of the two processes, is that
nature disposes of the products of combustion in precisely
the same manner, whether derived from ordinary combustion
or animal respiration. The vegetable kingdom is the grand
laboratory wherein these products of combustion are decom-
posed and elaborated into new combinations. Plants inhale
or absorb carbonic acid, decompose it, retain the carbon as
materials for growth, and return the oxygen to the atmos-
phere ; plants absorb water or aqueous wvapour, decom-
pose it, retain its hydrogen, and also return the oxygen
to the atmosphere; plants, it is imagined, sometimes take
nitrogen directly from the air; they certainly take it in-
directly from ammonia or its salts, including nitrates. Thus
it will be geen that the chemical funetion of plants is directly
the reverse of that of animals—the animal kingdom consti-
tuting an immense apparatus for combustion ; the vegetable
kingdom an equally grand apparatus for reduction, in which
reduced earbonic acid yields carbon, reduced water its hydro-
gen, and in which also reduced ammonia and nitric acid
yield their nitrogen, which is built up with the other elements
into more complex organic products. The organie matter
which constitutes the food of animals is destroyed by them,
and rendered for the most part inorganic; this, in its turn,
becomes the aliment of plants, the materials with which plants
claborate organic compounds, the atmosphere serving as the
means of communication between the two kingdoms. Organic
vegetable substances pass ready formed into herbivorous
animals, which destroy a portion of them, and appropriate
the remainder as materials for growth. Irom herbivorous
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animals these organic matters pass readv formed into the
carnivorous, who destroy or retain some of them, according
to their wants, The herbivorous animals are slaughtered
for the use of the carnivorous, and when these, in their turn,
cease to live, they decompose, and the atmosphere again takes
up, in various ways and by various processes, the materials
of which they were composed.

The great stimulus which gives motion to the wonderful
machinery of the vegetable world is solar light. Under its
influence, the carbonic acid yields its earbon, the water its
hydrogen, the ammonia its nitrogen. It is not for the pur-
pose of purifying the air that plants are especially necessary
to animals. Their great use is to furnish a never-failing
supply of organic matter, ready prepared for assimilation—
fuel, in short, which animals can burn for their own use. The
purification of the air by vegetation is a remote service ; the
other service is so immediate, that if it were to fail us during
a single year the earth would be depopnlated.* The mean
amount of carbonic acid in the atmosphere is scarcely one
volume in 2,000, which is a surprisingly emall quantity, when
we consider how numerous and productive are the sources of
this gas. Voleanoes, fires, animals, fermentation, and decay,
are constantly producing it, nor will the quantity given off by
a single individual appear insignificant, when it is stated that
an adult man requires, for the purposes of respiration, during
the twenty-four hours, about 12:66 oz., or 16-73 cubic feet
of oxygen, producing 28,912 cubic inches of carbonic acid.
As the volume of that gas is equal to 85 per cent. of the oxygen
inhaled, it has been inferred (allowing 15 per cent. for the
amount of oxygen fixed by hydrogen, &e.) that not less than
26°7 o0z., or more than 11 1b. of oxygen, are consumed daily
by every adult; and allowing 1'4 oz. of dry solid matter to
be thrown off by the intestinal canal, and 2-2 oz. of solids by

# The chemical relations between the three great kingdoms of nature are
stated at greater length in our “ Essay on the Application of Chemistry to
Agriculture,” appended to Professor Fownes’ “ Rudimentary Chemistry ;” but
the reader who desires to pursue the subject further, is referred to Liebig's
“ Chemistry in its Application to Agriculture,” Professor Johnstone’s
“ Elements of Agricultural Chemistry and Geology,” and also to a Lecture by
M. Dumas, on the “ Chemical Statistics of Organised Beings.” G
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the urine, the whole of the remaining portion of the food
(exclusive of about 4% Ibs. of water eliminated by the kid-
neys and the skin) must pass off in the gaseous form by the
lungs.* These numbers vary with different individuals,
and also in the same individual at different periods of the
day; but limiting our attention for a moment to the car-
bonic acid, it is found that the more vigorous the circulation
the greater is the amount of that gas exhaled : the greater
too is the proportion in winter than in summer ; after a meal
than when fasting (varying too with the nature of the food) ;
more of this gas is exhaled when awake than when asleep,
in the proportion of 4 to 3 for the same number of hours;
more carbonic acid is exhaled by children than by adults,
in consequence of the greater activity of the vital func-
tions ; more by male adults than by females, unless of the
same stature, and then the proportions given off by the two
sexes are about equal. In fact, the amount of carbon ex-
haled in the form of carbonie acid from the lungs and gkin
of an adult man in the twenty-four hourg, amounts to about
8% oz. ; of which quantity the surface of the skin contributes
only one-third of an ounce. In cold blooded animals the
respiration through the skin is more extensive. Hybenating
animals, such as the marmot, do not consume more than one-
thirtieth of the oxygen that they require in the active state.
In the adult male about eighteen or twenty respirations are
made per minute. The volume of air at each respiration may
be taken at about 30 cubic inches, and this with twenty respi-
rations per minute would require not less than 500 cubic feet of
air to pass through the lungs in twenty-four hours. In this pro-
cess the blood is exposed to the action of the atmospheric air,
during which exposure it undergoes certain changes. * The
blood from the right side of the heart, when it enters the lungs,
is of a dark red colour; it is then dispersed in a state of most
minute subdivision through the ultimate vessels of the lungs,
and in these vessels is brought into contact with the atmos-
pherie air, when it becomes of a bright red colour. In other
words, the blood changes in the lungs its venous appearance
and assumes the character of arteriul blood. The blood thus

* Miller, “ Elementis of Chemistry,” Part I1I,
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arterialised, returns to the left side of the heart, from whence
it is propelled through the arteries of the body. In the
minute terminations of the arteries, the blood again loses its
florid hue, and, reassuming its dark red colour, is returned
- through the veins to the right side of the heart, to be exposed,
as before, to the influence of the atmospheric air, and to
undergo the same succession of changes.”— Prouf.

On examining the respired air, it is found that a portion of
its oxygen has disappeared, and a similar bullk of carbonic
acid has been substituted. While oxygen gas is passing
inwards through the membrane of the lungs, carbonie acid is
at the same time passing outwards through the same mem-
brane. In fact, the oxygen of the air is absorbed by the
blood, and in some unknown state of combination reaches
the extreme snbdivision of the arteries, where it is united
with a portion of earbon, and forms carbonic acid gas, which
gas also, in some unknown state of combination, is retained
in the venous blood, till in the lungs it is expelled, and
oxygen is absorbed in its stead. Along with the carbonic
acid, a quantity of aqueous vapour is separated from the
blood, amounting to about 1 lb. from the lungs, and 1% Ib.
from the skin, in the twenty-four hours.

One great object of this process is the produetion and
maintenance of animal heat. There is a gradual combustion
of the carbon and of the hydrogen supplied by the food
through the medium of the respired oxygen, as already stated.
Now the carbonic acid which is the result of this process
probably owes its noxious action rather to the mechanical
obstruction that it offers to the escape of gas already in the
blood than to any directly poisonous action. It acts, how-
ever, in destroying life if in sufficient quantity. Moreover
the water given off by the lungs is not pure water, such
as is liberated in the process of distillation or evaporation,
but is contaminated with the most offensive animal effluvia.
M. Leblane states, that the odour of the air at the top
of the ventilator of a crowded room is of so noxious a
character that it is dangerous to be exposed to itseven
for a short time, If this air be passed through pure
water, the water soon exhibits all the phenomena of putre-
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factive fermentation. The water of respiration, thus loaded
with animal impurities, condenses in the inner walls of build-
ings, and trickles down in foetid streams. In the close and
confined dwellings of the poor, this vapour condenses on the
walls, the ceiling, and the furniture, and gives that perma-
nently loathsome odour which must be familiar to all who
take sufficient interest in the poor of large towns ever to enter
their dwellings. Take up a chair, and it is clammy to the
touch, and the hand retains the ill odour; and, if the poor
people are remonstrated with, on the ground of want of
cleanliness, they say that the supply of water is scanty, and
what little they have must be dragged up-stairs from the yard
or cellar below. The low state of health induced by such
abodes produces a chilly sensation, even in summer, which
renders the occupants averse to open windows, and in many
cases, in consequence of the erowded state of the district,
and the feetid odours emitted from the sewer traps in the
streets, an open window is a questionable remedy for bad
ventilation.

We sce, then, that there are many causes which render
respired air injurious, if allowed to enter the lungs a second
time. In proportion as the air of a confined space becomes
-vitiated by respiration, the quantity of carbonic acid increases,
and as chemistry furnishes the means of determining this
increase, while the other noxious products of respiration
escape exact analysis, the amount of carbonic acid may be
talen as the exponent of the degree of vitiation of the con-
fined air. This method was adopted a few years ago, by M.
Félix Leblane, in an extensive series of experiments.®

The remedy for these injurious effects is efficient ventila-
tion. In each act of respiration about 30 cubic inches, or
ith of the quantity of air in the lungs is changed. The air
that has passed through the lungs does not lose all its
oxygen ; it usually contains not more than about 4 per cent.
of carbonic acid; but this expired air, by mingling as it
escapes with several times as much, vitiates at least two cubie

* See Memoir read to the Academy of Sciences at Paris, 6th June, 1842
and inserted in the Annales de Chimie et de Physique. Third Series, vol. v.
p. 223.
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feet of air. Now the removal of this impure air, and the bring-
ing in of a constant fresh supply, have been provided for by
nature in the most perfect manner, and it is by our ill-con-
trived artificial arrangements that the provision is defeated.
The vitiated air, as it leaves the chest, is heated to very
near the temperature of the body, viz., 98° and being ex-
panded by the heat, is specifically lighter than the sur-
rounding air at an ordinary temperature; it therefore ascends
and escapes to a higher level, by the colder air pushing it up,
as it does a balloon. The place of this heated air is con-
stantly supplied by the colder and denser air closing in on
all sides. In the open air the process is perfect, because
there is nothing to prevent the escape of the vitiated air;
but in a close apartment, the hot air rising up to the ceiling,
is prevented from escaping ; and gradually accumulating and
becoming cooler, it descends and mingles with the fresh air,
which occupies the lower level. We thus have to inhale an
atmosphere which every moment becomes more and more
impure and unfit for respiration ; and the impurities become
inereased much more rapidly by night when lamps and candles
or gas are burning, for flame is a rapid consumer of oxygen.
Under these circumstances our only chance of escape from
suffocation is in the defective ‘workmanship of the house-
carpenter; the crevices in the window frames and doors
allow the foul air a partial exit, as may be proved by holding
the flame of a candle near the top of a closed door, in a hot
room; it will be scen that the flame is powerfully drawn
towards the door in the direction of the outgoing current;
and on holding the flame near the bottom of the door, it will
be blown away from the door,showing the direction of the
entering current. If we stop up these crevices, by putting list
round the windows and doors, so as to make them fit accurately,
we only increase the evil. The first effect is that the fire will
not draw for want of sufficient dranght ; if the inmates can put
up with a dull fire and asmoky atmosphere, they soon become
restless and uncomfortable—young people get fretful and
peevish, their elders irritable, respiration becomes impeded, a
tight band appears to be drawn round the forehead which some
invisible hand seems to be drawing tighter and tighter every
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moment ; the eyeballs ache and throb, a sense of languor
succeeds to fits of restless impatience, yawning becomes
general, for yawning is nothing more than an effort of nature
to get more air into the lungs; under these circumstances
the announcement of tea is a welcome sound, the opening
and shutting of the door necessary to its preparation give a
vent to the foul air, the stimulus of the meal mitigates the
suffering for a time, but before the hour of rest, the same
causes of discomfort have been again in active operation, and
the family party retives for the night indisposed and out of
humour.

But in the bedroom, the inmates are not free from the
malignant influence. The closed doors, the curtained bed,
and the well-guarded windows, are sentinels which jeal-
ously warn off the approach of fresh air. The unconscious
sleepers at each respiration vitiate a portion of air which, in
obedience to the law of nature rises to the ceiling, and would
escape, if the means of escape were provided ; but, in the
absence of this, it soon shakes off those aerial wings, which
would have carried it away, and becoming cooler and denser,
it descends, and again enters the lungs of the sleepers, who
unconscionsly inhale the poison. When the room has become
surcharged with foul air, so that a portion must escape, then,
and not till then, does it begin to pass off up the chimney.
Hence many persons very properly object to sleep in a room
which is unprovided with a chimney ; but it is evident that
such a ventilator is situated too low down to be of much
service. If there be no chimney in the room, a portion of
the foul air eseapes by forecing its way out of some of the
cracks and crevices which serve to admit the fresh air.

That this sketch is not overdrawn, must be evident to any
one who, after an early morning’s walk, may have returned
directly from the fresh morning air into the bedroom which
he had left closely shut up an hour before. What is more
disgusting than the odour of a bedroom in the morning ?
Why is it that so many persons get up without feeling
refreshment from their sleep ? Why do so many persons pass
sleepless nights? The answer to these and many other
similar questions may be frequently found in defective ven-
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tilation.* How much disease and misery arises from this
cause it would be difficult to state with any approach to
accuracy, because the causes of misery are very complicated.
Among the poor, the want of sufficient nourishment, neglect
of temperance and cleanliness, and excessive labour, all act
with aggravating effect upon want of ventilation and drain.
age. Among the middle classes, mental anxiety, overtasked
powers, insufficient out-door exercise, are also aggravating
causes ; but there is a similar want of attention to ventilation
and drainage. The rich suffer least, because they pass much
of their time in the pure air of the country, and, are
relieved from a good deal of anxiety, by being independent
in circumstances; their rooms are also larger and less crowded
than those of the other classes; but still there is a neglect of
. ventilation, and they often breathe a poisonous atmosphere
for hours together in the crowded and heated ball-room, the

* An attempt has been recently made to show that very much less air, or
air of less purity, is required during the sleeping than the waking hours. M.
Delbruek, in a communication to the Academie des Seiences, at Paris, which
has been made the subject of an article in the Cornhili Magazine for March,
1863, supports this idea, by referring to the behaviour of the lower animals,
The dog retires to sleep in his kennel or corner, and, eurling himself up,
Duries his head beneath his paws or his body; birds bury their head under
their wing, with their beak in soft down ; hybernating animals are always
sheltered from the air; the schoolboy buries his head under the clothes; non-
scientific persons surround themselves with bed-curtains; soldiers camping
out cover their heads to sleep, and railway travellers c¢lose the carriage
windows. In all such cases it is contended that science teaches one thing,
instinet another, and that instinet is right. It is urged that as plants hly
night absorb the oxygzen they exhale during the day, so, by analogy, animals
at night absorb some of the carbonic acid they exhale during the day. In
answer to this it is stated that only the woody parts of plants absorb oxygen
by night, but they do so also by day, and that in excessively small quantities.
The green parts of plants absorb carbonic acid by day, and when the stimulus
of sunlight is removed they are inactive. Animals, on the contrary, are not
like plants, seeing that the blood never absorbs carbonic acid from the
atmosphere,

All that can be said in favour of M. Delbruck’s theory is that less oxygen is
required during sleep, because the vital functions are then all depressed, and
consequently less animal heat is generated. The sleeper should be covered, so
as to keep up the animal heat ; if the body be exposed to cold, it will not only
prevent or destroy sleep, but may lead to more serious consequences. Hence
the open window at night, or other means of ventilation, may interfere with
the necessary warmth and prevent sleep; but this is not very likely if the
bed-clothes are in sufficient quantity. ]?aften find it impossible to sleep on
account of the closeness of the room ; but on lowering the top window sash
an inch, or setting the door a little on the jar, the air of the room has been
improved, and refreshing sleep the consequence.
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theatre, the fashionable assembly, and even in church ; so that
fainting, headache, and sickness are the not uncommon results.

A poisonous atmosphere! The expression will not be
found too strong when we examine the ingredients of the
air of an unventilated room. The products of combustion,
whether they be those of the respiration of human beings,
or the burning of artificial lights, consist of—1, carbonic
acid ; 2, nitrogen ; 3, vapour of water, mingled with various
animal products of a very offensive nature. Gas also often
contains a minute portion of sulphuretted hydrogen which
escapes or burns into sulphur compounds, and a minute
portion of the gas itself (carburetted hydrogen) also escapes
unburnt,

Carbonic acid gas acts as a poison. If we attempt to
inhale it by putting the face over the edge of a beer vat, the
nostrils and throat are irritated so strongly, that the glottis
closes, and inspiration becomes impossible. In its pure state,
then, it is impossible to breathe earbonie aeid gas; but when
this gas is largely diluted with air, it can be breathed, and
the symptoms resemble those of apoplexy. Professor Chris-
tison quotes a case related by M. Chomel of Paris, of a
labourer, who was suddenly let down to the bottom of a well
containing carbonic acid diluted with air, where he remained
three-quarters of an hour. On being drawn up, he was first
affected with violent and irregular convulsions of the whole
body, accompanied by perfect insensibility ; fits of spasm,
like tetanus, then came on. During the second day, these
symptoms went off, and he continued afterwards to be
affected with numbness. It is especially to be noted, that
contrary to general popular belief, these effects may be pro-
duced in situations where the air is not sufficiently impure to
extingunish the flame of a candle; nor does the lurking danger
display itself to the sense of taste or of smell.

The danger of using charcoal as a fuel will be noticed
further on ; but we may here remark, that the proportion of
carbonic acid necessary to produce a poisonous atmosphere is
very small; so much so, that in attempts at suicide by burn-
ing charcoal in an open room, the people who have entered
the apartment have found the air quite respirable, and the
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choffer burning, although the person they sought was in a
state of deep coma, from having been long exposed to the
noxious influence.

Now as no person would consent habitually to swallow a
small portion of liquid poison, knowing it to be such, though
diluted with a very large portion of pure water, so it is equally
unwise to consent habitually to inhale a small portion of
gaseous poison, knowing it to be such, though diluted with a
very large portion of pure air; and yet this is what the
majority of persons actually do who occupy apartments un-
provided with proper ventilating apparatus.

Nitrogen gas, which constitutes four-fifths of our atmos-
phere, will not support respiration or combustion, simply from
the absence of oxygen. An animal plunged into an atmos-
phere of nitrogen would die, because this gas is incapable of
oxygenising the blood. A flame is extinguished in this gas,
because there is no affinity between it and the incandescent
hydrogen and carbon.

The vapour given off by the lungs and the skin is charged
with offensive animal effluvia, which greatly promote the con-
tamination of the air of a crowded apartment. Dr. Faraday
expressed his opinion to a parliamentary committee in 1835,
on the subject of wentilation, that—* Air feels unpleasant in
the breathing cavities, including the mouth and nostrils, not
merely from the absence of oxygen, the presence of carbonic
acid, or the elevation of temperature, but from other causes,
depending on matters which are communicated to it by the
human being. I think that an individual may find a decided
difference in his feelings when making part of a large company,
from what he does when one of a small number of persons, and
yet the thermometer give the same indication. When I am
one of a large number of persons, I feel an oppressive sensa-
tion of closeness, notwithstanding the temperature may be
about 60° or 65°, which I do not feel in a small company at
the same temperature, and which I cannot refer altogether to
the absorption of oxygen, or the evolution of carbonic acid,
and probably depends upon the effluvia from the many pre-
sent; but with me it is much diminished by a lowering of
the temperature, and the sensations become much more like
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those occurring in a small company. The object of a good
system of ventilation is to remove the effects of such air.”

The effects of air, vitiated by animal effluvia, is evident in
the diseases of the lower animals when crowded together in
confined places. The glanders of horses, the pip of fowls,
and a peculiar disease in sheep, all arise from this cause; and
it is stated that, for some years past, the English nation has
been saved many thousand pounds a year from the diminished
mortality of horses, in consequence of the army veterinary
surgeons adopting a simple plan for the ventilation of the
cavalry stables.

Our systems of artificial illumination have even a greater
deteriorating effect upon the air of an apartment than the
respiration of human beings. The leakage of a gas-pipe, or
the imperfect combustion of the gas itself, in an apartment,
would cause the inmates to inhale a portion of the gas. Sir
Humphry Davy found, that when he breathed a mixture of
two parts air and three of carburetted hydrogen, he was
attacked with giddiness, headache, and transient weakness of
the limbs; but common gas is often contaminated with sul-
phuretted hydrogen, as the blackening of the white painted
wainscoting of rooms proves, in spite of the purifyiny pro-
cesses adopted at the gas-works. This gas is one of the
most deleterious of all the aerial poisons. It has been
found by experiment, that air, impregnated with a 1,500th
part of the gas, kills a bird in a short space of time; and
that with about twice that proportion, or an 800th, it will
soon kill a dog. This gas is emitted by cesspools and
sewers, and has been a frequent cause of death when
breathed in a state of concentration. Dr. Hallé says, “the in-
dividual becomes suddenly weak and insensible, falls down,
and either expires immediately, or if he is fortunate enough
to be quickly extricated, he may revive in no long time, the
belly remaining tense and full for an hour or upwards, and
recovery being preceded by vomiting and hawking of bloody
froth,” When the noxious emanations are less concentrated,
the symptoms are still very alarming ; and in the dilute form,
as in the emanations from the gully holes of the sewers of
London, persons inhaling them have often been attacked with
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sickness, colie, imperfectly defined paius in the chest, and
lethargy.

The emanations arising from the imperfect or slow com-
bustion of oil and tallow are most injurious to health. The
vapour of a smoky lamp, if disengaged in small guantities,
excites intense headache. The fumes of the burning snuff
of a candle are probably of the same nature, and are very
poisonous, and every one must have remarked their pene-
trating nature; they fill the room the moment a candle is blown
out, and their disgusting odour pervades the whole house in a
very short time. Dr. Christison quotes a case in which they
proved fatal : a party of ironsmiths, who were carousing on
a festival day at Leipzig, amused themselves with plaguing
a boy, who was asleep in a corner of the room, by holding
under his nose the smoke of a candle just extinguished; at
first he was roused a little each time, but when the amuse-
ment had been continued for half an hour, he began to
breathe laboriously, was then attacked with incessant epileptie
convulsions, and died on the third day.

In addition to all these contaminating agents, carbonic
acid, nitrogen, animal effluvia, carbide and eulphide of
hydrogen, &e., to which the air of an unventilated apartment
is liable, there is yet another cause of injury to health in the
disturbed electrical condition of vitiated air. This is a subject
on which science has hitherto thrown but little light. Al
that we can do is to record the fact, that pure air, such as is
fit for respiration, is positively electric, while the air which
has become impure, and consequently unfit for respiration, is
negatively electrie.

The effects of breathing an impure air have frequently
been insisted upon by medical and other writers. In the
evidence taken before the committee of the House of Com-
mons, on the health of towns, in the year 1840, the medical
witnesses stated, that scrofulous diseases were a common
result of bad ventilation,* and that, in the case of silk weavers,

# Mr. Carmichael, in his * Eszay on the Nature of Scrofula,” accounts for
the extreme prevalence of the disease in the Dublin House of Industry, at the
time he wrote (1810), by mentioning that in one ward of moderate” height,
60 feet by 18, there were 38 beds, each containing #hree children, or more than
100 in all. The matron remarked, that there is no enduring the air of this
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who pass their lives in a more close and confined air than
almost any other class of persons, their children are peculiarly
subject to scrofula, andsoftening of the bones. Dr. Arnott stated,
that an individual, the offspring of persons successively living
in bad air, will have a constitution decidedly different from
that of a man who is born of a race that has inhabited the
country for a long time; that the race would, to a certain extent,
continue degenerating. Defective ventilation deadens both
the mental and bodily energies, it leaves its mark upon the
person, so that we can distinguish the inhabitants of a town
from those of the country. 'T'his witness, in alluding to the
want of knowledge among all classes on the subject of venti-
lation, states that he had heard at the Zoological Gardens of
a class of animals where fifty out of sixty were killed in a
month, from putting them into a house which had no opening
in it but a few inches in the floor. * It was like putting
them under an extinguisher ; and this was supposed to be
done upon scientific prineiples.”

Some of the details in this Report refer to diseases con-
sequent on the habitual breathing of air vitiated by a number
of human beings, crowded together in a badly drained and ill-
ventilated part of London; they are so frightful, that it is
impossible to quote them here. No doubt these details refer
to extreme cases among the poor and destitute ; but no one
will contend that the science and legislation of the day shounld
be exerted only for those who have influence to command, or
means to purchase their aid. Every one who has knowledge
or wealth at his disposal, is bound to exert it as much for the
benefit of his ignorant and poorer brethren as for his own
pleasure and profit. There is not only a moral law requiring
us to do so, but there is also a natural law, and both have
this distinguishing proof of their divine origin; they are
gelf acting ; they confer the reward of obedience, and inflict
the pennlty of transgression, with a precision and certainty

apartment when the doors are first thrown open in the morning; and that it
is in vain to raise any of the windows, as those children who happened to be
inconvenienced by the cold, close them as soon as they have an opportunity.
The air they breathe in tlu. day is little better ; many are confined to the
apartments they sleep in, or erowded to the number of several hundred in the
school-room.
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which find no parallel in mere human laws and institutions.
The fevers and contagious diseases, arising from our neglect
of the poor, find their way into our own dwellings; the
miasma of our courts and alleys enters our lungs, and casts
us on a bed of sickness. If, through the mercy of God, we
are permitted to rise again, ought we not to practise the
lesson which the penalty has been seeking to convey to us ?

But not only are our dwelling-houses badly ventilated, but
those buildings on which the architect has lavished all his
art and gkill are often entirely destitute of special means for
ventilation, and are so constructed as to render the appli-
cation of such means extremely difficult, or even impossible.
Such a contrivance seldom enters the mind of the architect.
A building ecapable of holding from 800 to 1000 persons,
whether it be a church, a lecture room, an assembly room,
or a concert room, is, in consequence of this neglect, the too
frequent scene of much painful suffering. When such a
room is crowded, and the meeting lasts for some hours,
especially in winter, the consequences are sufficiently marked ;
¢ either such a multitude must be subjected to all the evils
of a contaminated and unwholesome atmosphere, or they
must be partially relieved by opening the windows, and
allowing a continued stream of cold air to pour down upon
the heated bodies of those who are near them, till the latter
are thoroughly chilled, and, perhaps, fatal illness 1s induced ;
and unfortunately, even at such a price, the relief is only
partial, for the windows being all on one side of the room,
and not extending much above half way to the ceiling, com-
plete ventilation is impracticable. This neglect is glaringly
the result of ignorance, and could never have happened,
had either the architects or their employers known the laws
oi the human constitution.” *

The same intelligent writer remarks, that in churches
fainting and hysterics ocecur more frequently in the afternoon
than in the morning, because the air is then at its maximum
oi wvitiation, Indeed, in a crowded church the effects of
deficient air are visible in the expression of the features of
every one present—* cither a relaxed sallow paleness of the

¥ Dr. Andrew Combe’s “ Principles of Physiology.”
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surface, or the hectic flush of fever, is observable, and, as the
necessary accompaniment, a sensation of mental and bodily
lassitnde is felt, which is immediately relieved by getting
into the open air.” Some persons, however, do not find
this relief; the headache often lasts for hours, and ends in a
bilious or nervous attack.

Qur school-rooms are often also sadly defective in respect of
ventilation, and we have known cases where, with all the
windows open, a proper supply of air could not be intro-
duced into the crowded apartment. When the weather did
not allow of open windows, the atmosphere of the room was
most loathsome to a visitor entering it from the fresh air.
All the inmates complained of a sensation of fulness and
tightness in the forehead, and headache more or less acute.
Command of temper on the part of the teachers, and mental
progress on the part of the pupils, are of course next to
impossible under such circumstances. The writer would
appeal to the experience of teachers in general, whether the
slow comprehension and listlessness of children in school,
who are sharp and eclever in the playground, may not be
traceable in a great measure to the vitiated air which they
are compelled to inhale ?

In curious contrast to the defective arrangements of many
of ounr public buildings, with respect to ventilation, are our
public theatres and music halls. These are, for the most
part, well ventilated, or at least an intelligent attempt is
made to procure ventilation, and the managers do not fail
to parade the fact in their play-bills. They are practical
men ; they know that for some years past the attention
of the public has been directed to the subject of wventi-
lation, and that a studious attention to the comfort of the
house is as likely to bring people to it as attractive perfor-
mances. They know, too, that people are more likely to
enjoy and applaud the business of the stage when they can
breathe freely, than when the head is aching and the senses are
steeped In the drowsiness of a mephitic atmosphere. Some of
the methods of ventilating theatres are clever and efficient, as
will be noticed hereafter, and could easily be applied to those

far more important buildings, the church and the lecture-room.
i
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The traveller, in pursuit of health, business, or pleasure,
is everywhere exposed to inconvenience and suffering from
want of ventilation. In our coaches, railway carriages, and
steamboats, the means for ventilation are inefficient. Some
of my readers will probably be able to call to mind their
nights of suffering in the heavy coaches of thirty or more
years ago. I have frequently travelled inside the Salisbury
coach in winter, which left London at 5 p.m., and arrived in
Salisbury next morning at about 7 a.r., thus performing
a journey of 85 miles in 14 hours; such a journey, with
six inside (and I have sometimes formed one of eight),
with windows closed at the special request of some lady
or gentleman, who seemed capable of breathing without the
usual supply of fresh air, was a protracted torture of greater
magnitude than that endured now-a-days.* Yet it must
be confessed that our railwav carriages are not much better
when the windows are closed and the travellers are numerous.
A second-class carriage often contains from twenty-four
to thirty, and even forty persons, and the air, under such
circumstances, is intolerable. The first-class carriages are
better, because there is less crowding, but even these are
seldom provided with efficient means for the escape of the
vitiated air. The sleeping cabins of our steamboats though
fitted up with general attention to comfort, are entirely
without any special contrivances for ventilation. I have
travelled more than once from London to Hamburg, and
have slept, or endeavoured to sleep, two nights in the cabin
of one of the steam company’s magnificent boats. The eager-
ness with which I have exchanged the feetid air of the
cabin for the pure air cf the deck, even in rainy or boisterous

# In illustration of this part of our subject, I venture to relate the follow-
ing anecdote, which, as far as I know, has never before appeared in print:—
Some years ago an elderly gentleman, well known in the west of England,
was travelling in the night coach from London to Salisbury, when he requested
permission to have one of the windows down : this was stoutly refused by one
of the five other passengers, and an altercation arose, which was suddenly cut
short by a young midshipman thrusting his fist through the glass window, and,
turning to the supplicant for fresh air, inquired whether he should break
the other also. This was declined; the obstinate traveller sat in silence
during the rest of the journey; but the old gentleman, interested by the bold
and original conduct of his young friend, invited him to his house, and
afterwards became the means of greatly advancing his prospects in life.
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weather, will be understood by all who have undertaken such
a voyage. The horrors of the ecrowded fore-cabin are happily
known to me only by desecription.*

In our naval and merchant service much disease and
mortality are the direct consequences of defective ventilation.
The lower decks and close cabins of ships are often crowded
with people engaged in cooking, eating, drinking, and sleep-
ing. Their condition is bad enough in fair weather, but in
a gale of wind, with the scuttles closed and the hatches
fastened down, and no means provided for the admission of
fresh air below but what can find its way by an opening of a

# T once took my passage in a steamboat from Cologne to Rotterdam (at
that time a voyage of nearly forty hours), and found, when I had got on
board, that there was no sleeping accommodation. This was of no conse-
quence during the daytime, and not of much consequence, in fine weather,
during the night, to an old traveller; but on this occasion, as night advanced,
a cold drizzling rain compelled the passengers to seek refuge in the small
cabin, the only one the vessel afforded. When tea and supper were fairly
over, and nighteaps of various descriptions had been distributed among the
guests, the low bench round the cabin was completely occupied. Those who
could sleep did so; those who could not, tried a variety of postures, looked
wistfully at the four comfortable corners occupied by envied sleepers. Some
had slid down upon the floor ; others found a hard pillow by leaning forward
on the table before them ; and those who still kept awake had an opportunity,
by the faint gleams of a lamp, to study this odd, and not over cheerful,
grouping, Oneof my companions, not being able to sleep, went on deck and
resigned his place to me. I thus got a rest for my head, and with my great
coat for a pillow, managed to pass, in a kind of restless sleep, the most
dreary portion of the night. Early in the morning, an hour before daybreak,
I went on deck; a moist fog rested sluggishly on the water, and rendered
the shore barely visible. At this time an incident occurred which animated
every one. A poor Dutch family was on board, consisting of a man, his wife,
and four children, and it was suddenly proclaimed that the eldest boy had
fallen overboard during the night, and was lost. “ A man overboard” is a
startling subject on every kind of water, and in every description of eraft,
and we were all busy with inquiries as to when and where and by whom he
was last seen ; search was made in every corner of the wessel, but all to no

urpose ;—the boy was certainly drowned, and there was no help for it. The
father seemed to receive the condolence of the passengers with characteristic
Dutch phlegm ; he lit his pipe and received in silent resignation a long and
apparently angry discourse from his wife. We were all very sorry for him and
for her, when, lo! the black tarpaulin, which covered a large collection of
goods on deck was seen to move, and from under one of its folds a large,
round, sleepy face appeared, and crawling forth, with a yawn and a stretch,
the object of our solicitude stood before us! The parents expressed their joy
in rather an odd manner,—the mother scolded, the father quietly put down
his pipe and began to cuff the boy rudely, and, but for the interference of
some of the passengers, he would probably have received a sound thrashing
for venturing, as it appeared, without leave, to sleep in certainly what seemed
to be the most comfortable part of the vessel,

c 2
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few feet square—when the vitiated effluvia from the healthy,
the sick, and perhaps the dying, come steaming up the same
aperture down which the fresh air is struggling to find its
scanty way to the miserable inmates, how can we wonder at
the mortality of seamen, especially in tropical climates, In
troop or transport ships, the constitutions of the men are
frequently enfeebled, instead of being strengthened by the
voyage. Moreover, the evils arising from want of ventilation
are aggravated by the horrors of sea-sickness; the sense of
smell becomes morbidly sensitive ; the bilge-water, or that
stagnant corrupt water which lodges in the bottoms of tight
vessels, emits the offensive odour of sulphuretted hydrogen
and other gases; and these, combined with the closeness of
the cabins in sailing vessels, few can endure with impunity.
All this is even made worse in steamboats by the odour of
the hot, rancid tallow used for greasing the engines.

Mr. Robert Ritchie, in a paper on the ventilation of
ships,* quotes a letter from a naval friend on the African
coast, who says:—“On the lower deck of our little craft
were stowed away one hundred persons, ship’s stores, cook’s
coppers, &e. Never did I before feel so much the importance
of a thorough ventilation. To sleep in such an atmosphere
is next to impossible, and when exhausted nature sinks into
repose, it awakes with that sickly and feverish sensation
which betokens the derangement of your physical system,
and that you have been inhaling a poison which is slowly
but surely preying on the vitals of your constitution. That
disease and death should be frequent is only what every
rational and scientific person would expect. Climate is
blamed for every disease that appears in foreign stations, but
I have not the slightest doubt that the want of a thorough
method of ventilation on ship-board has, in very many cases,
laid the system open to disease, which, in more favourable
circumstances, could have been easily removed. The man
who could improve the present wretched system would be
justly entitled to the thanks of every humane and benevolent
individual.” :

Such is the condition of a small, erowded sloop of war. In

#® Jameson’s Edinburgh Philosophical Journal.
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large men-of-war the evils are less, on account of the ventila-
tion of the lower decks by the gun-ports. These, of course, do
not exist in merchant vessels; and in the lower, or orlop
deck of all ships, there is great difficulty in establishing a
constant uniform current of fresh air.

In these introductory remarks, we do not insist upon the
necessity of warming our rooms and other enclosed spaces, for
that is an art which is practically well understood, and will
receive a share of attention in this little work. DBut if warm-
ing is easy and well understood, ventilation is also easy and
badly understood ; that is, it is very easy to ventilate a room
or a building, but the necessity for doing so is not generally
admitted by the great mass of the people, nor even by those
whose dnty it is to teach them and to provide for the prac-
tice. But to combine the two arts—to warm a room suffici-
ently, and at the same time to ventilate it thoroughly—is
not easy, for the very means employed to ventilate a room
must necessarily dissipate and carry away the heat employed
in warming it. Something, however, may and ought to be
done to combine the two methods, as we shall endeavour to
show ; but before entering upon practical detailg, it is neces-
sary to invite attention to such of the laws of heat as are more
immediately connected with our subject. We can scarcely
do more, in our limited space, than bring together a few of the
results of scientific principles, and refer the reader to larger
and more comprehensive treatises for their verification.

In the process of warming and ventilating a building the
laws of heat receive abundant illustration. Heat is one of
those great natural forces that is always seeking an equili-
brinm which it can never attain. In doing so it influences
surrounding objects in three ways :—FE'irst, by conduction, in
which the heat travels from particle to particle, raising the
temperature as it creeps along. Secondly, by convection,
which refers to liquids and airs, in which the particles nearest
the source of heat becoming warmed, ascend and impart their
heat to surrounding particles, while the colder ones descend
and take their place. Thirdly, by radiation, by which the
rays of heat dart out in all directions from a central source.

Every one is aware that bodies conduct heat very differently.
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The poker left in the fire soon becomes too hot to handle,
while a short stick of wood may be burning at one end,
and be scarcely warm at the other. A piece of marble and
a piece of flannel, of the same temperature as indicated by
the thermometer, will feel to the hand, the one cold and
the other warm, because in the one case the marble conducts
the heat freely from the hand, and the flannel scarcely at all.
One, in fact, is a good, and the other a bad, conductor of
heat. The metals, however, are the best conductors; but
these differ greatly among themselves in conducting power.
By exposing similar bars of metal to a uniform source of
heat, acting at the end of each bar, and measuring the in-
crease of temperature along the bar at intervals of 2 inches
by means of a thermo-electric pile, the condueting power of
metals for heat has been found to follow the same order as
their conducting power for electricity. Of all the metals,
silver is the best conductor, and taking this at 1,000, the
number that represents the conducting power of gold is 951;
of gold alloy (991 gold and 9 copper), 840 ; rolled copper,
845 ; cast copper, 811 ; aluminium, 665 ; rolled zine, 641 ;
cadmium, 577 ; bar-iron, 436 ; tin, 422 ; steel, 397 ; platinum,
580 ; cast-iron, 359 ; lead, 287 ; antimony, 215 ; and bismuth,
61. It is remarkable how greatly the conducting power of
a metal is disturbed by the presence of small portions of
impurities. Gold alloyed with 1 per cent. of silver, loses nearly
20 per cent. of its conducting power; while the carbon of
steel and of cast-iron greatly diminish their conducting
power, as seen by the above figures.

Different woods show very unequal conducting powers.
In the same specimen wood conducts best in the direction
of the fibre; density has but little effect on the welocity of
transmission. American birch, a comparatively light wood,
had a higher transmissive power than thirty-one other woods
experimented on by Professor Tyndall.* Iron-wood, which
has a specific gravity of 1426 has a low conducting
power; oak and Coromandel wood, the latter very hard and
dense, stand near the head of the list ; while Scotch fir and
other light woods stand low. Professor Tyndall expresses

# ¢ Heat Considered as a Mode of Motion,” 1863,

-
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the law of molecular action as regards the transmission of
“heat through wood in the following terms :—

“ At all the points not situate in the centre of the tree,
wood possesses three unequal axes of calorific conduction,
which are at right angles to each other. The first, and
principal axis, is parallel to the fibre of the wood ; the second,
and intermediate axis, is perpendicular to the fibre and to the
ligneous layers; while the third and last axis is perpen-
dicular to the fibre and parallel to the layers.”

It is remarkable also that certain crystals vary in conduct-
ing power according to the position of the optic axis of the
crystal. In quartz, for example, the heat travels more easily
along the axis than across it, as may be proved by taking
two plates of that substance, one of which is cut parallel to
the axis, and the other perpendicular to it. KEach plate is
pierced with a small hole in the centre, in which a wire is
inserted capable of being heated by connection with a vol-
taic battery. The plates are coated with a layer of white
wax mixed with olive oil. On heating the wire the wax
retires, as if it ceased to wet the crystal’s surface, and accumu-
lates in the form of aliquid ring ; on the line of demarcation
it separates the melted from the solid wax. But there is
this remarkable difference in the two cases. In the slice
taken across the axis the wax is melted in the form of a
circle, of which the wire is the centre; while in the other
plate the wax is melted in the form of an ellipse, the long
axis of which coincides with the optic axis of the erystal,
showing that the eonducting power is greater in that direc-
tion than in the one at right angles to it.

Liquids and gases are very indifferent conductors of heat,
probably on account of the mobility of their particles ; for no
sooner is heat applied to a fluid body than the particles in
immediate contact with the source of heat become warm, and,
specifically lighter than the surrounding particles; hence they
ascend until they reach a stratum where they are in equilibrium
with neighbouring particles. Thus air and water tend to
arrange themselves in layers, the lighter and warmer upon
the heavier and denser. We may notice this in lakes. In
the month of July, Saussure examined the lakes of Thun and
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Lucerne ; the one at the depth of 370 and the other at that
of 640 feet : both had the temperature of 41° ahr., while the
water at the surface indicated 64° and 68:'5° respectively.
Lago Maggiore, on the Italian side of the Alps, at the depth
of 260 feet, had a temperature of 44°, while the surface was
nearly 78°. Mr. J. Jardine found, in September, that the
surface of Loch Lomond, Scotland, over the deepest part,
marked 69-3° ; at the depth of 15 fathoms, 43-7° ; at that of 40
fathoms, 41°3° ; and from that to about 3 feet from the bottom,
100 fathoms, it decreased only the fifth part of a degree.
Observations of this kind justify the popular notion that deep
lakes never freeze, since convection may take place, of course,
downwards as well as upwards ; the particles at the surface,
being chilled by cold, become heavier and descend, while the
lighter and warmer particles rise to the surface, to be in like
manner made heavier by cold, and to descend ; but this pro-
cess can only go on to 40° since at this point water under-
goes a remarkable molecular change, whereby it no longer
contracts and becomes heavier by eold, but lighter, so that in
ginking from 40° to 32° it occupies the same bulk that it did
in sinking from 48° to 40°. 'When the superficial water has
reached 40°, it is at the point of maximum density by cold ;
any further reduction of temperature causes it to expand, and
to send it to the surface until it reaches 32° when it erystal-
lises into ice, and in doing so undergoes a further expansion.
Before, then, a deep lake can freeze, this process of con-
vection must proceed until the whole of the water has reached
the point of maximum density by cold, and then, and not till
then, can the surface sink in temperature from 40° to 32°,
the freezing point. While this process is going on the
winter is passing away, and before the whole lake has reached
40° spring has arrived. But as water is so bad a conductor
of heat as scarcely to transmit it from the surface downwards
the surface water may in summer mark a temperature of 70°
or 80° while the lower strata are at or about the temperature
of maximum density which the cold of winter had impressed
upon them, :
After sunset similar phenomena, may be observed in the
layers of the atmosphere. Pictet found, at the end of the last
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century, that thermometers, placed, the one 5 feet from the
ground, and the other at the height of 75 feet, marked
different temperatures ; sometimes before sunset the lower
thermometer was colder than the upper one, the difference
increasing rapidly till sunset, and, indeed, during the night
in calm weather.*

Conveetion may be illustrated by boiling water in a large
tube or flask, by means of a spirit-lamp placed beneath it. If
the water contain a little powdered amber or cochineal, which
is of about the same density as the water, the particles will
show in a striking manner the direction of the current. A
strong current will ascend up the centre or axis of the tube,
slackening as it ascends, from the giving off of heat to the
colder particles; while the colder particles form descending
currents at the sides of the vessel, returning to the source of
heat to obtain a fresh supply. In this way the water gradually
rises in its temperature from that of the surrounding air to the
boiling point, 212°; at which point the water, being equal in
force to the atmospheric pressure, bubbles off in the gaseous
or aeriform state. DBut even here there is a difference in
temperature between the bottom and top layers. If a ther-
mometer be placed with its bulb close to the bottom of the
tube, while the bulb of a second thermometer be plunged just
beneath the surface of the water, the lower thermometer may
be 214°, and upwards, while the upper is only 212°, If the
lamp be removed, boiling will of course cease, but the con-
vective current will continue active for hours ; the hotter and
lighter portions will arrange themselves nearer the surface,
and in the process of cooling there may be a difference of 20°,
and upwards, in favour of the upper thermometer, and that
in a column of only six or seven inches in height. Even a
column of cold water, exposed to the ordinary temperature of
a room, will often be 2° warmer at or near the surface than at
the bottom.

We have deseribed the convective currents in water under
the influence of heat. YWere the air visible similar currents

¥ A number of interesting observations of this kind will be found in a
volume of this series entitled “ Experimental Essays.” See Essay IIL., “History
of the Modern Theory of Dew.”

c 3
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would be noticed streaming up on the outer surface of the
heated tube, and from the surface of the hot water ascending
to the ceiling, spreading and descending in colder parts of the
room. This process would go on not only during the heating,
but also during the cooling, of the liquid column, and not rest
until equality of temperature had been attained. But such
equality never can be attained, since a human being, or any
warm-blooded animal, were it only a mouse, entering a room,
at once disturbs the relations of temperature, and sets in motion
convective currents. A lamp or a candle does so still more
powerfully ; a lump of ice would produce an inverted con-
vection ; in short, there is no such thing as rest in the air;
everything in that region is in unceasing activity, and per-
petual motion ; which should be met by intelligence on our
part. Convection points out the true principle of ventilation ;
the poisoned air, as it leaves our lungs—the poisoned products
of combustion, as they leave our lamps and candles, are fur-
nished, by heat, with wings, which cause them to ascend, and
they would ascend and escape, and be useful in the vegetable
world, where they are wanted, were it not for our ill-contrived
domestic arrangements, where every room acts as a condenser,
and brings the aerial poison down upon our heads to be
breathed again. The grand process by which nature venti-
lates our globe should regulate our proceedings. The sun on
the equator raises a powerful current, which ascends and
spreads on either side towards the pole; while the colder air
from the temperate regions streams in as an undercurrent to
supply health and refreshment to living creatures.
Arrangements for warming are, for the most part, beyond
the control of individuals ; these are settled by the house-
builder or architect according to ancient rule, and are adapted
to our feelings or prejudices in favour of open fire-places;
but the ventilation of our rooms depends in great measure
apon ourselves, and we may be fairly charged with a pre-
sumptuous neglect of natural laws, if we fail to make use of
some of the simple means for obtaining ventilation which we
are about to describe. Before science had discovered the
pernicious effects of impure air, it was not surprising that
people did not ventilate. No plans for ventilation could be
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laid down on a proper basis, until the composition of the
atmosphere had been properly defined : no definite meaning
could be given to the word wentilation until the nature of the
air itself was known, and the products of respiration and
combustion had been proved to be poisonous.* DBut no
sooner had the beautiful experiments of Priestley, Cavendish,
and others, made an impression on the scientific minds of
the day, than means were contrived for ventilation. Thus
Cavallo, in his “Treatise on the Nature and Properties of Air,”
(4to., London, 1781), quotes from an older work a method
of ventilating a room by means of a small tube opening into
it, in or near the ceiling, which might either be carried to
the top of the building, or be made to communicate with
the external air by a small perforation through the wall at
the roof of the room, by which means a proper circula-
tion would be established, and the foul air be carried off.
In order to admit fresh air into the room, another opening
was made in the ceiling, having a communication with a
small pipe that led from thence to the outside of the wall,
where it was bent and conducted downwards till it reached
the ground, being left open to communicate with the external
air., The cool air would thus be forced in at the lower
opening of the tube, and made to ascend into the apartment
in proportion to the quantity that escaped towards the higher
regions by means of the ventilator.

Here we have a plan of ventilation at least seventy years
old, and yet, at the present day, ventilation is still discussed
and quarrelled over, as if it were some new thing, The
proper supply of fresh air is denied to the great mass of

* Ventilation was probably first practised in mining districts, as a work of
necessity, in consequence of the rapid conversion of the oxygen of the airinto
carbonie acid, by the respiration of the miners, the combustion of their candles,
and the large quantities of irrespirable gases liberated by the gunpowder used
in blasting. Mr. Henwood has given a summary of the analysis of eighteen
samples of air taken from the mines of Cornwall and Devon, from which
1t appears that the proportion of oxygen was only 17°067 per cent., while the
carbonic acid was 0'085 ; the nitrogen 82:848; and in one instance the pro-
portion of oxygen was reduced to 14-51; and in another, the carbonic acid
was 0-23 per cent. These results show a diminution in the proportion of the
vital ingredient of the atmosphere from its usnal per centage of 21, and an
inerease of the poisonous ingredient, carbonic acid, from 005, its usual

amount, calculated to produce great injury to persons exposed to the breathing
of such a fluid for hours together.
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the population, because builders, who ought to be perfectly
acquainted with these things (who ought also to be able to
construet chimneys that will discharge their smoke into the
air instead of into the room), too often neglect to study the
natural laws which chemists and physiologists have placed
on a sure basis, We are told that the native porters of
Canton are accustomed to balance the load which they carry
on a pole upon their shoulders, by means of a large stone at
the other extremity of the pole, and that they deemed the
suggestion of an Englishman an impertinent interference, who
wished them to balance one package by means of another.
“ Our ancestors,” they said, * were very wise men, and they
never carried more than one package at a time, and this
they balanced by meaus of a stone ; shall we be wiser than
our ancestors ?” So may a large proportion of our modern
builders execlaim, “ Our ancestors were very wise men ; they
never thought of providing special means for ventilation in
rooms and public buildings; shall we be wiser than our
ancestors ?’ Many a powerful satire on the modern practice
of house-building is afforded by the stifling effects of ordi-
nary dwellings. For example, Dr. Maceulloch, in his “Account
of the Hebrides,” remarks, that while the inhabitants had no
shelter but huts of the most simple construction, which
afforded free passage for currents of air, they were not sub-
ject to fevers ; but when, through the good intentions of the
proprietors, new dwellings were erected, and were made
elose, comfortable, and commodious, the stagnating air, and
other impurities, joined to the want of cleanliness in the
inmates, generated febrile infection. Now, we think, it must
be admitted, that had these new dwellings been properly
ventilated, by special means contrived for the purpose, there
is no reason why they should have been more unhealthy than
the old ones.

The third mode by which heat secks to attain equilibrium
is by radiation. A grate of burning coals warms a room by
this method—the rays of heat proceeding from it are evidently
not brought by currents of air, for they set in towards, and
not from, the fire; nor is the heat brought by convection,
gince heated currents ascend; nor by conduction, for that
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in gaseous bodies is very slow. Radiation is the force by
which the heat of the sun reaches the earth; the heat of
a fire warms the room ; and the heat and light of a lamp or
candle become diffused. From these sources the heat proceeds
in radial lines as from a centre; and in common with all
central forces, the intensity diminishes inversely as the square
of the distance from the radiating point. For example, the
heating effect of the candle, Fig. 2, is nine times less at 3

feet than at 1,and four times i

less at 2 feet than at 1. \l/}’ \
If a board, 2 feet square, be e ;
held with its centre 2 yards \ \

from the candle, and another
board, 1 foot square, be held ;
parallel to the first board,

half way between it and the

candle, it will intercept the Fig. 2.

whole of the light that would [

have fallen on the first board. The same board, 1 foot
square, would also intercept, exactly, all the light that
would have fallen on a third board, 3 feet square, three
times as far from the candle. This is what is meant by the
law of inverse squares; the first board at the distance indi-
cated by 1, from the candle, receives a quantity of light and
heat indicated by 1; the second board, however, at the dis-
tance 2, has the same quantity of heat and light spread over
a surface four times larger, and, consequently, has only one-
fourth the intensity of the first board. The third board, at
the distance 3, has only one-ninth the intensity, since it is
gpread over a surface nine times larger than that of the first
board.

Radiant heat has many of the properties of light. It
moves with the same velocity, and is subject to the same laws
of reflection, absorption, refraction, transmission, &e. The
heating rays may be reflected or transmitted without dis-
turbing the temperature of the bodies which reflect or trans-
mit them ; but if the rays be absorbed or arrested in their
course, so as to become wholly or partially extinguished as
rays,the body absorbing them immediately rises in temperature.
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The radiation of heat is a very different process from condue-
tion ; the one being instantaneous, and the other slow. Con-
ducted heat raises the temperature of the conducting bodies ;
radiant heat may not disturb the temperature of the bodies
that transmit it. Gaseous bodies are not only the worst con-
ductors, but the worst transmitters of heat ; while the metals,
which are the best conductors, do not transmit radiant heat
at all.

The incessant struggle that is going on among bodies to
attain equilibrium of temperature is strikingly illustrated in
the case of radiant heat. All bodies, in whatever state, are
constantly engaged in radiating heat. When a number of
bodies radiate to each other equally,so that each, in proportion
to its size,receives as much as it gives, the temperature remains
the same. If however, a body of a higher temperature be
introduced among them, they radiate their heat to it; but it
radiates to them more heat than it receives, go that its tem-
perature falls, while their temperature rises until equilibrium
is attained. If a colder body be introduced, they radiate to it
as before ; but as it radiates to them less heat than it receives,
its temperature rises, while theirs falls. The chilling effect
which a ship’s erew feel on approaching an iceberg arises
from the fact that they radiate towards it more heat than they
receive.

A ray of heat, or of light, proceeds in a straight line
until it meets a reflecting surface, from which it reboundsin
another straight line, the direction of which is determined by
the law, that the angle of incidenceis equal to the angle of
reflection.

It must also be noticed that the plane of reflection, or that
imaginary plane which contains both the incident and reflected
ray, is perpendicular to the reflecting surface at the point of
contact. In curved surfaces a perpendicular, or normal, can
be erected at any point, which in such cases acts as a tangent
plane, touching the curved surface at such point; hence, if
a speculum have the form of a paraboloid, any number of rays
proceeding from a point called its focus will be reflected into
parallel lines, and if such parallel lines or rays fall upon such
a surface they will all be reflected so as to meet in its focus.
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Two such specula are shown in Fig. 3, with their axes in the
same straightline. If a hot body, such as a flask of hot water,
be placed at c,in the focus of the mirror, a, all the rays
which it sends to that mirror will be reflected in parallel
lines, and so reaching the other mirror, B, will be reflected so as
to meet in its focus, », where a thermometer will be affected
more than at any other spot, even though such spot be much
nearer the hot body, c. Ifa screen be placed either between

Fig. 3.

o and A, or between B and b, the effect on the thermometer
instantly ceases. A red-hot iron ball, placed in the focus of
one mirror, will fire combustible bodies placed in the focus of
the other mirror, at the distance of 10 or 15 feet, or more. If
a ball of ice be placed in one focus, a thermometer in the other
will be observed to fall.* Tt was once supposed that this arose
from the radiation of cold; but bearing in mind the theory
of radiant heat, already given, it will be seen that the ther-
mometer sinks, because it radiates heat to the ball of ice.
Indeed, if one of the parabolic mirrors be turned with its
axis towards the blue sky, a thermometer in its foeus will
sink some degrees by day, and it has been known to sink as
much as 17 degrees by night. If one of the mirrors be
turned to the sun, the rays of which may be considered as
physically parallel, they will be collected in the foens of the

# This experiment is commonly referred to M. Pictet, of Geneva, and is
described in his Essais de Physique, published in 1790. The experiment,
however, is spoken of by Oldenburg, in a letter to the Hon. Robert Boyle, dated
Dec. 19, 1665. He says—* I met the other day, in the ¢ Astrological Discourse’
of Sir Christopher Heydon, with an experiment which he aflirms to have tried
himself, importing that cold accompaniesreflected light, by employing burn-
ing spherical concaves, or parabolical sections, which he saith will as sensibly
reflect the actual cold of snow or ice, as it [they] will the heat of the sun.”—
Boyle's Works, 1744,
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mirror, and illustrate the origin of the word “focus™ by its
powerful heating effect.

The mirrors used in the above experiments are of specu-
lum metal, or of copper silvered on the concave faces. Such
a surface, being the worst kind of radiator, absorbs the
least proportion of the rays impressed upon it, and, conse-
quently, reflects the greatest number. Surfaces differ greatly
in reflective power : metals are the best reflectors ; but in very
different degrees. Out of every 100 heating rays that fall
upon a surface, polished silver reflects 90 ; bright lead, 60 ;
glass, only 10,  If the surface be scratched or ronghened the
heat is reflected from it irregularly; but if the surface be
coated with lamp-black, most of the incident heat is not
reflected, but absorbed, and the temperature of the absorbing
body rises. The power of reflection resides at, or very near,
the surface of a body. A surface of leaf gold, less than the
200,000th of an inch in thickness, reflects heat nearly as well
as a mirror of solid gold. The best reflectors are the worst
absorbents, and wvice versd.

The absorbing and radiating powers of the same substance
are directly proportional to each other. Sir John Leslie
formed a cubical vessel of tinned-iron plate, and covered one
of its sides with lamp-black; a second with writing-paper ; a
third was roughened by scratching ; and the fourth was left
bright. On filling the cube with hot water, and placing it
in the focus of one of the mirrors, with a thermometer in that
of the other, a different temperature was obtained as each side
of the ecube was presented to the mirror. The largest amount
of heat was radiated from the lamp-black, less from the paper,
still less from the scratched surface, and least of all from the
polished surface. Details of this kind have a great practical
value ; for we see that a hot liquid in a blackened vessel will
cool down more quickly to the temperature of the air than if
it were in a bright vessel ; and hot-water pipes, intended for
warming a building, should be blackened in places where the
heat is to be distributed, and kept bright in the approaches
where the heat is not wanted. ,

The increased radiating power of a surface roughened by
emery, by the file, or by drawing streaks or lines with a graving
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tool, arises, according to Melloni, from increasing the density
of the surface. In support of this view, he took four plates
of silver, two of which, when cast, were left in their natural
state, without hammering, and the other two were planished
to a high degree under the hammer. All four plates were
then finely polished with pumice-stone and charcoal, and after
this, one of each of the pairs of plates was roughened, by rub-
bing with coarse emery paper in one direction. The quantity
of heat radiated from these plates was as follows :(—

Hammered and polished plate . . . . . . 10°

Hammered and roughenedplate . . . . . . 18°
Castand polished plate . &« « &« « &« « o 137°
Cast and roughened plate . . . . . . . . 118°

Thus it appears that the hard hammered plate was inereased
in radiating power four-fifths, by ronghening its surface, while
the soft cast plate lost nearly one-fifth of its power by the
same process,

Melloni made the remarkable discovery that the amount of
absorption depends a good deal on the nature of the heating
source. If we take the naked flame of an oil-lamp, a platinum
wire heated to redness in the flame of the spirit-lamp, a piece
of sheet copper heated to beiween T00° and 800° in a current
of hot air rising from a lamp beneath it, and, lastly, a copper
canister filled with boiling water, we have four distinct
sources of heat. If one of the balls of a differential ther-
mometer be blackened, it may evidently be placed at such
distances from each of these sources as to indicate the same
temperature in each case. If the ball of the thermoscope,
instead of being coated with lamp-black, be covered with
another substance, the distances observed in the former casze
will now no longer apply in order to get the same temperature.
If, when the ball was covered with lamp-black, the heat
absorbed in each case were 1009, it will, if coated with white
lead, and placed at the same distance from the naked flame, as
before, only indicate 539 ; at the same distance from the red-
hot platinum, only 56° ; from the heated copper, 89°; from the
copper cube of boiling water the result is the same as when
the ball of the thermoscope was covered with lamp-black.
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given in the following table : the results of a few of which are
Other substances were tried,— .

. Naked | Incandescent | Copperat | Copper at

S SIRn Biace Flame. Platinum, Tﬁﬂ}prﬂlm Eﬂ}g Fahr,
Lamp-black . . . . 100 100 100 100
White lead . . . . a3 ol &9 100
feinglass . . . . & 52 54 84 91
Imdlan fnk o2 et 96 95 87 85
Shell-lae ., . ., . . 43 47 70 72
Polished metal . . . 14 135 13 13

It will be seen from this table that lamp-black absorbs all
the heating rays from whatever source, and that the absorptive
power of a metallic surface, though small, is uniform in every
case. It will also be noticed that the less intense source of
heat, viz., that of boiling water, a greater amount is absorbed
than in the other cases. It isan old observation by Franklin,
that pieces of cloth of the same size and texture, but of different
colours, placed on newly-fallen snow, absorb heat in different
proportions, as indicated by the greater or less rapidity with
which the snow melted under them. The absorption was
greatest in the case of the black cloth, less with the blue, still
less with the green, and diminishing in the order of purple,
red, yellow, and white. Melloni also found that bodies varied
considerably in their transmissive power for heat. Such as
are trangparent to heat are called diathermanous, or diathermic,
from ia, “ through,” and Oeppoc, ““ hot,” while bodies that
are opaque to heat are termed athermanous, or adiathermic
(the Greek a signifving “ without”). Bodies that are trans-
parent tolight may stop the rays of heat more orless completely.
Pure water, for example, transmits most of the rays that it
does not reflect ; the addition of a few drops of indian ink will
greatly diminish the transparency of a large quantity of water,
but still the light transmitted is of the same kind as that
transmitted by pure water. It has the same order and
arrangement of colour, when passed through a prism, as that
transmitted by pure water. If, however, the water be made
turbid by means of indigo, the transmitted light is no longer
the same, some of the luminous rays having been more com-
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pletely absorbed than others. The heating rays may be
supposed to undergo a somewhat similar change ; but while
a vast number of bodies, solid, liquid, and gaseous, are trans-
parent to light, there is only one known solid that is diather-
manous, or transparent to heat, and that is rock salt. Atmos-
pheric air, oxygen, nitrogen, and hydrogen in a pure and dry
state are almost perfectly diathermanous; but several trans-
parent gases, especially olefiant gas, and also vapours, have been
shown by Professor Tyndall to be powerful absorbers of heat.
Liquids also absorb varying proportions of the heating rays.
Heat, like light, admits of being refracted, as may be seen
by the action of a burning-glass, which converges the sun’s
rays to a point. The solar spectrum has its heat very un-
equally distributed, the maximum temperature being just
below the red ray. If, however, other sources of heat be used
instead of the sun, the position of maximum temperature is
found to vary. In the spectrum from the flame of a naked
lamp, the maximum intensity is about the middle; in that from
ignited platinum it is nearer the red ; in that from copper at
750°, it is still nearer ; while the heat radiated from a surface
at 212° contains a few only of the more refrangible heating
rays. It appears, then, that a pencil of invisible heat consists
of rays of different refrangibility, and such a pencil, in passing
through certain substances, becomes altered in character, as
light does in passing through coloured media. We know
that the sun’s rays pass through glass and other media with-
out being absorbed, so that a burning-glass may produce a
focus of intense heat and light, and be itself quite cool; while
if held before an ordinary fire it will produce a focus, indeed,
but one containing very little heat and light, while the glass
itself becomes warm. (Glass, then, transmits the heating rays
of the sun with ease, but such rays exist in very small quan-
tities in incandescent bodies. A glass screen is used for look-
ing into a highly heated furnace, and this can be done with-
out inconvenience, since the glass absorbs the heated rays and
transmits the lnminous ones. If the sun’s rays be transmitted
through water, and then through green glass, coloured by
means of oxide of copper, a beam of greenish light is obtained,
which, when concentrated by lenses, has considerable intensity
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but no heat, the heating rays having been separated during
the filtration.

The properties of radiant heat vary, as we have seen,
according to the source; but when heat, from whatever source,
has been once absorbed and radiated again, it has lost the
distinetive character of its source.

If the reader will turn to our * Introduction to the Study
of Natural Philosophy,” he will find some remarks on the
distinction between heat and temperature. DBodies of the same
temperature may contain very different quantities of heat
although the thermometer may show no difference. Two flasks
of equal size, one containing a pound of olive oil and the other
a pound of water, left for some time in a room at 40°, will both
mark that temperature on a thermometer inserted into each ;
but if the flasks be taken into a warm room at 70° the ther-
mometers will be seen to rise slowly from 40 to 70° but not
with equal paces—the thermometer in the oil will rise much
more quickly than that in the water; hence it is a perfectly
fair inference that less heat is required to raise the oil from
40° to T0° than so to raise the water. If the flasks be taken
back into the cold room the oil will eool more quickly than
the water. That the water contains more heat than the oil
at any given temperature, may be proved by placing the flasks
in boiling water, and then in funnels containing equal quan-
tities of ice. The water, in cooling down to the temperature
of the ice, will melt twice as much ice as the oil. It is evident,
then, that bodies of the same temperature may contain un-
equal quantities of heat; that the quantity of heat required
to raise pure water 1 degree, as from 82° to 33°, must be
varied in order to produce the same effect on other bodies;
which quantity of heat required to raise a body 1 degree is
called its specific heat. Pure water is the standard of com-
parison, and its specific heat is said to be equal to 1:000.

One of the methods of ascertaining the specific heat of
bodies is the calorimeter, which consists of three concentric
metal vessels, 8, ¢, g, Fig. 4, enclosed one within the other, and
connected by as few supports as possible. The instrument
must be in a room where the temperature is not over 40°
nor under 32°, The two outer compartments, s ¢, and also the
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cover, are filled with broken ice, which, being in a melting state,
preserves a constant temperature of 32°, mﬂy receiving heat
from the external air as well as from the innermost vessel, E.
When, therefore, the substance, the specific heat of which is
to be examined, is placed in g, all the heat that it gives out is
employed in melting the ice which immediately surrounds it,
and the water thus obtained passes by the pipe, d, into a vessel
beneath, in which it is weighed;

and it is thus ascertained how = o
much ice has been melted with- N = el
out raising its temperature, or P S
how much water might be
raised 142° (a number that will
be explained presently, p. 48)
by the cooling of the substance
examined through a known
number of degrees, since no
heat can penetrate to this
ice from the external air, be-
cause all the heat that enters {{i=
the calorimeter from without is F—"r
absorbed in melting the ice of

the outer vessel, and the water

thus formed drains away to waste through a separate pipe, &',
and is not allowed to mix with the drainage of the inner ice.*

Fig. 4,

* Bimilar contrivances have been used for measuring the relative quantities
of heat evolved by the combustion of different kinds of fuel. The following
table contains a few such results :—

Fuel of which 11b. is burned. [ 1b%: of oxvaen | - Ibs. of ice
Hydrogen . . g 8 320
Light carburetted l'n drﬂgen . 4 83
Heavy carburetted hydrogen 35 85
i S sty S s > 2-66 40
Wax . 4 14 126
Tallowg ool ffersal a1 111
Ether . . . 26 107
Naphtha . . 333 a7
Olive oil , = 3 93
Alechol . 3 2.1 58
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In fact, as long as the two outer vessels are kept constantly
supplied with melting ice from the top, they form a perfectly
insulating wall, through which no heat can pass, for as ice
cannot exist above 32° whatever heat enters it must be
employed in melting the first layer, and can proceed no further
if that layer be renewed. DBy means of the calorimeter, tables
of specific heat have been constructed, of which the following
is a specimen, It represents the specific heats of equal weights
between 82° and 212° :—

Water . . .o . IMODOOD Bram . o . s « » 0409391
0il of turpentine . . 042503 o Rt S M e i 1 0 &
Chareoal . . . . . 024150 Tl f v b shoaieinaas
Glass e a0 s . 1768 Mercury . . . . . 003332
Irpll et e x a ETETD Gold . . . . . . 003244
Zing . . « » . o 009555 Platinom ~. . . . 003243
Copper . . . . . 000155 Lead . . « « . . 003140

In the case of liquids the specific heat may be ascertained
by the method of mixtures. If a pound of mercury, for
example, at 40°, be mixed with a pound of water at 156°, the
temperature of the mixture will not be the mean, as in the
case of two portions of the same kind of liquid of different
temperatures, but as much as 152-3%; the water having lost
3:7° while the mercury has gained as much as 112:3°, If
these numbers be compared, we find that as 112:3° is to 3:7°,
so is 0:03332, the specific heat of mercury as given in the
above table.

The specific heat of gases is found by conducting them
from a vessel at 212° through a spiral tube surrounded by
cold water, which is thus raised in temperature ; and in this
way, by operating with different gases, different results are
obtained. In order to raise 11b. of water from 32° to 212°,
~ the same quantity of heat is required as will raise 4 Ibs. of
. atmospheric air the same number of degrees; hence the
specific \heat of air is one-fourth, or, more exactly, 002669
that of water. So, also, a pound of water in losing 1
degree would raise 4 lbs. of air 1 degree. On comparing
equal volumes the result is more striking; water is 770
times heavier than air, and a cubic foot of water, in losing 1
degree of temperature, would raise 770 X 4 = 3080 cubic
feet of air 1 degree. The very much greater capacity of water
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for heat over all other bodies, solid, liquid, or aerial, is of
considerable importance to the well-being of this globe. The
ocean thus acts in mitigating climate, since the heat of summer
is slowly given out during winter, so that islands and the
shores of continents enjoy a milder climate than the remoter
inland. The small specific heat of mercury allows it to become
quickly heated and quickly cooled, and thus renders the ther-
mometer gensitive. The mobility of air and its susceptibility
to heat render it liable to frequent change. When air is
suddenly compressed it gives out its heat, while its sudden
expansion produces cold. As the air ascends from the earth
it expands, its capacity for heat is inecreased, so that it cools
itself and surrounding bodies. Cold air, on the contrary,
descending from the upper regions, has its temperature raised
by condensation as it approaches the earth, without obtaining
a supply of heat from any other source. In this way parts of
the earth are rendered habitable, as on mountain slopes in the
equator, where the air from the burning sands below becomes
cooled by expansion in ascending, while the cold winds from
the snow-clad summits above become condensed and warmer
m descending.

When heat is added to a solid body, the first effect which
marks the increase of temperature is expansion ; that is, the
cohesive or attractive force becomes more and more opposed
by the repulsive force of heat ; the particles are consequently
separated to greater distances, and the temperature rises. At
a certain point, however, the temperature, as marked by the
thermometer, becomes stationary, and although the heat be
continually applied, the temperature does not rise. The solid
is now undergoing a change of state; it is passing from the
solid into the liquid state ; and no rise in temperature will be
observed until the whole of the solid has become liquid. The
point at which a body begins to fuse or melt, is called its
Jusing point, or point of liquefaction, and is different in different
substances. The quantity of heat absorbed by the body, and
unaccounted for, as far as the thermometer is concerned, is
called latent heat. 'When the body is liquefied, the tempera-
ture again begins to rise, until another point is attained, when
it again becomes stationary, and the liquid begins to pass.off
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in the form of vapour or steam. This point is called the
boiling point, and is also different in different substances., The
heat absorbed during the process of boiling or vaporisation is
also called latent.

If, for example, a quantity of snow, at the temperature of
zero, with a thermometer in it, be placed in a wvessel on the
fire, the temperature will be observed to rise to 32°; the
snow will then immediately begin to be converted into water,
and the thermometer will become stationary at 32° until the
whole of the snow is melted. This temperature, is, therefore,
the melting or fusing point of snow or ice, and the heat ab-
sorbed or rendered latent during the process, being that which
is necessary to produce liquefaction, is hence called also the
heat of liguefaction.

The amount of heat thus rendered latent may be ascer-
tained by placing in the calorimeter a pound of water at any
given temperature, and observing what weight of ice it dis-
golves in falling to some other temperature, In this way we
can ascertain that a pound of hot water, in falling through
about 142° will melt a pound of ice; and in general, any
given weight of water, in falling through 142° gives out
sufficient heat to melt its own weight of ice. When, there-
fore, ice is liquefied it absorbs and renders latent as much heat
as would be sufficient to raise its own weight of water from
32° to 32° X 142° = 174°. This large quantity of heat is
necessary to the liquid condition of water. It cannot exist with-
out it any more than ice can exist without giving it up. To
prove this, let a flask of water at 60° be immersed in mercury
at 30° below zero I, 7.e. at—30°; a thermometer, No. 1, in the
mercury will gradually rise, and a thermometer, No. 2, in the
water will fall until it reaches 32°, the freezing point of water ;
No. 2 will remain stationary while the water freezes; but
No. 1 will go on rising, showing that the water while freezing
is giving off heat to the mercury. When all the water has
become ice, No. 2 again begins to fall; but No. 1 still rises,
until its temperature is the same as No. 2. The latent heat
of the water is thus gradually made apparent, and.is given
out during the freezing ; and as the temperature of the ice is
the same as that of the water before it was frozen, or when
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No. 2 became stationary, the heat thus liberated must pass to
the mercury.

This liberation of heat during freezing mitigates the winter’s
cold and diminishes the thickness of the icy layer produced
by one night's frost, for as the water freezes on the surface,
one portion of the heat of liquefaction is given off to the air,
and another portion to the water below. So also during a
thaw, the ice in melting slowly absorbs its proportion of latent
heat, and the accumulated ice and snow of winter gradually
disappear. If ice were rapidly to absorb its latent heat, the
gnow and ice would liquefy too quickly, and terrible floods
would be the consequence ; but as the latent heat of water is
greater than that of any other body, it undergoes its changes
more slowly. The latent heat of water is 142:65°; that of
zine is 50°63° ; of silver, 37:92°; of tin, 25:65°; of sulphur,
16:85°; of lead, 9-65°; and of mercury, 511°,

When all the ice or snow in a vessel over the fire is melted,
the thermometer will rise from 32° throngh 180° until it
reaches 212° which is the boiling point of water under ordi-
nary atmospheric pressure. The thermometer again remains
stationary while the water is passing off in the form of steam,
This change of state from the liquid to the gaseous form
requires a large amount of heat to be absorbed and rendered
latent. If we note the time required to raise water from the
freezing to the boiling point, or from 32° to 212°, through an
interval of 180°, and then note the time required to boil away
the whole of the water, it will be found to be 54 times that
of the former; that is, if it require 5 minutes to raise the
thermometer 180°, or from freezing to boiling, it will require
274 minutes to boil away the whole of the water without any
rise of temperature. It is obvious, therefore, that during
this time, the water, in passing into steam, must have absorbed
180° x 51 =990° which is the latent heat of steam.

On condensing steam, the latent heat becomes apparent,
just as the latent heat of water does when it becomes solid.
It is this large amount of latent heat in steam which renders
it important as a heating agent: 1 gallon of water con=
verted into steam contains sufficient heat to raise 5% gallons
from 32° to 212°, Hence, steam made to circulate in pipes

D
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through a building is an efficient and economical source of
heat: 1 square foot of radiating surface in a steam-pipe
being, in general, sufficient for warming 200 cubic feet of
space. No other vapour contains nearly so much latent heat
as steam : 990° is perhaps in excess, but taking 9666 as the
more probable number at the boiling point of water, the
latent heat of an equal weight of alcohol atits boiling point is
374:9°; that of ether, 162-8°; and that of oil of turpentine,
133-2°, Equal bulks of different liquids give very different
volumes of vapour ; a cubic inch of water at 212° becomes
very nearly a cubic foot of steam at the same temperature,
expanding as it does into 1,696 times its volume. Aleohol
boils at 173°; a cubic inch of the liquid at 60°, expands into
528 cubic inches of vapour at its boiling point; ether boils at
05° and gives 298 cubie inches of vapour; oil of turpentine
boils at 214°, and gives 193 cubic inches of vapour. It is
this marvellous expansive force of steam, due in great measure
to the large quantity of vapour from so small a quantity of
liquid, that renders it so admirable a prime mover in the
steam-engine. Alcohol boils at a lower temperature, and
requires much less heat in becoming vapour, yet, were it as
cheap as water, it would not be so economical in the steam-
engine, on account of the comparatively small volume of
vapour produced by the liquid.

The sum of the latent and sensible heats in a body 1s very
nearly constant, For example, if water at 212° in changing
its state from the liquid to the wvaporous, absorbs 950° of
heat, water at 262° would absorb only 900° and water at
162° would absorb 1,000° the sum in all three cases being
the same, viz., 1,162°,

The quantity of vapour given off by different liquids at a
given temperature bears relation to their boiling points, the
most volatile liquid giving off the largest quantity of vapour.
The difference of volatility in different liquids may be measured
by sending a few drops of each liquid into tubes filled with
mercury, and standing in a cistern of that metal. As soon
as the liquid reaches the Torricellian vacuum it instantly
evaporates, and fills the space with vapour, which, by its
elasticity, depresses the mercurial column, and measures the
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elastic force, or the pressure of the vapour in question, at the
observed temperature : for high temperatures the barometer
tube can be enclosed in a wider tube filled with water, which
can be raised to the boiling point. The quantity by which
the mercurial column descends represents the length of the
column that the vapour would support. Thus, at 50° the
vapour of ether will support a column of rather more than
113 inches of mercury; while the wvapour of alcohol will
support less than 1 inch; and the vapour of water not much
more than } of an inch, At 212° the vapour of water snpports
30 inches of mercury; or, in other words, is equal to the
atmospheric pressure. Beyond this temperature it becomes
high-pressure steam, which at 230° will support a column of
mercury 42+45 inches high. In the following table, the first
column represents the temperature, and the other columns
the height of mercury in inches supported by the vapour of
the substance at the head of each column.

Temp. Fahr, Ether, Alcohol. Water.
Degrees. Inches. Inches. Inches,
— 4 2:725 0131 0036
=+ 14 4+ 356 0-256 0-082

o2 7176 0201 0-182

ol 11-278 0-048 0-361

68 17°117 1732 0-G56

86 25078 3-086 1-245
104 30971 o159 2168
122 49-920 8673 3631
140 68-121 13776 o874
158 90-02 21-228 0-201
176 116-03 32-000 13-998
194 153-50 46-860 20740
212 193-72 G6-330 20000
230 246-02 02:590 42-450
240 — —- 49-670
250 -_— — 08210
260 — — 6G7-730
270 -- - 77-850
290 — — 100-200
300 — —_ 111-810
320 — — 135000

It will be seen by this table that water and other volatile
liguids throw off vapour at very low temperatures when

D 2




52 BOILING AND EVAPORATION.

exposed to the air : this process is called spontaneous evapora-
tion. The liquid fills the space above it with vapour of a
fixed density and elasticity, depending on the temperature.
When the space can contain no more vapour at a given tem-
perature it is said to be saturated. The density of the vapour
at the given temperature has a certain fixed pressure, which
is measured by the column of mercury which it will support.
No more vapour can enter the space unless the temperature
be raised, and should the temperature fall, a portion of the
vapour will be condensed, and the remaining vapour will
expand so as to fill the original space and have a density and
elasticity due to the altered temperature. During evaporation
the vapour is supplied from the surface only of the liquid.
During ebullition or boiling, steam is formed at every part of
the liquid. In boiling, the vapour maintains the same
temperature, provided the pressure remain the same; but
evaporation may go on at all temperatures and pressures, the
quantity of liquid evaporated depending on the temperature
and the amount of surface exposed; or the pressure may be
increased or diminished, or removed altogether, without
affecting the result, or that quantity of vapour which can
exist in a given space at a given temperature ; the saturation
of that space requiring a longer time in proportion to the
density of the air contained in it; while in a vacuum the
saturation is instantaneous ; this is the only difference.

The amount of evaporation, however, is greatly influenced
by the motion of the air, which carries off the vapour from
the surface of a liquid as fast as it is formed. A strong wind
will cause twice as much vapour to be discharged as a still
atmosphere. Dalton ascertained the number of grains weight
of water evaporated per minute from a vessel 6 inches in
diameter, for all temperatares between 20° and 212° when
the air was still, or in gentle or brisk motion. When the
water was at 212° the quantity evaporated was 120 grains
per minute in a still atmosphere ; 154 grains per minute
with a gentle motion of the air, and 189 grains per minute
with a brisk motion of the air. The following is an extract
from his table between the temperatures of 40° and 60° :—
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_ Force of vapour Wn i e i
S (| graing of watee,
Degrees. Still. | Gentle, | Brisk,
40 0-263 1-05 135 1-65
42 283 1-13 145 178
41 =305 122 1-57 1-92
46 327 1-31 1'G8 2:06
48 351 1-40 150 2:20
ot 370 1:50 1-92 2+36
o2 401 1-G0 2-06 2-51
o4 424 1-71 2-20 2:69
ob 403 1-83 2:35 2-88
o8 *4900 196 252 308
60 524 210 2:70 330

The amount of gpontanecous evaporation is also greatly
influenced by the quantity of vapour already existing in the
air. In order to find this, we must ascertain the dew point
of the air, or the temperature at which the vapour in the air
begins to condense, and then, by referring to the table, the
quantity of vapour in the air at the time can be found, and
this, deducted from the quantity shown by the table to be
given off at the ascertained temperature of the evaporating
liquid, will give the quantity of water that will be evaporated
per minute. In finding the dew point, the wet and dry bulb
thermometers may be used, with reference to the Hygrometric
Tables issued by Mr, Glaisher, which give the dew point
when the temperatures are known. The principle of the
hygrometer is to bring some colder body into the air, or have
the meauns of cooling some body to such a point as shall just
condense the vapour of the air upon its surface. Dr, Dalton,
adopting Le Roi's method,* used a very thin glass vessel,
into which hie poured cold water from a well, or cooled down
the water by adding a small portion of a freezing mixture.
If the vapour were instantly condensed, he poured out the
cold water, and used some a little warmer, and so on, until
he could just perceive a slight dew upon the surface. The
temperature at which this took place was the dew point, In

# See © Experimental Essays” in this series—Eseay iii,
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Daniell’s hygrometer, the cold is produced by the evaporation
of ether., Now, suppose the dew point of the air to be 40°,
and the temperature of the air and of the evaporating liquid
to be 60° with a still atmosphere, the vapour in the air, as
shown by the table at 40°, is 1‘05 grains, which subtracted
from that at 60° or 2:10, gives 1'5 grains per minute as the
quantity of vapour given off from a surface 6 inches in
diameter,

During the spontancous evaporation of wet surfaces, a
considerable degree of cold is produced by the quantity of
heat rendered latent by the formation of the vapour, and the
heat is mostly derived from the liquid itself, or the surface
containing it. DBy proper contrivances, water may be frozen,
in consequence of the abstraction of heat during the rapid
formation of vapour. When a person takes cold from wearing
wet clothes, the vapour from the clothes obtains its heat
from his body, and the chilling sensation is often the greater
the warmer the air. A person with damp clothes, entering
a room filled with hot dry air, is very likely to take cold, on
account of the powerful effect of warm air in abstracting
moisture.

In a badly ventilated room, the moisture from the’ breath
of the inmates, and from the combustion of lamps and candles,
accumulates nearly to the point of saturation. This is well
gshown by an experiment of the late Professor Daniell. The
temperature of a room being 45° the dew point was 39°; a
fire was then lighted in it, the door and window were shut,
and no air was allowed to enter ; the thermometer rose to-55°,
but the point of condensation remained the same. A party
of eight persons afterwards occupied the room for several
hours, and the fire was kept up ; the temperature rose to 58°,
and the point of condensation rose to 52°. Now, if this room
had been properly ventilated, the vapour would have been
removed as it was formed, and with it the effluvia and impure
air.

We have given in this Introduction a few of the leading
phenomena and laws of heat, which we think must be suffici-
ently impressive for every thoughtful reader, without reference
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to the nature or cause of heat. Science is most efficient in
investigating the laws of phenomena rather than the causes of
things ; but still it is impossible to repress speculation as to the
nature of the forces with which we are constantly dealing,
and this speculation, with minds of a high order, may some-
times take the place of induction, and lead to very important
results. Thus, heat has been supposed by some to be a very
subtle fluid, capable of penetrating and combining with matter
so as to produce latent and sensible effects ; while heat has
been supposed by others to be a kind of molecular motion,
which may be generated by friction, percussion, compression,
combustion, &e.

Let us examine this dynamical or mechanical theory of
heat a little more closely. Philosophers suppose matter to be
everywhere penetrated by a highly elastic ether which fills
all space, and connects star with star, as well as atom with
atom, The atoms which form a mass of matter are held
together by cohesion, while at the same time they vibrate
across their positions. Such vibrations are communicated to
the elastic ether, and the vibrations of the ether are also com-
municated to the atoms. Friction or percussion, or the contact
of a heated body, increases the amplitude of the vibrations of
the atoms, and the body expands, while the ether which fills
the interatomie spaces is also in a state of vibration, and resists
the force of attraction on the part of the atoms of matter.
Regarding heat as a mode of motion, temperature may be
raised or lowered by inereasing or diminishing the rates of
vibration of the particles. A cold leaden bullet, on a cold
anvil, struck with a cold sledge hammer, becomes heated ;
“and could we gather up all the heat generated by the shock
of the sledge, and apply it without loss mechanically, we
ghould be able by mecans of it to lift the hammer from the
height to which it fell.”

Heat, then, as a mode of motion, i1s but an illustration of
that great principle of the conservation of jforce which per-
vades modern science, based on such ideas as these—namely,
that the amount of force in the universe is fixed and definite;
that the creation of force by human agency is as impossible
as the creation or destruction of maftter ; and that all forces
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are mutually convertible—heat passing into motion, and
motion disappearing, to appear again as heat, or light, or
electricity.

We cannot better illustrate this theory than by stating the
experimental facts and the reasoning by which the equivalent
of heat was determined, or, in other words. how much heat is
represented by a given amount of motion, and how much
motion can be produced from a given amount of heat. For
the following details we are indebted to Professor Tyndall's
charming volume already referred to.

It is known that a gaseous body expands zlgth of its
volume for every degree of Fahrenheit, or 15 for every
degree of Centigrade; so that a cubic foot at zero C.,
| A on being heated to 1° becomes 100367 cubic
feet, or, expressed in other language—

1 vol. at 09 C becomes 1 4 00367 at 1°C.
5 a2, o 1400867 %2

“ o mbas l 1p 00307 e 8

and so on. The constant number ‘00367 is the
fraction of its own volume which a gas at 0° or
the freezing point, expands on being heated 1°;
it is the coefficient of expansion of the gas. If
Fahrenheit’s scale be used, the coefficient will be
A smaller, in the proportion of 9 to 5.

| | Let A B, Fig. 5, be a tall cylinder, 1 inch square,
“=HP filled with air, closed at the bottom and open at
I the top, with a piston, p, moving in it, air tight
| and without friction ; which piston it is supposed
shall weigh 21bs. 1 0z. Suppose the piston at p to
| be 273 inches above the bottom, B, of the cylinder.
Let the air beneath the piston be at the tem-
perature of 0° C.; on heating the air from 0°
to 1° C. the piston will rise 1 inch, and will
|| | now stand at 274 inches from the bottom. If the
l | temperature be raised 2°, the piston will stand at
|| 275 inches ; if 39 at 276 ; if 10°, at 283 ; if 100°,

—IB it will stand 373 inches above the bottom. If the

Fig. 5. temperature were raised to 273° C., 273 inches
would be added to the height of the column; or, in other
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words, by heating the air to 273° C., its volume would be
doubled.

In this experiment the gas evidently does work. In ex-
panding upwards it has to overcome the atmospheric pressure
of 15 1bs. on the square inch, together with the weight of the
piston, which is 21bs. 1 0z. The section of the eylinder being
1 square inch, the gas, in expanding from p to a, does an
amount of work equivalent to raising a weight of 17 lbs. 1 oz.,
or 273 oz., to a height of 273 inches. The effect, indeed, is
the same as if the air above the piston were abolished, and a
piston weighing 273 oz. were used.

Now, suppose that instead of allowing the gas to expand
by heat, its volume be made constant by increasing the pres-
gare ; suppose the initial temperature to be 0° C. as before,
and the pressure also the same as before—that is 273 oz.; if
we heat the gas from 0° to 1° C., a weight of 1 oz. additional
is required at p to keep the pressure constant; this angmen-
tation of 51, then, is the measure of the elastic force of the
gas. If we heat 1t 2°, 2 oz, additional are required to keep
the volume constant; and so on up to 273%, when an addi-
tion of 273 oz. i1s requisite ; in short, the original pressure
must be doubled, in order to keep the volume constant.

In both these experiments the quantity of matter heated
is the same, and the temperature to which it was raised was
in both cases the same ; the quantities of heat, however, are
very different. Suppose that in order to raise the tempera-
ture of the gas at a constant volume 273° 10 grains of com-
bustible matter were required, then, in order to raise the
temperature of the gas, the pressure of which must be kept
constant, an equal number of degrees would require 141
grains of the same kind of fuel. The heat produced by the
additional 4} grains in the latter case is entirely consumed in
lifting the weight. Now, the quantity of heat applied when
the volume 1s constant is, to the quantity applied when the
pressure is constant, in the proportion of 1 to 1'421. From this
fact the mechanical equivalent of heat was first calculated. Its
value may be determined somewhat in the following manner :
—Let ¢, Flig.6, be a cylindrical vessel with a base 1 square foot
in area; let p p mark the upper surface of a cubic foot of air

n 3
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at the temperature of 32° Fahr. or 0° . The height A p will
then be 1 foot. Let the air be heated until its volume is doubled.
P’ It will require it to be raised 203° C., or
490° Fahr. in temperature, and when ex-
panded its upper surface will stand at p' p',
1 foot above its former position; but in
rising from p p to p' p’, it has forced out
r P the atmosphere, which exerts a pressure of
15 1bs. on every square inch of its upper
€ surface ; in other words, it has lifted a
weight of 144 X 15 = 2,160 lbs. to a
height of 1 foot. The capacity for heat
A of the air thus expanded is 0'24, water
Fig. 6. being unity. The weight of the cubic
foot of air-is 1'29 oz, hence the quantity of heat re-
quired to raise 1'29 oz. of air 490° Fahr, would raise a
little less than 1 of that weight of water 490° Fahr. The
exact quantity of water equivalent to the 1-29 oz. of air, is
1:29 % 024 = 031 oz.; but 031 oz. of water heated to
490°, is equal to 152 oz., or 94 Ibs. heated 1°. Thus the heat
imparted to a cubic foot of air, in order to double its volume,
and enable it to lift the weight of 2,160 lbs. 1 foot high,
would be competent to raise 911bs. of water 1° Fahr. in
temperature.

* The air has been heated under a constant pressure, and we
have seen that the quantity of heat required to raise the tem-
perature of a gas under constant pressure a certain number
of degrees is, to that required to raise the gas to the same
temperature when its volume is kept constant, in ‘the pro-
portion of 142 to 1; hence we have the statement—
1'42: 1 = 951bs.: 6:71bs. This shows that the quantity of
heat necessary to angment the temperature of the cubie foot
of air of constant volume 490°, would heat 67 1bs. of water 1°;
deducting 6:7 lbs. from 9'51bs., we find that the excess of
Leat imparted to the air in the case where it is permitted to
expand is competent to raise 2'8 1bs. of water 1° in tempera-
ture. As already explained, this excess has been employed
to lift 2,160 lbs. 1 foot high. Dividing 2,160 by 2'8, we find
that a quantity of heat sufficient to raise 11b, of water 1° Fahr.

P




APPLICATIONS OF THE NEW THEORY. 590

in temperature is competent to raise a weight of 771'4 1bs. a
foot high.* '

Quitting this part of the subject, it will be instructive to
show how the doctrine of specific and latent heat is taught
by the new theory,

Take a piece of metal—lead for example—and apply to it
a certain amount of heat. The heat is disposed of in twc
distinet ways—one of which is to impart that kind of motion
to the particles by which the temperature is raised, and
which is sensible to the thermometer ; while another portion
of the heat is expended in forcing the atoms of the lead into
new positions, and this portion is lost as heat. In thus moving
the particles into new positions, a portion of the heat ir
expended in performing ¢nterior work; and as the body cools,

# According to Dr. Tyndall, this method of calculating the equivalent of heat
was first indicated by Dr. Mayer, a physician at Heilbronn, in Germany, i1
the spring of 1842. In August, 1843, Mr. Joule communicated a paper to
the British Association at Cork, in which he deseribes a series of experiment?
on magneto-electricity, executed with a view to determine the mechanica’
value of the heat. In 1849 he obtained the following number for the
mechanical equivalent of heat:—

772:692 from friction of water, mean of 40 experiments.
T74-083 i mercury ,, 50 £
T74-087 » cast-irom ,, 20 W

For reasons assigned in his paper, Mr. Joule fixes the exact equivalent ok
heat at 772 lbs.,, which is almost identical with Mayer’s equivalent. In
adjusting the claims of Mayer and Joule, it must be remembered that if
Mayer started the theory, it was Joule who did the work, and established the
theory on an experimental basis. The idea, however, that heat is not a fluid,
but only a motion, is at least as old as Bacon and Locke ; while Rumford and
Davy showed, by experiment, that motion is convertible into heat. Carnot,
Grove, Clausius, Helmholtz, Holtzmann, Rankine, and Thomson, may all be
named as worthy labourers in the field ; but the discovery of the exaect
equivalent of heat—that is, how much heat is represented by a given amouni
of motion, and how much motion can be produced from a given amount of
heat—must we think, be shared between Mayer and Joule. Professor Tait,
however, expresses his opinion that most of the results obtained by those who
have worked at the dynamie theory of heat must rest on hypothetical grounds
until we know more of the intimate structure of matter and the kind of motion
to which heat belongs. “ The general principle of the conservation of energy
is founded on the exact determination of relations of equivalence betweca
the various forms of energy, and especially between heat on the one hand
and each of the others in suceession. This was begun by Joule in 1840, and
had already produced a vast amount of important results before the appear-
ance of Mayer’s first paper.” Professor Tait denounces the analogy as false
between the falling together of material masses by gravitation, and the con
densation of a gas by the external application of mechanical force. See
Lhilosophical Magazine, 1863,
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the forces which were overcome in separating the particles to
a greater distance again resnme their sway, and act by draw-
ing the particles nearer together.

In gaseous bedies it is probable that the elementary atoms,
whether different in size and weight, if of the same tempera-
ture, possess the same amount of energy called heat, the
lighter atoms making good by velocity what they want in mass.
The atomic weight of hydrogen is 1, that of oxvgen by the
new theory 16 ; so that a pound of hydrogen would contain
sixteen times the number of atoms that a pound of oxygen
would, since the number of atoms in a pound weight is
inversely proportional to the atomic weight. Hence, in order
to raise a pound of hydrogen 10° say from 50° to 60°, six-
teen times more heat would be required than to raise a similar
weight of oxygen 10° So also a pound of hydrogen, in
falling through 10°, would yield sixteen times more heat than
a like weight of oxygen in falling 10°, But in gaseous
bodies there is no interior work, since there are no molecular
attractions to be overcome. In solids and liquids, on the
contrary, not only are there more atoms present in a given
weight, but there are differences, due to the consumption of
heat in interior work, and these differences represent the
.speeific heats of bodies, or their capacity for heat, as it was
formerly expressed, under the idea that some bodies were
capable of holding a greater store than others of heat, consi-
dered as a fluid.

The nature of this interior work is further illustrated in the
case of water just above and just below its point of maximum
density, when it occupies the same bulk, thongh containing
very different quantities of heat. * Suppose a pound of water
heated from 34° C. to 41° C.—that is 1°—its volume at
both temperatures is the same; there has been no forcing
asunder of the atomic centres, and still, though the volume 1s
unchanged, an amount of heat has been imparted to the water
sufficient, if mechanically applied, to raise a weight of 1,390 lbs.
a foot high.* The interior work done here by the heat can be
nothing more than the turning round of the atoms of water.

* 772 foot pounds being the mechanical equivalent for 1° Fahr., 1,300 1bs.
will be the equivalent for 1¢ C.
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It separates the attracting poles of the atoms Dy a tangential
movement, but leaves their centres at the same distance
asunder, first and last.”

This interior work, then, may not consist in producing
expansion, or pushing the atoms further apart, but may actu-
ally draw them closer together, as when they are thrown into
that condition of polarity in which we suppose them to be when
it separates two surfaces highly charged with opposite elec-
tricities, or when the particles of the magnet show equal
and opposite forces at their extremities, or when the particles
of a saline solution become built up into some regular crystal-
line form ; that is the kind of interior work which we may
suppose is here referred to.

When a body changes its state, as when ice melts, as much
heat enters it as would suffice to raise the same weight of
water 143° Fahr. in temperature ; and when a pound of
water at 2127, becomes a pound of steam at the same tempe-
rature, 967 times as much heat is required as would raise
a pound of water 1° Fahr. in temperature. The heat thus
lost, as far as the thermometer is concerned, is said to have
become latent. Professor Tyndall says: “ The fiction was
invented that it was rendered latent:” but we cannot help
remarking that such an expression as “internal work,” is
quite as much a fiction as that of “latent heat.” Professor
Tyndall's ingenious explanation of some of the phenomena
which we have been discussing in this Introduction is briefly
as follows. Referring to latent heat, he says :—

“ The fluid of heat hid itself in some unknown way in the
interstitial spaces of the water and of the steam. According
to our present theory, the heat expended in melting is con-
sumed in conferring potential energy upon the atoms. It is
virtually the lifting of a weight. So, likewise, as regards
the steam, the heat is consumed in pulling the liquid mole-
cules asunder, conferring upon them a still greater amount of
potential energy; and when the heat is withdrawn, the
vapour condenses, and the molecules again clash with a
dynamic energy equal to that which was employed to separate
them, and the precise quantity of heat then consumed now
Yeappears.
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“The act of liquefaction consists of interior work—work
expended in moving the atoms into new positions. The act
of vaporisation is also, for the most part, interior work; to
which, however, must be added the external work performed
in the expansion of the vapour, which makes place for itself
by forcing back the atmosphere.”

NotE (page 43).—It was until lately supposed that all gases were equally
diathermanous or transparent to the heating rays—for such distances, at least,
as were under control in ordinary physical experiments. Thus Melloni found
no sensible interception of heat in a distance of 18 or 20 feet of atmospheric
air. It is very different with compound gases and vapours, as has been
recently shown by the experiments of Tyndall. When the source of heat is
a cube of copper filled with boiling water, and the column of gas 4 feet in
length, the absorptive power of different gases is expressed by the following
numbers :—

Air, oxygen, nitrogen, and | Nitrousoxide . . . . 355
hydrogen—each . . . 1 | Sulphuretted hydrogen . 390
CHIOERE & . s s = o o | Marghgas .. G Lo d0@
Hydrochlorie acid . . . 62 | Sulphurousacid . . 710
Carbonie oxide and car- Olefiantgas . . « . « 970
bonic acid—each , . . 90 | Ammonia , + . . . .1195

The absorptive power of vapours for rays of obscure heat is also remarkable,
and the results have thrown a new light on certain cosmical phenomena.
For example—it has been supposed that organic life could scarcely exist in
planets most distant from the sun, on account of the low temperature pre-
vailing there, the heat diminishing according to the law already explained
(page 87). In such a surmise, however, the influence of a gaseous and
vaporous envelope surrounding the planet has not been taken into account.:
The sun’s rays, passing into such an atmosphere, would be partly retained by
absorption, and thus prevent the cooling of the planet by radiation into
space. The absorbent effect of the vapour in the earth’s atmosphere is such,
that its removal, for a single summer night, from the atmosphere which
covers England, would be attended by the destruction of every plant which
a freezing temperature could kill. The perfumes of many flowers have a
remarkably high absorbent action for the obseure rays of heat. An atmos-
phere scented by the essential oil of patchouli had an absorbent action
expressed by 30; with lavender it was €60; with eassia, 109; with aniseed,
372; so that the perfume of a flower-bed absorbs a large proportion of the
radiant heat of low refrangibility that falls upon it.

Regarding the earth as a source of heat, at least 10 per cent. of its heat is
intercepted by the aqueous and other vapours within 10 feet of the surface.
Tyndall has also shown that the most powerfully absorbent gases are also the
best radiators—a law which has long been established in the case of solids.
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PART 1.
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CHAPTER 1.

ON THE METHODS OF WARMING HOUSES BY MEANS OF OPEN
FIRE-PLACES, ETC., BEFORE AND AFTER THE INTRO=-
DUCTION OF CHIMNEYS.

SoME instructive results may be obtained from the inquiry,
how far the physical structure and mental characteristics of
men are influenced by the comparative scarcity and abund-
ance of some of the prime necessaries of life. The unequal
distribution of solar heat over the earth is the cause of
marked differences in national character ; and where an arti-
ficial in-door climate is required, the ease or diffienlty with
which fuel is procurable has a great effect in promoting or
interfering with the health and personal comforts of nations ;
and these, by a reflex action, contribute much to the forma-
tion of character. It has been remarked, that formerly the
county of Buckingham being overgrown with wood, it was
thought necessary to clear it away, on account of the refuge
it afforded to the numerous robbers who infested the distriet.
The people being thus deprived of fuel, became in the course
of time stunted in growth and dulled in intelligence ; until,
by the extension of inland navigation, fuel became cheap, and
then the inhabitants began to improve. In the county of
Lancaster, on the contrary, the great abundance and cheap-
ness of fuel were extremely favourable to health and comfort,
and hence, according to Sir Gilbert Blane, the Lancasterians,
especially the females, have become noted for their well-formed
persons and handsome faces. In Yorkshire, and other parts
of England where fuel is abundant, the people are generally
well-grown, healthy, and intellizent, and their average height
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is sald to exceed that of the inhabitants of other parts. of
England where fuel is scarce. The Norwegians are generally
well lodged, each house being furnished with glass windows,
and an iron &akle or stove ; and on this account they are a better
grown race than the North-Western Highlanders of Scotland,
who procure their fuel with difficulty, and consume it in a
rude and unthrifty manner. In France, where fuel is searvce,
the average height of a man does not exceed 5 feet 4 incues;
in the Netherlands, where fuel is more abundant, the average
height is & feet 61 inches; and in England, where fuel is
cheap and abundant, the average height is upwards of 5 feet
9 inches; in Sweden, where wood is as abundant as our coal,
the peasants are tall, vigorous men, notwithstanding their
uncleanly habits and the rigour of the climate.

I think it is Dr. Franklin who remarks, that where fuel is
dear, working people live in miserable hovels, and are ragged,
and have nothing comfortable about them ; but where fuel is
cheap, or managed to advantage, they have decent habita-
tions, and are well provided with necessaries. The obvious
reason is, that the working hours of such people are the
profitable ones, and they who cannot afford sufficient fuel
have fewer such hours in the day than those who have it
cheap and plentiful ; for much of the domestic work, whether
of women or men, that requires but little bodily exercise, can-
not well be performed when the fingers are numbed with cold.
Poor people, therefore, in cold weather, go to bed earlier,
and lie longer in the morning than they would do if they
had good fires to sit by ; so that their hours of work are not
sufficient to produce the means of comfortable subsistence.

The comparative scarcity or abundance of fuel will, of
course, greatly determine the method of creating an artificial
climate within doors. In some parts of China, where fuel is
scarce, the people secure themselves from the cold of winter
by warm clothing, and this is probably a safer method even
than our own, because with them the defence is constant and
uniform, while our in-door clothing is thin, and we rely for
warmth upon an atmosphere heated to the temperature of
summer. If the person be well clothed, the coldest atmos-
phere can be breathed with safety, and its effect is often
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highly exhilarating, as in skating on the ice or in walking
briskly. We often enjoy the warmth of a bed while breathing
an atmosphere cold enough to freeze the water in the ewer.
Hence it is better, as Dr. Arnott remarks, to clothe so as to
feel comfortably warm in a room heated to 60°% or 62° as a
steady temperature, which it would not be dangerous to enter
or to leave, than to dress lightly in a room heated by a common
fire to 707, or more, and which is liable to sink to 50°, or less.

In Normandy, where the cold of winter is severe, and fuel
expensive, the lace-malkers, in order to keep themselves warm,
and at the same time to save fuel, agree with some farmer,
who has cows in winter quarters, to rent the close sheds. The
cows are tethered in a row on one side of the shed, and the
lace-makers sit cross-legged on the ground on the other side,
with their feet buried in straw. The cattle, being out in the
fields by day, the poor women work all night for the sake of
the steaming warmth arising from the animals. An analogous
practice is recorded of the Nottingham lace-makers, who are
said at one time to have been in the habit of ecrowding together
in a small room for the sake of the heat engendered by their
breath, in spite of the poisonous atmosphere thus produced.

The Laplander, during eight months of the year, inhabits
a little hut with a small hole in the centre of the roof for the
admission of light and the escape of smoke, and obtains heat
from a smoky lamp of putrid oil, as the Esquimaux does in
his hut of snow. The effect of this arrangement is, that
the Laplanders are commonly afflicted with blear eyes. The
Greenlander builds a larger hut, and contrives it better, but
it 1s often occupied by half a dozen families, each having
a lamp for warmth and for cooking, and the effect of this
arrangement, according to the remark of a traveller, “is to
create such a smell, that it strikes one not accustomed to it to
the very heart.” It is to be feared that a similar effect would
be produced on any one of our readers were he to enter the
huts of some of the Irish and Scottish peasantry, or even the
rooms of the poor in our large towns.

The method of obtaining warmth in Persia is scarcely an
improvement on the smoky lamp of the Laplanders and Green-
landers. A large jar, called a kourcy, is sunk in the earthen
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floor, generally in the middle of the room. This is filled with
wood, dung, or other combustible ; and when it is sufficiently
charred, the mouth of the vessel is shut in with a square
wooden frame, shaped like a low table, and the whole is then
covered with a thick wadded quilt, under which the family,
ranged around, place their knees to allow the hot vapour to
insinuate itself into the folds of their clothing ; or when they
desire more warmth, they recline with the quilt drawn up to
their chins. The immovable position necessary for receiving
the full benefit of the glowing embers is inconvenient; and
the effluvia from the fuel is nanseous and deleterions. Head-
ache is produced, and, from the number who sleep entirely
under the quilt at night, suffocation is not an uncommon
accident. 'The kourcy also serves for an oven, and the pot
is boiled on its embers. This rude and unwholesome method
is adopted in the noblest mansions of the cities, as well as in
the dwellings of the poorer classes; only, in the former, a more
agreeable fuel is burnt, and the ladies sit from morning till
night under rich draperies spread over the wooden cover,
endeavouring to overcome the soporific influence of the foul
air by occasional cups of coffee, or the delightful fumes of
the Lalioum.

The burning of fuel in the midst of an apartment is by no
means confined to nations whom we are in the habit of calling
barbarous and uncivilised. In Seville and other parts of
Spain, preparations for winter are made about the middle of
October. The lower summer apartments are stripped of their
furniture, and the chairs and tables are removed to other
rooms on the opposite side of the court. The brick floors
are covered with thicker mats than those used in the warm
geason. A flat and open brass pan, about 2 feet in diameter,
raised a few inches from the ground by a round wooden
frame, on which those who sit near it may rest their feet, is
used to burn a sort of charcoal, made of brushwood, called
cisco. The carbonic acid given off by this fuel is injurious
to health; but such is the effect of habit, that the natives
do not refer their ailments to the stifling fumes of their
braziers.

The charcoal brazier is a very ancient method of warming
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an apartment ; the Greeks and other nations commonly used
it, and sought to correct the deleterious nature of the fumes
by burning costly odorous gums, spices, and woods.

The braziers of the Romans were elegant bronze tripods,
supported by satyrs and sphinxes, with a round dish above for
the fire, and a small vase below to hold perfumes. A kind of
close stove was also used : but, in either case, the smoke was so
considerable that the winter rooms were differently furnished
from those appropriated to summer use. The former had
plain cornices, and no carved work or mouldings, so that the
soot might be easily cleared away. In order to prevent the
wood from smoking, the bark was peeled off, and the wood
kept long in water, and then dried and anointed with oil.
It is not, however, evident how this plan should prevent the
smoke of the burning fuel.

The great convenience of the brazier, and the apparent
cleanliness of the fuel,* are arguments in favour of its continued
use even in our own day. A visitor to some of our beautiful
cathedrals in winter, during the time of divine service, Salis-
bury Cathedral for example, will be astonished to see on the
floor of the choir two or three enormous braziers full of live
charcoal ; a peculiar odour arises from them, and pervades the
building ; a pleasing sensation creeps over the whole frame,
and the tendency to sleep is often irresistible ; persons troubled
with cough cease to cough, and an unusual effort is required
when the service is over to rise and quit the building. 'The
enormous size of the enclosure prevents any fatal effects from
the abundant evolution of earbonie acid, nor have we ever
heard of any well-authenticated case of injury to any one;

# Charcoal has this advantage over gas, aleohol, oil, and every kind of fuel
that contains hydrogen, namely, that the products of combustion are dry;
whereas, if hydrogen is present in the fuel, water is always formed in consider-
able quantity, every 1 part of hydrogen producing 9 parts of water. This is
of importance in some cases, as in lecturing on a subject requiring dry
apparatus, such as electrieity, in the presence of a large audience, in a spacious
theatre. Under such circumstances a small pan of live charcoal, resting on a
large tile, and covered with a plate of copper placed under the prime con-
ductor, will allow experiments to be performed with success even on a rainy
day. A similar arrangement with asmall gas stove is not so effectnal, for the
reason above stated. Some further illustrations of this kind will be given
when we come to speak of the ventilation of lighthouses.

t This description applies as forcibly now as when it was written thirteen
years ago, in the first edition of this work.
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but a very little consideration will show that, in a smaller
space, such as a room, this primitive method of obtaining
warmth might lead to dangerous consequences. A single
pound weight of charcoal consumes in burning 2+% lbs. weight
of oxygen, which is the quantity contained in between 13 Ibs.
and 14 1bs. weight of atmospheric air. Now, a good-sized
room, 20 feet by 13 feet, and 10 feet high, does not contain
more than about 200 lbs. weight of air, and as the combustion
of 11b. of charcoal produces 3:% lbs. of carbonie acid, which,
by mingling with the rest of the air of the apartment, renders,
at least, 36 1bs, weight of air unfit for respiration, making in
all about 50 lbs. weight of air, it follows that, in such a room,
the air will require, for healthy respiration, to be renewed
many times an hour.

The fatal effects of the charcoal brazier, in a close room, are
too frequently illustrated in the deaths of suicides, and some-
times In accidental deaths, as recorded in our newspapers.
Some years ago, a picture dealer, near Hanover Square,
availed himself of this means of destruction. We have been
told of a case where two servants, who slept on the ground-
floor, took a pan of charcoal into their bedroom one cold
night, and were both found dead next morning. But, per-
haps, the most remarkable case of self-murder, by this means,
is that of the promising son of Berthollet, the celebrated
chemist, seeing that the fatal act was conducted with all the
method and precision of a scientific experiment. This young
man became affected with great mental depression, which
rendered life insupportable to him. Retiring to a small
room, he locked the door, closed up every chink and crevice
which might admit fresh air, carried writing materials to a
table, on which he placed a seconds’ watch, and then seated
himself before it. He now marked the precise hour, and
lighted a brazier of charcoal before him. He continued to
note down the series of sensations he then experienced in
succession, detailing the approach and rapid progress of deli-
rium, until, as time went on, the writing became larger and
larger, more and more confused, and at length illegible, and
the writer fell dead upon the floor.

In many trades the workmen are habitually exposed to the
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fumes of burning charcoal: bookbinders, engravers, cooks, &e..
suffer much in health from this cause; and itis rare to find
that any means are taken to ventilate the places in which they
work. The use of gas is, however, in many cases super-
seding that of charcoal, and the change is most desirable.

In addition to the brazier, the ancient Romans were ac-
quainted with flues for warming rooms and buildings; but
as these were costly contrivances, their use was confined to
the wealthy. These flues, forming what was called the Aypo-
caustum, were conducted below the floor of the room intended
to be warmed. The hypocausts were of two kinds—the first,
constructed with flues running under the floor, and heated
from a fire-place on the outside of the building; and the
second kind formed like a low chamber, having its ceiling
supported by small pillars or by dwarf walls, and sometimes
with flues, leading from them to other apartments. The
hypocaust discovered at Lincoln, of which Figures 7 and 8 are
a ground plan and a section, will explain this construction.
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Figs. T and 8&—Cround plan and scction of anefent hypocaust at Lincoln.
This hypocaust was 241 feet long and 9% feet wide; if

contained four rows of brick pillars, aa, ce, two of which
were square and two circular. The square pillars, a a, were
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8 inches on the side and about 9 inches apart; the circular
ones, ¢ ¢, were 11 inches in diameter. Each pillar rested on
a brick or tile for its base, and another tile formed its capital ;
thus muking its height, which was that of the heating
chamber, about 26 inches. The ceiling of the hypocaust
was formed of large bricks ; on them were placed courses of
tiles, bedded in mortar, and on them a layer of stucco, to form
the floor of the room z to be heated ; the entire thickness of
the floor being about 10 inches. The fire-hearth was at ¢;
and the flame and smoke passed through the arched cavity or
throat of the furnace finto the hypocaust. Two flues, m n,
opened into the hypocaust; the flue m, which probably con-
ducted the smoke and hot air under some other apartment,
was about 6 inches high and 14 inches inside; its bottom was
raised about 2 inches above the floor of the hypocaust. The
flue » was about 6 inches square, and placed as much under
as above the floor of the hypocaust; this seems to have been
a smoke flue. The position given to these flues was probably
intended to retain at all times the hottest portion of the vapour
in contact with the ceiling of the hypocaust. The floor of the
prefurnium was 18 inches under the level of the floor of the
hypocaust, The large space provided for the combustion of
the fuel, and the entrance of air, was necessary for conveying
a heated current through the flues, as the Romans were unac-
quainted with the method of procuring a draught by the use
of a chimney. BSome approach, however, appears to have
been made towards the invention of a chimney, for Vitru-
vius, in describing the construetion of the hypocaust for heat-
ing the calidarium or sweating-room of a bath, directs that
the floor be made inclining, so that a ball placed on any
part of it would roll towards the fire-place, by which means
the heat would be more equally diffused in the sweating-
" chamber.

The hypocaust is well known to the Chinese, and is in
common use about Pekin, where the winter climate is severe.
The houses of the better class are built with double walls and
with hollow flues extending beneath the floors. The fire-
place is constructed either against the exterior wall of the
apartment to be heated, or in an inferior room adjoining ; by
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which means the annoyance from dust and smoke are avoided,
as well as the inconvenience of servants entering the room to
attend to the fire. From the fire chamber proceeds a main
flue, which is connected with the horizontal flue, a b, (Fig. 9).
From this another flue, ¢ d, proceeds at right angles to about
three fourths of the extent of the room ; these flues are per-
forated with holes at proper distances, in order to give out

= ;1 the smoke and heated air equally
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Fig. 9.—Chinese hypocaust.  flagstones, neatly embedded in
cement, so as to prevent the escape of the smoke or heated
air from the flues beneath into the room ; these stones or
paving tiles, resting on blocks of stone or bricks, may be of
any thickness required for the extent of the air flues which
are employed. By this contrivance, the heat, coming in con-
tact with every part of the floor, is uniformly diffused over
the apartment. The floors, also, being very imperfeet con-
ductors of heat, being once sufficiently heated by the flues,
and the apertures of the main flues outside being stopped,
retain a sufficient heat for domestic comfort during many
hours. The paving tiles of the rooms are often made of
ornamental poreelain ware of considerable thickness. Even
the benches and sleeping places are warmed by this contriv-
ance. These are built hollow, with bricks, in the form of a
square bench, or oblong bed; and communicating with the
flues, or having their own separate flue, are thus heated.
Those who dislike lying on the hot bricks, or on the felt mat
that is spread over them, suspend from the ceiling over the
heated bench a kind of hammock, made of coarse cloth; and
thus they enjoy warmth and repose. In the morning, the
bed places are covered with carpets and inats, on which the
inmates sit.

The ingenious economy of the Chinese (from which we
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might often borrow a useful lesson) prevents the flues from
becoming choked by soot. Instead of employing pit coal of
good quality, they make use of the inferior or small refuse
coal for this purpose, and mix it with a compost of clay,
earth, cow-dung, or any refuse vegetable matter ; and then
form it into balls, which are dried in the sun or open air.
This method is not adopted on account of any scarcity of
fuel, for coal i1s abundant in China; but the Chinese, unlike
the English, know how to take care of it. They find that
their fire-balls, during combustion, give out very little smole ;
and they are extensively manufactured in the coal districts,
and distributed by canal carriage over a large portion of the
empire.

In the inferior class of houses, instead of having the fire
outside the house or room to be heated, it is built in
the corner of the dwelling room. A pit is dug for the
body of the fire chamber and dranght-hole; and the top,
or head of the stove, is used for the different operations of
cooking.

That no portion of heat may be lost, or escape into the
room directly from the fire, beyond what is necessary to main-
tain a given temperature, vessels of water are placed on the
head of the stove, and thus the heat, which would otherwise
be lost, is absorbed and economised; while it affords, by its
evaporation, the necessary supply of moisture to preserve
the atmosphere of the room in a healthy condition as to
moisture.

The Chinese call a stove which is heated by a furnace, a
kang ; the ti-kang is a furnace of which the flue runs under
the floor or pavement of a room; and the kao-Zang is that
used for heating benches and beds. There is yet a third
variety, the tong-kang, which is formed in the wall, and this
differs from the t/-kang only in being perpendicular instead
of horizontal. In the tong-kang, the heating flue is carried
along the floor, with openings from it, at which the heated
air and smoke ascend into the spaces of a hollow wall, thus
nearly approaching the principle of the chimney. A tong-kany
was erected by Sir William Chambers, in 1761, for heating
the orangery at IKew Palace. In imitation of the Chinese
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method, he introduced heated air through an air pipe or flue
in contact with the heating flues. In Fig. 10, the flue from
] the furnace is shown at a, the tong-kang flues at ¢,
and the hot air flue at e.

It is scarcely possible to improve upon these re-
finements of the Chinese, except by the introduction
of the chimney, the origin of which has been the sub-
ject of much learned discussion. Among drawings of

Saxon dwellings we look in vain for that neceszary
i feature of the house. ‘ The Saxon thegne built his
s hall from the woods on his demesne, by the labour of

= his bondmen : it was thatched with reeds or straw, or
roofed with shingle. In plan it waslittle more than

Fig. 10. its name implied, a capacious apartment, which in the
daytime was adapted to the patriarchal hospitality of the owner,
and formed at night a sort of stable for his servants, to whose
accommodation their master's was not much superior in a
small adjoining chamber. There was as yet but a slight
perception of the decencies of life. The fire was kindled in
the centre of the hall; the smoke made its way out through
an opening in the roof immediately above the hearth or by
the door, windows, or eaves of the thatch. The lord and
hLis “ hiearth-men,” a significant appellation given to the most
familiar retainers, sat by the same fire at which their repast
was cooked, and at night retired to share the same dormitory,
which served also for a council chamber.” * During the wars
of that early period, the traces of Roman occupation, so far
as dwellings were concerned, seem to have gradually dis-
appeared, but there is every reason to believe that there
were no chimneys in ancient Roman houses. And if the
Roman houses in Britain were unprovided with chimneys,
the Saxon dwellings were not likely to be supplied with them:
indeed, all the descriptions tally with that already given of
the rude hall, with its central hearth. Above this hearth, on
the roof, was a turret or lowver, filled with boards, which par-
tially excluded wind and rain, and allowed the smoke to
escape. This turret was often a great improvement to the

* & Some Account of Domestic Architecture in England from the Conquess
to the end of the thirteenth century.” By T. Hudson Turner. 8vo,, Oxford,1851.
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external appearance of the building. The windows of this
hall were placed high, and filled with oiled linen or Zouzer
boards. The heavy doors were opened by latches, and the
walls were either rough, or coarsely painted, or hung with
arras, which was suspended from hooks at the distance of
three or four inches from the walls. The floor was of stone
or earth, with a raised platform at one end, where were placed
the massive table and benches.

The houses of small landholders and farmers were generally
one story high, and if of two stories, the roof was so deep
as to shut out the light from the upper rooms. The hall
and kitchen formed one apartment, which was open to the
timbers of the roof, and, in some cases, was furnished with
a louver and a window, that could be closed with a shutter.
When these houses had a separate sleeping apartment, old
and young occupied it, and several reposed in one bed.
Servants slept on the kitchen floor. Cottages had neither
lowver nor loupe, and the inmates slept round the fire.

The strongholds which were built sbout the time of the
Conquest were several stories in height, and their roofs being
used as a terrace for defence, the central hearth and Zlouver
were impracticable. The necessity of providing some exit
for the smoke seems to have stimulated invention, and, ac-
cordingly, we find the germs of the modern fire-place and
chimney in one of these strongholds. In the great guard-
room of Conisborough Castle, erected in or near the Anglo-
Saxon period, is a large fire-hearth. The mantel is supported
by a wide arch, with two transom stones running under it;
the back of the fire-place, where it joins the hearth, is in a
line with the walls of the room, and the recess at the mantel
is formed by the back of the fire-place sloping outwards, as it
rises into the thickness of the wall, until it reaches a loop-
hole on the ountside, where the smoke finds an exit. Fig. 11
is an elevation and section of this fire-place, in which A is
the floor of the room, E the mantel, and ¢ the loop-hole.

In other castles erected about the same period, the hearth
was formed in the thickness of the wall, and the conical smoke-
tunnel ended in a loop-hole, as at Conisborough Castle. Fig.12
is another elevation and section of these ancieat contrivances
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for carrying off the smoke. It is from Rochester Castle. In
the old palace at Caen, which was inhabited by the Conqueror
while he was Duke of Normandy, the great guard-chamber
contains two spacious recessed fire-hearths in the north wall,
still in good preservation, from which the smoke was carried
away in the same manner as in the above examples.

The transition from these contrivances to the common
chimney would seem to be easy ; but
history has failed to record the in-
ventor, or to define the place where
the chimney was first used. It has
been well remarked by Mr. Hudson
Turner, that in seeking to ascertain
the degree of antiquity which should

Fig. 11. Elevation and Section of Fire- place in Cumsboruugh Castle,

be assigned to the chimney, facts are often strangely con-
tradictory of the statements of respectable writers. Existing
remains prove that perpendicular flues were constructed in
this country in the twelfth century, yet Leland, in the six-
teenth century, speaks with surprise of a chimney in Bolton
Castle. 'We can only suppose that the principle of the modern
chimney was understood long before the practice of con-
structing it became general.* Chimneys seem to have been
common at Venice before the middle of the fourteenth cen-
tury. An inscription over the gate of the school of Santa
Maria della Carita states, that in 1347, a great many chim-
neys were thrown down by an earthquake, a fact which is

¥ ¢ Domestic Architecture,” pp. 17, 18,
E 2



76 EARLY NOTICES OF THE CHIMNEY.

confirmed by John Villani, who refers the event to the even-
ing of the 25th of January. Chimneys had also been in use

R
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Fig.12. Fire-place in Rochester Castle.

at Padua before 1368, for in that year Galeazo Gataro relates, -
that Francisco da Carraro, lord of Padua, came to Rome, and

finding no chimneys in the inn where he lodged (becanse at

that time fire was kindled in a hole in the middle of the floor),

caused two chimneys, like those that had been long used in

Padua, to be constructed by the work-people he had brought
with him. Over these chimneys, the first ever seen in Rome, |
he affixed his arms, which were remaining in the time of |
Gataro. Winwall House, in Norfolk (which has been de- |
scribed as the most ancient and perfect specimen of Norman
domestic architecture in the kingdom), has not only recessed
hearths, but flues rising from them, carried up in the external |
and internal walls. Now, if Winwall House really be an
Anglo-Norman edifice, its chimneys must have been built |
in the twelfth century, and, consequently, the claim of the
Italians to the invention cannot be supported. The chimneys
at Kenilworth and Conway were also probably erccted anterior
to the date of those on which the Italians rest their claim.
Leland, also, in his account of Bolton Castle, which he says
was “ finiched or Kynge Richard the 2 dyed,” notices the
chimneys. “ One thynge I muche notyd in the hawle of
Bolton, how chimeneys were conveyed by tunnells made on
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the syds of the walls betwyxt the lights in the hawle, and by
this means, and by no covers, is the smoke of the harthe in
the hawle wonder strangely conveyed.” Iven when some
form of chimney was adopted, it sometimes happened that
only one of the private apartments was so provided, namely,
the chamber next the hall on the upper story. The
chimney-piece varied little from the twelfth to the fifteenth
century. We have seen that the fire-place at Rochester
Castle has a semicircular arch with zigzag ornaments, and
that at Conisborough shafts and jambs, and what is called a
straight arch, that is, the mantel-piece, is of several stones
joggled together. The chimney was not always carried
up to the top of the wall, the vent for the smoke being
sometimes merely pierced through the wall. At the same
period, namely, the twelfth century, the kitchen secms to have
had an open roof, cooking being performed at an iron grate
in the middle of the apartment.

Wooden lattices and shutters continued in use in the thir-
teenth century, although linen and glass were also partially
used. Church windows were occasionally covered in with
canvas, as 1s proved by the fabric accounts of Westminster
Abbey, and other churches. Fire-placesdiffered little, except in
being of lighter construction. Flues were ordinarily eylindrical
shafts of masonry carried above the ridge of the roof. Orders
to raise the chimneys of the king's houses are frequent in the
time of Henry III. The mantels of such fire-places were some-
times elaborately carved or painted, with such designs as the
twelve months of the year, the figure of Winter with sad visage
and contorted body, &e. One flue sometimes carried off the
smoke from two fire-places. DBut flues were not always used
even in royal apartments; hearths of stone in the centre of
the room, and louver roofs, were still employed. Fire-places and
flues were, however, sometimes made of plaster, so that they
may have existed in buildings which preserve no trace ot
them,

In the fourteenth century the hearth in the middle of the
hall still existed as a general custom. Huge logs were piled
on andirons, and the smoke escaped through the louwver.
“This custom had its advantages. The heat was greater and
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more generally diffused, which in a room of such size was of
importance, while the smoke from wood or charcoal, when
well ignited, is not considerable. Many louvers remain in
halls of the fifteenth century. There are also frequent ex-
amples of fire-places and chimneys in the fourteenth century,
even in the hall, though they are more usnal in the smaller
apartments.” *

It is not our duty to trace the further history of the chim-
ney, nor to notice the methods by which the chimney shaft
became so prominent and beautiful a feature in buildings
during the reigns of the Tudors. It is sufficient to remark,
that when once introduced in England, the merits of chimneys
were soon appreciated, for we find it stated, that in the reign
of Queen Elizabeth, apologies were made to visitors if they
could not be accommodated with rooms provided with chim-
neys, and ladies were frequently sent out to other houses,
where they could have the enjoyment of this luxury, for such
it must be called, at this period, when the poorer class of
houses was not yet furnished with it.

Wood was the ordinary fuel till the seventeenth century,
and this was burnt on the capacious hearth, the logs being

Fig. 13. Andiron.

confined within the two standards (Fig. 13) of the andiron,}
their ends resting on the billet bar, for the purpose of admitting

* ¢ Domestic Architecture,” vol. ii. pp. 39, 40.

T Probably a corruption of the Anglo-Saxon brand-isen or brand-iron.
Some say it was kand or end iron.
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the air below them, and thus promoting combustion. For
the large kitchen fire, the standards and billet bars were very
strong and massive, but usually quite plain. In the hall,
that ancient seat of hospitality, they were also strong and
massive, to support the weight of the huge logs; but the
standards were kept bright, or ornamented with brass rings,
knobs, rosettes, heads and feet of animals, and various gro-
tesque forms. In kitchens, and in the rooms of common
houses, the andiron, as its name implies, was of iron ; but in
the hall the standards were of copper or brass, and sometimes
of silver. The spacious receptacle was furnished with seats
on each side of the hearth, and the snug chimney corner was
the post of honour. When the whole family assembled to
enjoy a leisure hour, it was round the hearth that they sat;
with it was associated their ideas of domestic comfort and
conviviality, and the word hearth became synonymous with
home. In some of our rural districts the custom is still re-
tained of the whole family sitting under the capacions chim-
ney-breast, and it is an honoured custom which we hope may
long continue to exist.

In smaller rooms, where the fire was made in a wide and
deep recess, each standard was fixed into the back of the
hearth by a lateral bar. Thus in Fig. 14, which represents
the andirons in the hall at Vicar's Close, Wells, will be
seen the standards, the billet bar, and the reredos or back
of the fire-place, which in deep recesses brings the fire into
the room. When the hearth was of moderate size, the and-
iron, as well as the reredos,* was movable.}

So long as wood existed in abundance coal was not sought
after for the purposes of domestic fuel. It was supposed that
the fumes of coal had a peculiarly corrupting effect upon the
air, and were most injurious to health. Its value, however,
was appreciated by brewers, dyers, smiths, and others, whose
occupations lead to the consumption of a large quantity of

¥ Also called rere-dorse. Hollinshed says—* Now haue we manie chimnies,
and yet our tenderlings complaine of rheumes, catarhs, and poses, Then had
we none but rere-dosses, and our heads did never ake.”

t On the mantel-shelf is a seroll, bearing an inscription, which solicits the
prayers of the vicars in favour of Sir Richard Pomroy, and expresses solici-
tude for the safety of his soul.
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fuel, and towards the close of the thirteenth century coal was
imported into London from Newecastle for the use of those
trades. In 1306, however, parliament petitioned the king to
prohibit the use of the noxious fuel in the city. A royal
proclamation was accordingly issued prohibiting the use of
coal, and as this failed in its effect, a commission was issued
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Fig. 14. Fire-place in the hall at Vicar’s Close, Wells.

for the purpose of ascertaining who burned sea-coal within the
city and its neighbourhood, and to punish them by fine for the
first offence, and by the demolition of their furnaces if they
persisted ; but even these severe proceedings failed to put
down the nuisance. A law was therefore passed making the
burning of sea-coal within the city a capital offence, and per-
mitting its use only in the forges of the neighbourhood. In
the reign of the first Edward a man was tried, convicted, and
exceuted, for burning sea-coal in London.* Even in districts

# Sir Gilbert Blane, in his “Select Dissertations on several subjects of

Medical Science” (London, 1822), relates this circumstance in a note, p. 12‘]‘;i=
on the authority of “the late Mr. Astle, keeper of the records in the Tower:
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where coal abounded, it was not used as a domestic fuel ; for
we read that in 1349, in the religious house at Whalley, peat,
with a very little wood, was the only fuel used.

So deeply rooted was the prejudice against coal, that it was
not until the commencement of the seventeenth century that
its use became more general, Ladies had an idea that a coal
fire injured their complexions, and they would not even enter
a house or room where the obnoxious fuel was used ;* nor
would they even partake of meat which had been roasted at
a coal fire. When Ben Jonson had to entertain a party of
guests at his house, he warmed his room with a charcoal fire;
but, on ordinary occasions, he used coal; for we find that, on
more than one occasion, his flue caught fire from an accumu-
lation of soot.

In an inventory, dated 1603, of the goods of Sir Thomas
Kytson, at Hengrave Hall, in Suffolk, mention is made of “ a
cradell of iron for the chimnye to burne sea-cole with,” and
‘also “j fier sholve made like a grate to seft the sea-cole with.”
The cradle here mentioned was probably nothing more than a
few bars bent into a semicircle, and fastened into the upright
wall over the hearth.

There was, doubtless, good reason for the objections of our
ancestors to the use of sea-coal, for the chimney fire-places
were usually made in the form of a large square recess, and
the breast of the chimney was of the same size as the recess
itself. In order to rid sea-coal of its noxious sulphurous
vapour, Sir John Hacket and Octavius de Strada proposed,
in 1626, to convert the coal into coke, and thus make it as
agreeable a fuel for chambers as wood and charcoal. A

among which * he had discovered a document importing that a person had
been tried, convicted, and executed, for burning coal within the city in the
reign of Edward 1.”

* This prejudice existed among French ladies until recently, when scarcity
of wood fuel has somewhat mitigated it. It is related that an ambassador at
Paris had issued cards for a large assembly, when, on the appointed evening,
no ladies appeared, but gentlemen only—a report having been circulated that
his lordship’s rooms were heated by means of coal fires.

Another prejudice on the part of the French is, that our island is constantly
enveloped in the smoke of our coal fires, so that we never see the blue sky.
I was rambling one fine afternoon on the French ecoast, when, getting into
conversation with a Frenchman, he looked towards England, then at the blue
sky, and remarked, with a look of inquiring pity, “Z{ ne fait jamais beau
comme cela en Angleterre 7
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patent was obtained for the purpose, but the gpeculation did
not succeed, as the vapour given off by the coke was found
to be nearly as unpleasant as that from coal.

About this time a great improvement was made in France
in fire-places by Louis Savot (born 1579; died 1640), a
licentiate in the Faculty of Medicine at Paris. He was
early impressed with the maxim of Vitruvius, that it is quite
necessary for an architect to have some acquaintance with
medicine, and he saw no reason why a physician should
not have some knowledge of architecture. Accordingly he
studied architecture from a sanitary point of view; and in
1624 published a work on the subject, and which, as will
be seen by the note below,* passed through several editions.
Savot pointed out the means for curing that domestic plague
—a smoky chimney; and, like a true physician, set about
investigating the causes of the disecase. He saw the evils of
large chimneys, and the necessity for a due supply of air
to the fire. The fire should be proportioned to the size of
the chimney, and vice versd, and smoke may often be pre-
vented by lowering the mantel. “ In small rooms,” he
says, ‘“ the chimney often smokes unless the door or window
be open, not only because the fire devours and carries off a
large quantity of the air of the room, but also because the
fire requires a continual supply of air for its support; so that,
if a proportional quantity of air which the fire consumes and
sends up the chimney does not enter the room (which it
cannot do in small rooms with a large fire), the fire lan-
guishes, and the smoke increases, since flame is nothing more
than a kindled smoke, and smoke is only an extinguished
flame, or, at least, not yet kindled.” He also points out how
the chimney may be too long for the fire, or how one large
chimney may draw upon another smaller one ; and he recom-
mends that the flue be smooth on the inside, to diminish
friction. To improve the draught of the fire he raised the
hearth about 4 inches, and lowered the mantel so as to make
the opening of the fire-place about 3 feet high. The width

* &« I’ Architecture Frangoise des Bastimens particuliers.” Composée par
M. Louis Savot, 1624. There were also editions in 1642, 1673, and 1685,
this last augnentée de M. Blondel.
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between the jambs was reduced to 3 feet; the jambs from
the mantel were to be carried up sloping to the waist, or
where the flue begins to be of uniform width, and the open-
ing of the fire-place was formed like an arch. But, where
the fire-place could not be conveniently altered, Savot per-
forated with small holes a plate of iron, the width and length
of which were nearly equal to the hearth, and this was fixed
3 inches above the tiles of the common hearth. On this
perforated plate he placed a grill de fer of the same length as
the billets to be burned, and raised 9 inches above the plate;
the wood was placed on the grate, the charcoal on the per-
forated plate, and the hearth received the ashes; the air,
rising through the small holes, made the charcoal burn briskly,
and this so much assisted the burning of the wood, that a
rapid draught up the chimney was established, and smoke
prevented.

In Savot's deseription of the fire-place used to heat the
Cabinet des Livres, at the Louvre, we have the first recorded

Fig. 15. Savot’s Fire-place in the Louvre.

attempt at combining the cheerfulness of an open fire with
the economy of an enclosed stove. Fig. 15 is a front view,
and Fig. 16 a vertical section of this ingenious contrivance.
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The hearth was a thick iron plate placed above the old
hearth, with an interval, n, of 3 inches between them. The
two sides, or covings of the fire-place, were also formed of
thick iron plates, placed 3 inches from the jambs. The space,
n, at the back, and the spaces at the sides, communicated
with the space, n, under the hearth ; two pipes, or channels,
7, communicating with these hollow spaces, opened into the
room at ¢, as shown by the dotted line in the section; these
gpaces could be closed at pleasure. When the fire was burn-
ing, the iron hearth, and the plates which formed the sides
or covings, and the back, became very hot. The cold air at
the floor, entering by the openings at a, into the space, n, was
heated by the hearth, and rising into the spaces at the back
and sides, had its temperature further increased; it then
entered the channels, 7, and escaped at ¢, thus diffusing an
agreeable warmth over the whole room.

About the year 1658, the project for burning coke, instead
of coal, was revived by Sir John Winter, who invented an
improved fire-place for the purpose. The cradle, or fire-cage,
was placed on a box about 11 inches high, in the front of
which was an opening, o (Fig. 17), fitted with a door, which
was always kept closed, except when
the ashes were removed. A pipe, @, in-
tsered into the side of the box, com-
municated with the external air, at a
level of 2 or 3 feet below the bottom
bars of the fire-cage; this pipe could
be closed at pleasure by a valve. When
the coke or charked (i.e., charred) coal
in the fire-cage did not burn well, the
valve was opened, and the air from the
outside rushed in a strong current into
the box, and, by its powerful blast,
soon roused up the fire ; the valve was
* then cloged, and all communication with
the external air was thus cut off. The flue was closed with
an iron plate or register,* that moved on a hinge. It had an

_* Savot’s book is the first in which we have seen the register plate men-
tioned. He states, on the authority of Scammozzi, that it was customary in
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opening, ¢, 8 inches square, for carrying the smoke into the
chimney, and this was found large enough for a fire-place of
any dimensions. This ingenious contrivance does not scem
to have succeeded, although both it and the arrangement
described by Savot have, with slight variations, been brought
forward several times within the last three-quarters of a cen-
tury, and patented as notable inventions.

In 1678, Prince Rupert invented a fire-place, so contrived
that the draught took a downward direction before entering
the flue, as shown in Fig. 18, in which
@ X is a wall built at a distance of 10
inches from the back of the hearth —
recess, and carried up to the mantel, Y Y
where it is terminated by the wall x, = e
thus completely cloging all communi-
cation between the flue and the room.
An opening, @, is made in this wall,
10 inches high, and of the same width
as the length of the grate, and its sill
is 2 inches above the top rib of the
grate. Fixed within the chimney is WS
a plate of iron, 7, placed perpendicu- || 28N o
larly, so as to divide it into two equal f
parts. To the upper edge of this plate - el v
is hinged an iron door, ¢, as long as i Ceia L 4,
the chimney is wide, and this door Fig- 18 Prifce Rupert’s
can be brought into the position ¢, or i
into that indicated by the dotted lines at e. The fuel grate
stands on the hearth, and is placed nearly in a line with the
wall of the room. At the back of the ash-pit is a brick that
closes the aperture through which the soot is removed. When
the fire is first lighted, the smoke door, ¢, is pushed back, and
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England, when a brazier full of fuel was well lighted, and had ceased to
smoke, to pass an iron plate (porte de fer legére) across the chimney, and so
confine the heat to the room. This plate appears to be the same as the
damper, but the term register is much older. In the furnaces of the alchemist,
openings left for the supply of air, which could be contracted or closed by
means of clay, were named registers. Thus, Ben Jonson says :—

“ Look well to the register,
And let your heat still lessen by degrees.”
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when the draught is once established, this door is drawn
forward, and the smoke being thus prevented from flowing
upwards, reverberates downwards, and passes the lower edge
of the division plate, 7, and rises between it and the back of
the hearth into the chimney flue. In boisterous weather, or
with such a fire-place, in an upper room, where the chimney
is short, another iron door, #, is hung under the edge of the
mantel, in front of the fire-place, and extending the whole
width of the opening., Its breadth varies according to cir-
cumstances, but it is made so as to reach within 2 inches of
the upper bar of the fire-grate, when hanging in the posi-
tion shown by the dotted lines ats. This converts the fire
into a furnace, and the room will, in such case, be * warmer
than it would be with a fire four times the size made in a
common cradell.” When the smoke flows regularly through
the aperture, a, this door is thrown back out of use, as at 7.
In some cases, the ordinary fire-board or fire-cloth was used
instead of this door.

“The fire-cloth,” says Mr. Bernan,* “ was a common ap-
pendage to a fire-place, particularly where wood was burned,
for then the flue was large, the hearth wide and low, and the
mantel high; when the chimney smoked in certain winds
only, the cloth was suspended, when wanted, from each corner
of the mantel-piece. But when the disease was unremitting,
the curtain was fixed by rings, running on a rod that went
across the fire-place; when not used, it was drawn to one
side, like the curtain of a cottage window; very often the
fire-cloth was contrived to be drawn up like a modern Venetian
blind, and made so deep as to reach from the mantel to the
hearth, and serve the office of a fire-board, when there was
no fire in the yawning chimney. The first variety of smoke-
cloth was seldom more than 15 inches deep, and was fre-
quently made of painted leather; but in good houses, the
suspended fire-cloths were usually of damask and tapestry.
None of these contrivances are yet extinet.”

In 1680, a stove was exhibited at the fair of St. Germains,
near Paris, in which the smoke not only descended; but was

* & History and Art of Warming and Ventilating Rooms and Buildings,”
2 vols., 1845,
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also consumed. It is formed of hammered iron, and stands
on the floor of the room. The fuel, wood, or coal, is contained
in a vase, ¢ (Fig. 19), with a grating at o, and this vase is

Fig. 19, Smoke-consuming Stove,

placed on a box or eylinder, a, from which a pipe, 7, is carried
into a flue, which has no communication with the hearth re-
cess, nor with the air, except at the top, above the roof. The
vase being filled with fuel, some dry brushwood is placed upon
it. The upper part of the pipe, ¢, is then heated by a lamp,
or hot iron, in order to establish a current of air from the
eylinder, o, which current passes down throngh the fuel in
the vase. A piece of lighted paper is then placed on the
brushwood, and the downward current carries the flame down-
wards, first igniting the wood, and then the coals, and con-
suming the smoke in descending. The products of combustion
thus carried into the eylinder, a, rise through the pipe, 7, into
the chimney. The descending current may be made evident
by holding a flame over the vase, when it will be drawn down-
wards.  Justel, who deseribed this arrangement to the Royal
Society in 1681, says, that “ the most feetid things, matters
which stink abominably when taken out of the fire, in this
engine make no ill scent, neither do red herrings broiled
thereon. On the other hand, all perfumes are lost, and in-
cense makes no smell at all when burned therein,” An

. —
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improved edition of this stove was made by Dr. Franklin, as
will be noticed further on.

An economical method of heating two rooms by one
are is described by Savot. A plate of iron is made to sepa-
rate the fire-places of the two adjacent
rooms. A fire made on the hearth, a,
(Fig. 20), heats the plate, n, and this, in its
turn, by its radiation, warms the air in the
adjacent room, e, as effectually as a stove
would do, provided its flue, 7, is properly
closed, Or if the second room have no
chimney, it may still be warmed by making
an opening in the wall, at the back of the
fire-place, and closing it with an iron plate.
When Dr. Franklin was in Paris, he saw an example of this
contrivance, and estimated it highly.

In all these early contrivances there is much ingenuity, and
we bring them forward thus prominently, because they are
really the legitimate ancestors of many reputed modern in-
ventions, whose authors are either ignorant of, or have
failed to acknowledge, their descent therefrom. Patentees
would often be spared much anxiety and expense, if they
would condescend to study the subject to which their inven-
tion refers, before they introduce to the public a contrivance
which may have been as well, if not better, done a long time
before. Discoveries in science and inventions in the useful
arts, require genius often of a high order; and although it
is not expected that all inventors should have the genius of
Watt, it is at least required that they should possess some of
his method of patient research.

But there is one writer, whose inventions have especially
served as the type of many a modern fire-place, and at the
time of their introduction in 1713, showed a great and sudden
advance in the art of warming apartments. It has been said,
with what authority will be seen in the Appendix, that the
author of the treatise referred to was no less a man than the
Cardinal Polignae, who, under the assumed name of Gauger,
published a treatise, entitled *“ La Mechanique du Feu, ou
UArt d’en augmenter les effets et den diminuer la dépense,
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contenant le Traité de Nowvelles Cheminées qui echauffent plus
que les Cheminées ordinaires, et qui me sont point sujeties
fumer.” This treatise was reprinted at Amsterdam in 1714,
and a translation of it, by Dr. Desaguliers (from which we
are about to quote), was published in London in 1716.

In the preface the author has some sensible observations on
the subject of warming and ventilation. After remarking
that persons who judge of the value of machines by their
complication, will not find his inventions to their taste, he
bestows a compliment on those who estimate ““ such devices
from the simplicity of their construction, and the facility of
their execution,” and then proceeds thus: “ A plate of iron
or copper bowed or bended after such a manner as is not at
all disagreeable to the sight ; a void behind, divided by certain
small iron bands or partition plates, forming several spaces
that have a communication one with another; a little vent
hole in the middle of the hearth, aregister plate in the upper
part of the funnel; and for some shafts, a capital on the top,
make up the whole construction and workmanship of our
modern chimney. Now, can there be anything more simple
or plain, or more easy to execute ?”

“To be able to kindle a fire speedily, and make it, if you
please, flame continually, whatever wood is burning, without
the use of bellows ; to give heat to a spacious room, and even
to another adjoining, with a little fire ; to warm one’s self at
the same time on all sides, be the weather ever so cold, with-
out scorching ; to breathe a pure air always fresh, and to such
a degree of warmth as is thought fit; to be never annoyed
with smoke in one’s apartment, nor have any moisture therein;
to quench by one’s self, and in an instant, any fire that may
catch in the tunnel of a chimney ; all these are but a few of
the effects and properties of these wonderful machines, not-
- withstanding their apparent simplicity. Since I used this sort
of chimney, I have not been troubled one moment with
smoke, in a lodging which it rendered before untenable as
soon as a fire was lighted ; I have always inhaled, even during
the sharpest seasons, a fresh air like that of the spring. In
- 1709, water that froze hard everywhere clse very near the
hearth, did not congeal at night in my chamber, though the
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fire was put out before midnight; and all that was brought
thither in the day soon thawed ; neither did I ever perceive
the least moisture in winter, not even during thaws.”

The treatise opens with the following remark : “ It seems
that those who have hitherto built or cansed chimneysto be
erected, have only taken care to contrive in the chambers
certain places where wood may be burnt, without making a
due reflection that the wood in burning ought to warm those
chambers, and the persons who are in them; at least, it is
certain that but a very little heat is felt of the fire made in
the ordinary chimneys, and that they might be ordered so as
to send forth a great deal more, only by changing the dispo-
sition of their jambs and wings.” The methods by which a
fire may communicate its heating effect to a room, are cor-
rectly stated to be by radiation, by reflection, and by conduc-
tion. Now, as radiant heat is reflected according to the same
law as light, .e., the angle of incidence is equal to the angle
of reflection, it follows that, in a fire-place with straight
jambs very few of the rays are reflected into the room. Thus,
suppose a fire, f (Fig. 21),
to be made in an ordinary
chimney, A B, b a, of which
swaial 4 the jambs, A B, a b, are pa-
rallel, the ray of heat, £ g,
A—  will be reflected back in m;

i the ray f m upon itself in f;
Fig. 21. the ray 1 in ~; and the
ray /L in p; and this is the only ray that can be reflected
into the chamber, the others being to the back, or up the
chimney, or among the fuel, and contribute in no way to the
useful heating effect of the fire. In cases, however, where
the jambs are formed of plaster, there is not even this reflec-
tion, for the heat, falling upon the dull surface, is absorbed.
The author then describes what ought to be the correet form
of the jambs: “ Gieometricians,” he says, * are sensible that
all radiuses which set out from the focus of a parabola and
fall upon its sides, are reflected back parallel to its axis. If,
therefore, you take on the bottom of a chimney hearth, A B,
b a (Fig. 22), a length, ¢ ¢, equal to that of the wood designed
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to be burnt, for example, of half a log or billet, which, at
Paris, is 22 inches; from the points ¢ ¢, let fall the perpen-
dicalar ¢ o, ¢ d, which may
be the axis of two semi-para-
bolas, whereof ¢ ¢ are the
vertices and A a(the distance
between whichis the breadth
of the chimney), each of —a
them one of their points; P
that done, you are to line Fig. 22,

with iron or copper plates the two parabolical sides, A ¢, ae,
of the chimnev, and make the lower part of the concave
parallel to the horizon, and as large as it can be, only leaving
10 or 12 inches for the aperture of the chimney funnel. By
this arrangement as much of the heat as can be will be
reflected, for all the rays of heat from the focus r f of
each semi-parabola, as f g, f &, 1, f{, &ec., will be reflected
back parallel to the axis ¢d in m, n, o, p, and consequently,
pass into the room. So also, all those rays, & n 1, which are
not reflected back parallel to the axis, will nevertheless be
reflected into the chamber or very nearly so. Besides this,
the jambs being so much nearer the fire than is usual, will
soon become heated, and reflect a large number of rays.”

All draughts in the room towards the fire were avoided, by
introducing a soufflet, or blower, already described in Savot’s
and Winter's stoves (Figs. 15 and 17). Its opening was
situated at z (Fig. 22), in the centre of the hearth, 10 or 12
inches below the plate on which the fuel was burned, and
communicated with the open air by a channel from 4 to 6
inches square. The opening in the hearth was furnished
with a metal frame, on which was hinged a trap door, or
valve, opening upwards ; the upper surface of this valve was
furnished with a button, which could be grasped with the
tongs, and a small bolt beneath could then be drawn back, or
closed with the button with which it was connected. The
gides of the valve were formed by two thin sectors of iron,
which guided the current of air through the channel, and
confined it within narrow limits. Two springs in the frame
pressed against the sector sides, and kept the valve open at
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any desired angle; of course, when the valve was shut and
bolted there was no current.

Several varieties of Gauger's fire-place are described
in this treatise, all of which are furnished with parabolic
jambs and the soufflet ; but the back, the jambs, the hearth,
and the mantel were also made hollow, for the purpose
of pouring a cﬂpmus sup-
ply of heated air into the
apartment. These hollow
spaces, named caliducts
or meanders, are in one
arrangement (Fig. 23)
formed by perpendicular
divisions. In another va-
riety (Fig. 24) they are

Fig. 23. horizontal. In thisvariety
the hearth is also hollowed out, and divided into a series of
square spaces. The cold air entering at a, follows the direc-
tion of the arrows, and o

escapes into the room at « ; = e
c is the hearth, m the smoke J & — E jr
flue, and d s 7 the caliduects. (
The supply of hot air M
into the room was regu- -4 =
lated by a valve in the air- TR,
channel, formed on the e ﬁx
principle of Papin’s four- af e =

way cock. A small cylin- Fig. 24.
der, = (Fig. 25), moved within another cylinder, which was
fixed, The revolving cylinder had two apertures, o 0, and the
fixed cylinder three apertures, n n,
The axis of the revolving cylinder
passed through the cover of the
fixed cylinder, and had a small lever
or needle attached to it, by means
of which the cylinder was turned
o by the hand into certain positions
Tig. - marked on a small dial. When the
apertures, o o, in the revolving cylinder coincided with those
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in the fixed eylinder, 2 n, the external air from the channel was
admitted into the caliducts in the chimney back: by turning
the revolving cylinder into another position, the cold air was
excluded from the caliducts, and admitted directly into the
apartments.

The eylinder could also be placed so as to shut off the cold
air both from the caliducts and from the room. In this way
the air of the room could be tempered according to the wants
and feelings of the occupants.

The arrangement to which the inventor gave his decided
preference is represented in the following figures. Fig. 26

Fig. 26.

represents a horizontal section of the fire-place, and Fig. 27
a vertical section. The hollow metal case forming the back
of the chimney is divided into three or more caliducts, p ¢ 7,
each 4 inches wide and 6% inches broad, placed about an inch
from the back wall of the hearth recess, with its lower edge,
m, about 2 inches above the surface of the iron bottom plate
or hearth, . The jambs, w, lined with iron or brass plates,
are formed in a parabolic curve, and solid at the back. The
channel, o, conducting the external air into the caliduets, is
9 inches on the side; and the blower, ¢, furnished with its
valve, forms an aperture 3 inches long and 21 inches wide,
but instead of being supplied with air from the outside by a
separate channel, the air is derived from the channel, 2. The
air valve, x, is placed at the junction of the cold air channel,
with the caliducts; and the aperture, z, throngh which the
warmed air enters the room, is fitted with a sliding valve, to
close the warm air aperture.
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The action of this apparatus is simple. The small wood on
the hearth being lighted, and the valve of the soufflet, e, lifted
up, the logs soon begin to kindle into a good fire ; the smoke
and flame rise into the space
between the back, p ¢ », and the
wall of the hearth, and, after
heating the iron back of the
. . caliducts, escape into the flue.

F ~ In the meantime, the other
e IS ~ face towards the room is also
_ quickly heated by the flame
and smoke. The valve, o, being
adjusted to admit the external
air into the first caliduet, it
flows thence into the second
and third caliduets, receiving
fresh accessions of heat in its
progress, until it escapes at z,
into the apartment, which it
speedily warms,

For large apartments, these
fire-places may be erected in
the middle of the room, and
two may be set back to back,
with one series of caliduets for both, so that the air will be
heated, whether the fire be kindled in one or both. When
kindled in both, the heating effect will, of course, be greatly
increased. So, also, two adjoining rooms may be heated by
one fire, provided the hearth recesses are placed bﬁack to
back ; for, by making a fire in one room, the heated air from
the caliduects may be discharged into the other; or by carrying
a pipe from the caliducts throngh the wall into an adjoining
room, or through the ceiling into an upper room, an agree-
able and a sufficient warmth may be distributed.

All subsequent writers of repute have acknowledged the
great merits of Gauger’s treatise. Franklin admitted the great
assistance it had afforded him ; and some of the improve-
ments in stoves so successfully introduced by Count Rumford
are similar in principle to those suggested in this book. It
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will be obvious how very superior is this fire-place to those
on the common construetion, from the following remarks by
Mr. Bernan :—* The external air, in passing through the
caliducts, being raised to a temperate heat, and spreading it-
self throughout the chamber, a person in the coldest weather
is surrounded with warm air, and heated, without going near
the fire, on all sides at once ; while, from the construction of
the hearth, he enjoys the radiant heat in greater perfection
than in the common chimneys. The large body of air, con-
stantly flowing into the room from the caliducts, prevents all
chink winds or dangerous disease-bringing currents ; and as
there is as much impure air withdrawn as there is fresh
warm air admitted, an unceasing salutary ventilation goes
on, from the time the fire is lighted until it is extinguished ;
30 that a person may always remain in a room thus warmed,
and breathe as pure an air as if he were in the fields.”

The Gauger fire-places were constructed for the combus-
tion of wood fuel. Dr. Desaguliers modified them so as to
admit of coal being burnt, and, in conjunction with an archi-
tect, manufactured them, and erected a considerable number
in London. For a time the comforts and convenience, as
well as economy of these fire-places, were appreciated, and
they were rising rapidly into favour; but, unfortunately, an
outery was raised againgt them by Mr, Hauksbee and some
other scientific opponents of Dr. Desaguliers, who declared
that these fire-places “ burnt the air, and that burnt air was
fatal to animal life.” This was a death blow to the Doctor’s
new fire-places, and many years afterwards, when referring
to the subject, he mournfully remarks :—* As I took so much
pains and care, and was at some expense to make this manage-
ment of air useful, I can’t help complaining of those who
endeavoured to defeat me in it.”

In 1745, Dr. Franklin introduced a fire-place, which he
named the Pennsylvanian, in which Prince Ruperts de-
scending flue was ingeniously combined with Gauger's cali-
ducts. This invention was described in a pamphlet written
and printed by Franklin himself. The following is a copy
of the title-page:—“ An Account of the new-invented
Pennsylvanian Fire-places:; wherein their construction and
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manner of operation is particularly explained ; their advan-
tages above every other method of warming rooms demon-
strated ; and all objections that have been raised against the
use of them answered and obviated. With directions for
putting them up, and for using them to the best advantage.
And a copper-plate in which the several parts of the
machine are exactly laid down from a scale of equal parts.
Philadelphia : printed and sold by B. Franklin, 1744.”

The following is from Franklin’s Autobiography :—.
“ Having, in 1742, invented an open stove for the better
warming of rooms, and at the same time saving fuel, as the
fresh air admitted was warmed in entering, I made a pre-
sent of the model to Mr. Robert Grace, one of my early
friends, who, having an iron furnace, found the casting of
the plates for these stoves a profitable thing, as they were
growing in demand. To promote that demand I wrote and
published a pamphlet, entitled, ‘ An Account of the new-
invented Pennsylvanian Fire-places, &c.' This pamphlet
had a good effect. Governor Thomas was so pleased with
the construction of this stove, as described in it, that he
offered to give me a patent for the sole vending of them for
a term of years; but I declined it from a principle, which
has ever weighed with me on such occasions, viz., That, as we
enjoy great advantage from the inventions of others, we should
be glad of an opportunity to serve others by any tnvention of
ours ; and this we should do freely and generously.

“ An ironmonger in London, however, assuming a good
deal of my pamphlet, and working it up into his own, and
making some small changes in the machine, which rather
hurt its operation, got a patent for it there, and made, as I
was told, a little fortune by it. And this is not the only in-
stance of patents taken out of my inventions by others,
though not always with the same success, which I never
contested, as having no desire of profiting by patents my-
self, and hating disputes. The use of these fire-places
in very many houses, both here in Pennsylvania, and the
neighbouring states, has been and is a great saving “of wood
to the inhabitants.”

The following is a description of the Pennsylvanian stove



THE PENNSYLVANIAN TFIRE-PLACE. 97

from Franklin’s pamphlet:—*“ar, Fig. 28, 1s the mantel-piece
or breast of the chimney, ¢ the funnel, B the false back and
closing, ® the true back of the chimney, T top of the fire-
place, r the front, A the place where the fire is made, » the
air-box,  the hole in the side plate through which the
warmed air is discharged out of the air-box into the room—
1 the hollow filled with fresh air, entering from without at the
passage, 1, and ascending
into the air-box through
the air-hole in the bottom
plate near ¢, the partition
in the hollow to keep the
air and smoke apart ; e the
passage under the false
back and part of the hearth
for the smoke. The ar-
rows show the course of the
smoke. The fire being
made at A, the flame and
smolce will ascend and strike
the top, T, which will there-
by receive a considerable
heat. The smoke finding
no passage upwards, turns
over the top of the air-box,
and descends betweenitand
the back plate to the holes Fig. 28. “Profile of the Pennsylvania
in the bottom plate, heat- Chimney and Fire-place.”

ing, as it passes, both plates of the air-box, and the said
back plate ; the front plate, bottom and side plates, are also
all heated at the same time. The smoke proceeds in the
passage that leads it under and behind the false back, and
so rises into the chimney. The air of the room, warmed
behind the back plate, and by the sides, front, and top
plates, becoming specifically lighter than the other airin the
room, is obliged to rise; but the closure over the fire-place
hindering it from going up the chimney, it is forced out into
the room, rises by the mantel-picce to the ceiling, and spreads
all over the top of the room, whence being crowded down
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gradually by the stream of newly warmed air that follows
and rises above it, the whole room becomes in a short time
equally warmed. At the same time the air warmed under
the bottom plate and in the air-box rises and comes out
of the holes in the side plates, very swiftly, if the door of
the roomm be shut, and joins its current with the stream
before mentioned, rising from the side, back, and top plates.
The air that enters the room through the air-box is fresh,
though warm ; and, computing the swiftness of its motion
with the areas of the holes, it is found that near ten barrels
of fresh air are hourly introduced by the air-box ; and by
this means the air in the room is continually changed and
kept at the same time sweet and warm. It is to be observed
that the entering air will not be warmed at first lighting
the fire, but heats gradually as the fire increases. A square
opening for a trap-door should be left in the closing of the
chimney, for the sweeper to go up ; the door may be made of
slate or tin, and commonly kept close shut, but so placed as
that, turning up against the back of the chimney when open,
it closes the vacancy behind the false back and shoots the
soot, that falls in sweeping, out upon the hearth. This trap-
door is a very convenient thing. In rooms where there is
much smoking of tobacco, it is also convenient to have a small
hole, about 5 or 6 inches square, cut near the ceiling through
into the funnel; this hole must have a shutter, by which
it may be closed or opened at pleasure. When open there
will be a strong draught of air through it into the chimney,
which will presently carry off a cloud of smoke, and keep the
room clear; if the room be too hot likewise, it will carry off as -
much of the warm air as you please, and then you may stop
it entirely or in part, as you think fit. By this means it is that
the tobacco smoke does not descend among the heads of the
company near the fire, as it must do before it can get into
common chimneys.”

The Pennsylvanian fire-place was constructed for burning
wood, but in 1753 Mr. Durno adapted it for the burning of
coals, and sent one of his stoves to London as a model. The
fuel box was 15 inches wide, 5§ inches deep, from the grating
to the top bar, 63 inches from front to back. This kept a
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room, 14 feet square, at a temperature of between 60° and
64 during 13 hours, with the consumption of only one peck
of coals, at a time when the external temperature was 28°, or
4° below freezing.

A simple, but highly ingenious grate, in which the burn-
ing fuel is made to consume its own smoke, was also one
of the many original contrivances of Franklin. It consists
of a circular fire-cage (Fig. 29), about
a foot in diameter, and from 6 to 8
inches wide from front to back ; the
back is of plate iron, and the front filled
with bars, of which the three middle
are fixed, and the top and bottom mov-
able, and either one may be drawn out
for the purpose of filling the grate with
fuel. The fire-cage turns upon axes,
supported by a crotchet, fixed on a stem,
which revolves upon a pivot fixed to
the hearth. The fire is lighted by with-
drawing the upper bar and then placing wood and coals in
the cage, as in a common grate ; the bar is then replaced. So
also in adding fresh fuel, the upper bar is removed and then
replaced. When the grate is first lighted a quantity of thick
smoke is emitted by the fuel; but as soon as it begins to
burn well, the cage is turned round on its axes, so that the
burning coals at the bottom shall occupy a position at the
top. The whole is then turned round on the pivot, o as to
bring the bars again in front ; by this arrangement the fresh
coals below the lighted fuel will gradually ignite, and their
smoke, having to pass through the fire above them, will be
entirely consumed. In this way the combustion is perfect,
or nearly so, and this economy of fuel is accompanied by a
much greater heating effect ; little or no soot is deposited,
for all the combustible matter of the fuel is converted into
heat. For want of some such contrivance, a very consider-
able portion of our fuel is wasted by our open fires under the
best management, Soot is very inflammable, and a pound
of it gives as much heat as a pound of coal ; and the quantity
of soot which lines our chimneys is very inconsiderable, com-
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pared with that which escapes unconsumed at the chimney
top, and fills the neighbourhood with blacks, and, returning
into our houses through the open windows, makes the furni-
ture dirty, or, entering our lungs, offers an impediment to
free respiration. Another advantage of the revolving grate
is, that it may be turned into any position, so as to radiate
its heat in one direction rather than another, and, by placing
the bars in a horizontal position, a teakettle, or other cooking
utensil, may be set on it.

We cannot part with Franklin without some notice of the
services rendered by him in the cure of smoky chimneys.
But first as to the chimmney itself. 'We have seen that the
invention of chimneys was not a scientific result, but an act
of necessity. The first object proposed to be accomplished
by them was to discharge into the air the products of com-
bustion, instead of allowing them to spread over the apart-
ment. With the huge wood fires of our ancestors, the large
hearth recess and the capacious flue did not interfere with
the accomplishment of the object proposed ; but as circum-
stances changed—when fire-places were introduced into
small rooms, and coal was substituted for wood—the arrange-
ments which were not altogether ill-suited to the baronial
hall or kitchen did not apply. Science was unable, or did
not condescend, to investigate the subject, and thus the
defects of chimneys continued to exist through many gene-
rations. One great defect arose from the great capacity of
the flue in proportion to the extent of the fire, the heat of
which was often insufficient to determine an upward current
for carrying off the smoke. It is now a matter of everyday
experience, that the force of the draught in a chimney is so
much the greater as the column of air which passes up it is
longer or more heated, or, in other words, the taller the
chimney, or the hotter the fire, the more rapid will be the
draught. The ascentional force of this current is the differ-
ence between the weight of the column of heated air in the
chimney, and a column of the surrounding atmosphere of
equal height. Air and gases expand almost equally and very
nearly in proportion to the increase of temperature. Irom
32° the freezing point, to 212° the boiling point, of water,




THE DRAUGHT OF THE CIIMNEY. 1C1

they increase in bulk more than one-third, 1,000 pints at
32° becoming 1,366 at 212° This is 4§ths of the volume
at 32° or about - for each degree of Fahr. Now, sup-
pose when a chimney is drawing, the temperature of the
ascending air in the average of its length is 25° above that
of the outer air, which we may suppose is at 41°. The ex-
pansion of air for each degree is z}gth of its bulk at 41° so
that the column of air in the chimney will be dilated +%’sths,
or g'gth. A column of such heated air in the chimney, 21
feet high, would balance a column of only 20 feet in height
at the temperature of the outer air, and the ascentional force
of the heated air (or draught of the chimney) would be that
due to the difference in weight between the 21 feet of heated
air and the 21 feet of colder air, and this would be equal to
the pressure of a column of the colder air 1 foot in height.
It is obvious from this that the draught is increased by
increasing the perpendicular height of the chimney. Its
length in a horizontal direction does not increase, but dimin-
ishes the dranght, by cooling the air before it gets into the
effective part of the flue. The draught is also increased by
making all the air which enters the chimney pass through or
very near the fuel ; for when much air gets into the chimney
above the fire, by having a high mantelpiece, the mass of
air in the chimney cannot get sufficiently heated. The shape
and structure of the chimney may also assist or retard the
draught. The chimney should be as small as possible ; only
just sufficient to discharge the smoke and assist the ventila-
tion of the apartment. The circular form is preferable to the
square, on account of the resistance being equal on the in-
ternal surface, and double currents are less easily established.
According to Peclet,* the horizontal section of the circular
chimney-shaft of an ordinary apartment need not be more
than 15 to 20 centimetres in diameter (6 or 8 inches), or an
area of from 3 to 4 square decimetres (12 to 16 square inches),
but it will be remembered that these estimates are for wood
fires. Where coal is used they must be somewhat extended.

*  Traité de la Chaleur considerée dans ses applications.,” 2nd Ed. 1860,
The reader interested in the subject in a technological point of view should

consult vol. i., book 3, “ On Chimneys ® (Des Cheminées), from a
- L, 5 2y Sl 5 pag
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In the cure of smoky chimneys there are practical diffi-
culties and special cases which usnally come under the patho-
logical treatment of the smoke-doctor; these may all be
resolved by reference to well-known scientific principles, but,
unfortunately, the smoke-doctor is not always, indeed very
seldom, a man of science. The following cases of smoky
chimneys and the method of cure, will include as much as
need be said on this subject to the intelligent reader.*

The most prolific cause of smoky chimneys is the want of
a sufficient supply of air to the fire. This is sometimes the
case in a new house, where doors and windows fit tightly
and accurately, so that scarcely a chink is left for the admis-
sion of air. Or if the house be not new, the windows and
doors are often listed, sandbags are placed over the junction
of the two window-frames, and a thick mat closes the bottom
of the door, and even the key-hole is often stopped. It
is no wonder that, under such circumstances, the chimney
should smoke ; for the air necessary to support the fire must
come down the chimney (the only way left for it) instead of
passing through the fire and up it. Dr. Franklin's method ol
ascertaining, in a rough way, how much air is required per
minute to make the fire burn well without smoking, is to set
the door open until the fire burns properly, then gradually
to close it until smoke again begins to appear: next open
it a little wider, and hold it in such a position as will admit
the necessary supply. Now observe the width of the open
crevice between the edge of the door, and the rabbet into
which it would shut. Snppose this distance to be half an
inch in a door 8 feet high; the room would, in such case,
require for the entrance of the air an aperture equal to 48
gquare inches, or a hole 6 inches by 8 inches. This, how-
ever, would be more than is usnally required. Dr. Franklin
found that a square opening of 6 inches to the side was a
ogood medium size for most chimneys. Dut now comes the

# The following references to Dr. Franklin are to a pamphlet * On the
Causes and Cure of Smoky Chimneys,” dated “ At sea, 28th August, 1785.”
It is in the form of a letter addressed “ To John Ingenhousz, at Vienna.” It
first appeared in the Transactions of the American Philosophical Society. It
was read October 21, 1785, and afterwards published as a separate pamphlet
in England and America.
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difficulty (at least in English houses, where no air-duct is
provided by the architect and builder, as in the Gaunger fire-
place), where to make this opening. If made in the door, it
would not only interfere with the privacy of the room, but
admit a cold dranght to the back and feet of those sitting
near the fire ; if made in the window, it would bring a cata-
ract of cold air down upon the heads of the inmates.

It has been proposed to cut a erevice in the upper part of
the window-frame, and to place below this a thin shelf, slop-
ing upwards, in order to direct the air towards the ceiling,
where, mingling with the heated air of the apartment, it
would mitigate its temperature, and bring it down again to
feed the fire. The objection to this plan is, that it condenses
the produects of respiration and combustion, and causes these
aerial poisons to be breathed over again. An old-fashioned
contrivance for kitchens was to place in one of the spaces
of the window-frame a eircular tin plate, containing a wheel
mounted on an axis, the radii or vanes being bent obliquely ;
these, being acted on by the entering air, forced it round like
the vanes of a windmill, and at the same time dispersed the
air to a certain extent, and prevented a distinet draught from
being felt. Another method was to take out a pane of glass,
and substitute a tin frame, giving it two springing angular
gides ; and being furnished with hinges below, it could be
drawn in more or less above, so that the incoming air might
be directed upwards, and regulated as to quantity. A some-
what similar contrivance has been introduced for ventilating
rooms, but when there is a fire in the room, it must serve the
purpose of introducing air instead of letting it out. It con-
gists of a number of strips of plate glass, arranged after the
fashion of a Venetian blind, occupying the position of one of
the panes of glass in the upper window-frame. By a little
adjusting motion, the strips can be separated more or less
apart, to regulate the supply of air, or closed entirely, so as
to exclude it. Perforated panes of glass have also been intro-
duced as ventilators, but they must also bring air into the
room instead of letting it out, when a fire is burning. The best
plan of all is the air-duct, deseribed in Gaunger’s fire-places.

A second cause of smoky chimneys arises from the size of



104 CAUSES OF SMOKY CHIMNEYS.

the fire-place ; it may be too wide or too high. Dr. Franklin
recommended that the openings in the lower rooms should be
about 30 inches square and 18 deep; and those in the upper
rooms only 18 inches square and not quite so deep ; the in-
termediate openings diminishing in proportion to the height
of the funnel.

But the funnel itself may be too high compared with the
size of the fire. The hot air, ascending to a certain height,
may distribute its heat to the airin the upper part of the flue,
go that the whole may cool down, and the column within the
flue be nearly of the same weight as an equal column on the
outside. In such a case, there will be little or no draught to
carry off the smoke, and it will, therefore, enter the room.

But it more frequently happens that the funnel is too short.
The remedy in such case is to contract the opening of the
chimney, so as to make all the air that enters pass thmugh or
very near the fire.

In some houses, instead of having a separate chimney for
each room or fire-place, the flue is bent or turned from an
upper room into the flue of another fire from below. In such
a case, the upper chimney is too short, since the length can
only be estimated from the place where it enters the flue of
the lower room ; and this, in its turn, is also shortened in
efficient length by the distance between the entrance at the
second funnel and the top of the stack ; for all that part being
supplied with air from the second funnel, adds no force to
the draught; and if there is no fire in the second chimney,
it ecools the hot current of the first, and so diminishes the
draught. The remedy in this case is to close the opening of
that chimney in which there is no fire.

Chimneys often overpower each other, and so produce smoke
in the room. If, for example, there are two fire-places in one
large room, with fires in each, and the doors and windows
closed ; if the two fires do not burn equally well, either from
not being lighted at the same time, or not equally supplied
with fuel, or from any other cause, the stronger fire will
overpower the weaker, and draw the air down its funnel to
supply its own demand, bringing the smoke with it. Two
chimneys in different rooms, which communicate by a door,
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may also act in this way whenever the door is opened; so,
also, in a house where all the doors and windows fit tightly, a
strong kitchen chimney on the lowest floor may overpower
any other chimney in the house, and draw air and smoke into
the rooms as often as a door communicating with the stair-
case is opened. Dr. Franklin mentions the case of a noble-
man’s house in Westminster afflicted with this troublesome
complaint. It was a new lhouse, and after the owner had
paid for it, and discharged all claims, he had to expend £300
more before the smoky chimneys were cured. Of course,
the only remedy for this disorder is, to provide each room
with the means of furnishing the fire-place with a sufficient
supply of air for the combustion of the fuel. When will
architects and builders be convinced of the faect, that fire-
places, as well as human beings, require constant supplies of
fresh air, and that it is their duty to provide every room with
air channels, placed so as to feed the fire without annoying
the inmates ?

Another froitful source of smoky chimneys is, when their
tops are commanded by higher buildings, or by a hill, so that
the wind blowing over them, falls like water over a dam,
sometimes almost passing over the tops of the chimneys, and
beating down the smoke. If the funnels cannot be raised, so
that their tops may be of the same height or higher than the
eminence, the only remedy is to mount one of those ugly con-
trivances with which the chimney-doctors delight to satirise
the architect and builder, and which are thus enumerated
in an amusing article in Chambers's Edinburgh Journal :—
“The simplest of all consists in the well-known revolving
bonnets or cowls, with wind-arrows on their summits ; which,
by the way, were once called ¢ Bishops’ in Scotland, while
a friend assures me, that in the west of England he has
heard them styled ¢ Presbyterians. The philosophy of this
contrivance is sufficiently simple—in whichever direction the
wind blows, the mouth of the chimney is averted from it.
This principle has its development in a thousand devices—
some looking like Dutch ovens come up to see the world,
some like half sections of sugar-loaves, some like ecapital H's,
and sundry other pleasing objects. The red chimney-pots,
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too, have contrivances of a similar intention, in the diverging
spouts and cavities and twists which some of them delight in.
A different species is the perforated whirling variety, which
seem perpetually whizzing round for the mere fun of the
thing, since any good they do is extremely apt to escape
detection. They are alively-looking apparatus ; but on squally
nights, and when the pivot becomes a little rusty, the musieal

sounds they give forth can scarcely be considered agreeable.

Among the more ingenions of smoke-curers, an invention of
recent origin, named the ¢ Archimedean screw wventilator’
deserves a place. It consists, as its name implies, of wind-
vanes attached to the extremity of a revolving screw. When
the wind strikes these vanes, it produces a rapid revolution
of the serew, which is thus supposed to wind up the smoke or
vitiated air from below. Perhaps it serves the proposedend ;
but whether the positive advantage thus gained is not lost
by the obstruction of such apparatus to the free passage of
smoke in calm weather, is a point in my estimation more
than questionable. For the relief of such chimneys as only
smoke in windy weather, perhaps this and other forms of
external apparatus are best adapted. Another invention of
equal merit is a chimney-cap of metal externally grooved in
a series of spiral curves up the pipe, which end in a kind of
mouth-piece, from whence the smoke issues. The wind, when
impelled against this apparatus, is supposed to take some-
what of the direction of the spiral grooves, and thus to form
an upward current to assist the emission of the smoke.” One
of the most recent of this class of inventions is “ Day's wind-
guard,” which consists of an octagonal metallic chimney-cap,
having four slits in it, which are protected by projecting
pieces or glips of metal. When a current of air strikes in
any direction against the cap, it reflects or turns the air in
such a manner as immediately to produce a draught up the
pipe. “In casting one’s eye down the long streets of the
smoky city, in taking a survey of the roofs and their tor-
mented chimneys, the infinity of other contrivances is so great,
that it is scarcely a poetical hyperbole to say our pen-starts
back from it. Here is patent upon patent, scheme after
scheme, each doing its best, no doubt, to obtain the mastery
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over that simple thing—smoke ; and each with a degree of
snecess of a very hopeless amount. There appears to me
something intensely ludicrous in these struggles against what
seems to be an absurd, but an invincible foe ; the very element
of whose success against us lies in our not strangling him in
his birth., Many obstacles are in the way, no doubt; there
are obstacles in the way of every good; but I have little
doubt, that had the perverted ingenuity which has misspent
itself upon the chimney-pots been directed to the fire-
place, we might have now had a different tale to tell. The
smoke nuisance is langhed at as a minor evil, by a great
practical people like ourselves, who heroically make up our
minds to put up with it ; but when it is considered as an item
in the comfort, cleanliness, and health of a whole nation, it
assumes, or should assume, a different position.”

We do not by any means affirm that cowls and similar con-
trivances are always effectual in the cure of smoky chimneys ;
for it is easy to imagine cases where chimneys will, or rather
must smoke, in spite of the whole host of caps, cowls, and
vanes. Forexample, when a commanding eminence is farther
from the wind than the chimney commanded, the wind would,
as it were, be dammed up between the house and the emi-
nence, and force its way down the chimneys in whatever
position the turn-cap or other contrivance might be situated.
Dr. Franklin mentions a ecity in which many houses were
tormented with smoky chimneys by this operation, for their
kitchens being built behind, and connected by a passage with
the houses, the tops of the kitchen chimneys were thus lower
than the tops of the houses, and thus, when the wind blew
against the backs of the houses, the whole side of a street formed
a dam, and the obstructed wind was forced down the kitchen
chimneys, and passed along the passages into the houses, and
so into the street. Thiswas especially the case when the kitchen
fires were burning badly. In summer, the annoyance assumed
a different form, for the smoke was wafted from the kitchen
chimneys into the chambers of the upper rooms.

Chimneys, which otherwise draw well, will often smoke from
the improper situation of a door. Thus when the door and
the chimney are on the same side of the room, and the door
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being in the corner, is made to open against the wall, as is
usually done, to have it more out of the way, it follows that,
when the door is partially opened, a current of air rushes in
and passes along the wall into and across the opening of the
fire-place, and whisks the smoke into the room. This happens
more frequently when the door is being shut, for then the force
of the current is increased, and persons sitting near the fire
feel all the inconvenience both of the draught and of the smoke.
A remedy may be found by an intervening screen, projecting
from the wall and passing round a great part of the fire-place ;
or still better, by shifting the hinges of the door, so as to throw
the air along the other wall.

A room with no fire in it is sometimes filled with smoke
from the funnel of another room, in which a fire is burning.
This arises from changes in densily of the air in the cold
funnel, from changes in temperature by day and by night, as
well as from changes in the direction of the wind. It is found
that when the temperature of the outer air and of that in the
funnels is nearly equal, the air begins to ascend the funnels as
the cool of the evening comes on, and this current will con-
tinue till nine or ten o’clock next morning ; then, as the heat
of the day approaches, it sets downward, and continues to do
so till evening; it then changes again, and continues to go
upwards during the night. Now, when the smoke from the
tops of neighbouring funnels passes over the tops of funnels
which are drawing downwards, the smoke is also drawn down,
and descends with the air into the chamber. The remedy
proposed by Dr. Franklin was, to contract the opening of the
chimney to about 2 feet between the jambs, and to bring the
breast down to about 3 feet of the hearth. An iron frame is
then placed just under the breast, and extending to the back
of the chimney, so that a plate of iron may slide horizontally
backwards and forwards in the grooves on each side of the
frame ; this plate, when thrust quite in, fills up the whole
gpace, and shuts up the chimney entirely when there is no
fire. DBut when there is a fire, it can be drawn out, so as to
leave between its further edge and the back a space of-about
2 inches, which is sufficient for the smoke to pass; and so
large a part of the funnel being stopped by the rest of the

- o i
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plate, the passage of warm air out of the room up the chimney
is in great measure prevented, as 1s also the cold air from
crevices to supply its place. The effect is seen in three
ways:—1. When the fire burns briskly in cold weather, the
howling or whisking of the wind, as it enters the room
through the crevices when the chimney is open, ceases as
soon as the plate is slid in to its proper distance. 2. Opening
the door of the room about half an inch, and holding the hand
against the opening near the top of the door, you feel the cold
alr coming in against your hand, but weakly if the plate be in.
Let another person draw it out, so as to let the air of the room
go up the chimney with its usual freedom in open chimneys,
and you immediately feel the cold air rushing in strongly.
3. If something be set against the door, just sufficient when
the plate is in to keep the door nearly shut, by resisting the
pressure of the air that would force it open, then, when the
plate is drawn out, the door will be forced open by the
increased pressure of the outward cold air endeavouring to
get in, to supply the place of the warm air that now passes
out of the room to go up the chimney. “In our common
open chimneys,” says the Doctor, “ half of the fuel is wasted,
and its effect lost; the air it has warmed being immediately
drawn off.”

The form of the chimney-pot has also an influence on the
free passage of the smoke. Many of those fancy chimney-
pots ornamented, singly or clustered together, will cause the
chimneys to smoke in strong winds; the ornaments serving
as points of resistance to the wind, after reflecting it down the
chimney ; and the clustered arrangement presenting a broad
resisting surface, so that the wind, in blowing against them,
rises up along the surface, and blows strongly over the mouths
of the pots, so that the smolke cannot force its way through the
blast. In Venice the top of the flue is rounded into the true
form of a funnel, and this is often found to answer the purpose;
but, at present, we do not know of any remedy except a turn-
cap, or one of the many inelegant contrivances, already re-
ferred to, which give such wonderful variety to the sky line
of most of our houses and public buildings.

Cases of smoky chimneys may arise, which may puzzle
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the science of the most accomplished smoke-doctor, We
borrow two such from Franklin. “I once lodged,” he says,
““in a house in London, which, in a little room, had a single
chimney and funnel. The opening was very small, yet it did
not keep in the smoke, and all attempts to have a fire in this
room were fruitless. I could not imagine the reason; till at
length, observing that the chamber over it, which had no fire-
place in 1t, was always filled with smoke when a fire was
kindled below, and that the smoke came throngh the eracks
and crevices of the wainscot, I had the wainscot taken down,
and discovered that the funnel which went up behind it had
a crack many feet in length, and wide enough to admit my
arm ; a breach very dangerous with regard to fire, and occa-
sioned, probably, by an apparent irregular settling of one side
of the house. The air entering this breach freely, destroyed
the drawing force of the funnel. The remedy would have
been, filling up the breach, or rather rebuilding the funnel;
but the landlord rather chose to stop up the chimney.”

The second case occurred at the house of a friend near
London. * His best room had a chimney, in which he told
me he never could have a fire, for all the smoke came out into
the room. I flattered myself I could easily find the cause, and
prescribe the cure. I opened the door, and perceived it was
not want of air. I made a temporary contraction of the
opening of the chimney, and found that it was not its being
too large that caused the smoke to issue. I went and looked
up at the top of the chimney; its funnel was joined in the
same stack with others, some of them shorter, that drew very
well, and I saw nothing to prevent its doing the same. In
fine, after every other examination I could think of, T was
obliged to own the insufficiency of my skill. DBut my friend,
who made no pretension to such kind of knowledge, afterwards
discovered the cause himself, He got to the top of the funnel
by aladder, and looking down, found it filled with twigs and
straw cemented by earth, and lined with feathers. It seems,
the house, after being built, had stood empty some years before
he occupied it; and he concluded that some large birds had
taken the advantage of its retired situation to make their nests
there. The rubbish, considerable in quantity, being removed,
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and the funnel cleared, the chimney drew well, and gave
satisfaction.”

It has been remarked, that chimneys situated in the north
wall of a house do not draw so well as those in a south wall,
because when cooled by north winds, they are apt to draw
downwards. Hence, chimneys enclosed in the body of a house
are more favourably situated than those in exposed walls.
Chimneys in stacks often draw better than separate funnels,
becanse those that have constant fires in them warm those in
which there are none.

We have been tempted by Dr. Franklin’s amusing letter
to enlarge somewhat on the subject of smoky chimneys, for-
getting that the history of the Englishman's palladium, the
open fire-place, is by no means complete. It is astonishing
how little impression Dr. Franklin’s labours in the art of
warming rooms seem to have made, for when towards the
end of the century a more influential, if not more zealous,
labourer in the same department appeared, he found abun-
dant defects to cure, waste of fuel to remedy, and much dis-
comfort to get rid of.

Count Rumford may be considered, in many respects, as a
public benefactor. It is scarcely possible to overestimate the
amount of good effected by means of his homely inventions
and familiar Issays. He was equally at home in improving
a chimney fire-place or a coffee-pot, a private bath or a
public kitchen ; he showed equal zeal in investigating the
laws of heat and the condition of the poor; and even now,
after a lapse of seventy years, we find his Essays * very
pleasant reading. But the Essay that most concerns us here
18 the fourth, “ Of Chimney Fire-places, with proposals for
improving them, to save fuel; to render dwelling-houses
more comfortable and salubrious, and effectually to prevent
chimneys from smoking.” Issay XI. is entitled, “ Supple-
mentary of Chimney Fire-places.” Essay VI. is also “ On
the Management, Offices, and the Economy of Fuel.” The
fire-places which Count Rumford proposed to improve were
large square cavities with the back of equal width with the

® ¢ Essays, Political, Economical, and Philosophical.” By Benjamin,
Count of Rumford. 4 vols. 8vo. London, 1796—1802.
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opening in front, with the sides or covings parallel, so that
the heat from the fire could not be reflected into the room
from them, and the large open corners occasioned eddies of
wind, which frequently disturbed the fire, and prevented the
smoke from ascending, and even whirled it into the room.
The Count very properly defines the object of a chimney
fire as being simply to warm the room. He then, with naive
formality, proceeds to say that it is necessary, first of all, to
contrive matters so that the room shall be actually warmed ;
secondly, that it be warmed with the smallest expense of fuel
possible ; and thirdly, that in warming it the air of the room
be preserved perfectly pure and fit for respiration, and free
from smoke and all disagreeable smells. The quantity of
heat that goes off, combined with the smoke, vapour, and
heated air, is at least three or four times greater than that
which is radiated from the fire.* All the combined heat
escapes up the chimney, and of the radiant heat only a small
portion escapes into the room. If the smoke and combined
heat were made to pass by a winding flue into the room above,
such heat might be turned to account instead of being thrown
to waste into the atmosphere. Alluding, in another part, to
the plague of smoke, he says, “I never view from a distance,
as I come into town, this black cloud which hangs over
London, without wishing to be able to compute the im-
mense number of chaldrons of coal of which it is composed ;
for could this be ascertained I am persuaded so striking a
fact would awaken the curiosity and execite the astonishment
of all ranks of the inhabitants, and perhaps turn their minds
to an object of economy to which they had paid hitherto
little attention.”

The Rumford stove (as it is incorrectly called) has made
the Count’s name familiar among all classes, and 1s so
well known, that a description is scarcely necessary. The
Count’s essential improvement consisted in contracting the
area of the fire-chamber, and placing a flat surface in each
interior angle, as in the plan Fig. 31, so as to reflect that
portion of heat into the room which in the old square

* In his Sixth Essay, Count Rumford states that not less than seven-
eighths of the heat generated is carried up the chimney and is lost.
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chambered grates escaped up the chimmney. The throat
. of the chimney was also greatly reduced in size, and the
breast-work, a (Fig. 30), rounded off, in order to afford
less obstruction to the ascent of the smoke.
When the chimney required sweeping, the
plate or flagstone, b, could be removed so
as to open the throat, and be replaced after
the operation.  According to Rumford, in
order to obtain the greatest effect from the
fuel, the sides of the fire-place ought to be
placed at an angle of 135° with the back
of the grate, or, which is the same thing,
at an angle of 45° with a line drawn across
the front of the fire-place. (See Fig. 31.)
These angular covings were not to be of
iron, but of some non-conducting substance,
guch as fire-clay, and polished with black-lead. He objected
to cireular covings, on the ground that they produced eddies
or currents, which would be
likely to cause the chimney
to emoke ; and he also ob-
jected to the old form of ~
’
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registers or metal covers to 1 A
- the breast of the chimney, i 4

for the same reason; and
also because by their sloping
npwards towards the back of the fire-place, they caused the
warm air from the room to be drawn up the chimney, and
thus interfered with the passage of the smoke. These regis-
ters are now arranged so as to be lower at the back than at
the front of the stove, but they are usually placed too high up.
If brought down lower, and placed at an angle of 45°, much
of the heat of the fire would be reflected into the rocm.
The Count also greatly diminished the size of the fire-grate,
and considered the best proportions for the chimney recess
to be when the width of the back was equal to the depth from
front to back, and the width of the front or opening between
the jambs three times the width of the back.

Count Rumford was very enthusiastic about his fire-places,

Fig. 31.
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and he communicates his enthusiasm to his Essays. There
is, indeed, a charm about them which belongs to a man who
is in earnest in his pursnit. He returns again and again
to the point in hand, recapitulates, reiterates, gives directions
for laying out the work; wood engravings with separate
descriptions; lists of persons who have adopted his plans with
sueccess; lists of workpeople who execute the work; and, follow-
ing the example of Dr. Franklin, he requests everybody to
observe that, as he does not intend to patent any of his inven-
tions which may be of public utility, all persons are at full liberty
to imitate them and vend them for their own emolument, and
those who wish for further information will receive gratis all
the information they can require, by applying to the author,who
will take pleasure in giving them every assistance in his power.
Count Rumford’s improvements so evidently led to a
saving of fuel and an increase of comfort that they made a
permanent impression. His register stove has continued in
use to the present day. The principles of its construction
were laid down by Tredgold * in the following manner :—
““To determine the position of the covings, u 1, so that they
shall be best adapted for reflecting the heat of the flame into
the room, we may consider r to be the focus of the fire, then
if b A be at an angle of 45° in respect of » E, the heat from a
portion of flame at the focus, v, would be reflected into the
room in a direction per-
‘ pendicular to the line o E,
Al which here represents the
: front of the grate, the
angle of incidence being

L At #""l\" equal to the angle of re-
= - €. flection, which is the con-

o 5 dition required to be ful-
Fig. 52. filled. The same will be

true of a portion of flame at any other part of the fire.
Therefore, to set out the covings so that they will reflect the
heat with advantage into the room, make = the middle of
the front of the grate, and E p half the width which is con-

venient for the opening, and make A  perpendicular, and

* < Principles of Warming and Ventilating Public Buildings.” 1824,
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equal to o ; then join A p, and it is the direction in which
the coving should be placed. A greater obliquity would be
still more effective, because it would spread the rays more
into the room, but is not convenient in other respeets. The
back of the fire is usually straight; but, unless the fire be small,
it is an advantage to make the back in two parts, forming an
obtuse angle at e ; in this angle the smoke collects and ascends
with less obstruction than when it is dispersed over a flat
surface. It is not necessary that the form of the fire should
be regulated by the position of the covings, because its form
does not affect the reflections; on the contrary, acute angles
ghould be avoided, and the fuel kept in mass as much as
possible. The form for the fire marked a b ¢ d, in the figure, is
drawn with the angles as acute as they ever should be made.”

Passing over numerous modifications of the register stove
a3 not involving any new principle, we come to the year
1815, when Mr. Cutler took out a patent for a register stove
with a chamber or magazine beneath the grate for contain-
ing sufficient fuel to last a whole day. The following descrip-
tion is from the article *““Stove” in Rees's Cyclopeedia :—* The
bottom plate of the chamber is movable, and by means of
a wheel and axle the fnel contained in the chamber can be
raised so as to bring a portion of it into the grate at the
lower part or from beneath, and thus from time to time re-
place the fuel that is consumed without the trouble of throwing
on coals. Mo make the fire burn, the flue must be so con-
structed as to produce a strong draught through and across
the top of the fire. Introducing the fresh coals from beneath
canses the smoke therefrom to be consumed in passing
through the superposed hot coals. Another improvement is
to reduce or extinguish the fire ; the fire is lowered into the
chamber beneath the grate, and is thus deprived of a supply
of fresh air, and is consequently soon extinguished ; moreover,
sparks cannot fly out, so that the fire may be left with safety.
By burning the smoke the full effect of the fuel is obtained ;
and were this generally practised in London the air would be
as free from smoke as in Paris, and other Continental cities ;
chimney sweeping would be unnecessary ; there would be no
danger of soot in the flue catching fire, and smoke would not
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descend from chimneys into rooms. The saving the trouble
of putting on coals ; the continnally bright and cheerful fire,
and the easy and safe means of extinguishing the fire at night,
are matters of importance ; especially the last, considering how
many fires occur in the night, doubtless occasioned by fires left
unextinguished. The machinery for raising the bottom of the
stove is simple. The chamber consists of iron plates screwed
together, with a movable bottom fitted to it. A bar is fixed
across beneath the bottom, the ends of which pass through
glits in the side plates. To the extremities of the bar are
attached the ends of two chains, which are made to wind
upon the ends of a horizontal axle which extends over the
top of the stove, so as to be out of sight in the chimney. The
. axle is turned by a crown wheel,
;617 which turns a pinion, the axis of
v which appears through the iron-
< work of the stove; in this end is a
' square hole for receiving a winch
handle ; thus, by means of the axle
and chains, the bottom plate is
{ raised, and fresh fuel is added to
the lower part of the fire.”

Cutler’s arrangement does not
scem to have met with much sue-
cess, probably on account of the
small amount of extra trouble re-
quired to feed the fire from below,
instead of the off-hand plan of throw-
ing the coals on the top. Catler’s
plan was also wanting in simplicity.
Dr. Arnott has effected the same
object by somewhat simpler means,
in an invention which he calls “ The
Smokeless Fire-place.,” This is de-
secribed by him in a work* from
which we gather the following particulars :—Fig. 33 shows
the arrangements of this fire-place. The fire-box, ¢ fg I, con-

# ¢ (On the Smokeless Fire-place, Chimney-valves, and other means, old
and new, of obtaining healthful Warmth and Ventilation.” By Neil Arnott,
M.D,, F.R.S., &c. London, 1855.

.
e

Fig. 33.

= A



THE SMOKELESS FIRE-PLACE. 117

taining the charge of coal for the day’s consumption, has a
movable false bottom or piston, ss, supported by a piston-rod,
m n, furnished with notches in which the cateh, ¢ «, engages so
as to support the piston at any required height. By placing the
poker in one of these notches, and resting its point on some
fixed support, it may be used as a lever of the second kind for
raising the piston, and bringing a fresh supply of fuel into the
grate. Should it be required to replenish the coal-box while
the fire is burning, as when the piston is on a level with the
bottom bar of the grate, ¢ f, a broad flat shovel or spade, of the
ghape of the bottom of the grate, is pushed in over the piston,
which being let down to the bottom of the coal-box, the spade
is raised in front by its handle, when the two front bars of the
grate, yielding upwards to the pressure, expose the mouth of
the coal-box, and a new charge of coal being shot in, the
spade is withdrawn. In lighting the fire the wood is laid
on the upper surface of the fresh coal in the box, with a
thickness of 3 or 4 inches of cinder or coked coal from the
fire of the preceding day; when the wood being lighted,ignites
the cinder above, and distils some of the pitchy vapour from
the fresh coal below, and rising through the wood, flame, and
cinders, burns with a flame. When the cinder is fairly
ignited, the volatile portions of the coal, passing through the
fire, will be decomposed and resolved into invisible products
of combustion, and the fire will remain smokeless. Of course
it is not necessary to let the fire go out every day. If the
coal-box be filled once or twice a day, according to the re-
quirements of the grate, it will go on smouldering during the
hours of the night, and can be quickly brought into full
activity in the morning by raising the piston rod. It isa
point of importance that the piston shall fit accurately in the
box, to prevent the ingress of air from below, or in other
words, to limit the combustion to that part of the fire which
is visible from the room. If, however, it is required that the
fire shall give out heat during the night, a small opening is
made at the bottom of the coal-box for the admission of air,
8o that the combustion may be somewhat quickened. This
opening also admits of enlargement for the purpose of remove
ing the coal dust and ashes before lighting the fire.
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I am not able from personal experience to speak of the success
of this grate.* Itssuccess asa smoke consumer must depend on
the proper action of the piston and ratchet bar : I have heard
of one or two cases where the piston has become fixed by a
foreign body, such as a nail in the coal, and also by the fusion
of matters in the coal: the ratchet-catch and bar may now
and then get out of order, but the chief source of failure in
this grate is the impatience which servants display on having
to raise the fire so as to feed it from below. With them, the
quickest and most natural method of feeding a fire is by dis-
charging upon it an avalanche of coals from the scuttle. I
have known even the mistress herself thus convert the smoke-
less fire-place into an eminently smoky one. Besides, it is not
certain that the so-called “ combustion of smoke ” produces so
many advantagesas the public suppose. It is true that the
smoky atmosphere of London entails great labour and expense
on its inhabitants in maintaining cleanliness. Dr. Arnott states
that the cost of washing the clothes of its inhabitants is
greater by 24 million pounds sterling a year than for the same
number of familiesresident in the country, to say nothing of the
injury of such articles as carpets and curtains, female apparel,
books and paintings, decorations of walls and ceilings, and
even the stones and bricks of the houses themselves, from
the same canse, Then again, the frequent washing of hands
and face leads to an increased consumption of soap. Many
flowering shrubs and trees either cannot live or do not thrive
in a London atmosphere. These and many similar charges
have been brought against the smoke of London, by which

# A scientific friend writes of this stove as follows :—* It is rather trouble-
some to manage, because I keep it going night and day in the winter
time ; but I find the ecomfort of it to be well worth the trouble, as the room is
warm in the morning, and I have merely to work the piston up two or three
pegs, and get into bed again ; the fire then burns up of itself. In the day time
it is allowed to smoulder in the box, and is worked up a little at night. It
burns one small scuttle-full of coals in twenty-four heurs in cold weather,
and when only just kept alight it has gone for forty-eight hours with one
scuttle-full, which just fills the box of the stove. It is a great acquisition
for a person with delicate lungs. The chief trouble is in filling the box while
the fire is alight. If, hmm\rer, the fire is allowed to go out, and is lit again
each day or night, there is not much trouble with it; in fact less than with
an ordinary fire-place, if we reckon the trouble of stlrrmg and putting on
coals at intervals during the day. The keeping-alight-all-night-without-
touching property, is what I bought it for.”
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is meant that portion of the fuel which has escaped combus-
tion, and is discharged from chimneys in a minutely divided
form, constituting the soot or visible smoke of a coal fire.
The combustion of smoke, in its truest sense, can only get
rid of this visible portion of the products of combustion,
which is so obvious as to offend the eye, and contaminate
the houses and their inhabitants. We cannot, however, agree
with those who imagine that by getting rid of the wvisible
carbon, we should greatly improve the health of the metro-
polis. Smoke is really a complicated product ; the coal which
is burnt in an open fire resolves itself into carbonie acid and
water far greater in weight than the weight of the fuel origi-
nally burnt, together with small quantities of ammonia and
sulphurous acid, flakes of pitchy bituminous matter, soot, dust,
and ashes. Some injury is no doubt caused by inhaling the
soot ; but by passing the smoke through the fire or setting
in operation some smoke-consuming apparatus, we convert
the visible into an invisible smoke, cleaner, it is true, but
gcarcely more wholesome than the murky cloud which hangs
over our city. We increase the quantity of carbonic acid, and
do not get rid of the sulphur compounds ; and it is these latter
which are so inimical to vegetable life, and prevent the growth
of that minute vegetation on the surfaces of stone buildings
which, while clothing them in picturesque tints, protects them
- from the disintegrating effects of the weather. The sulphurous
- acid has also a directly corrosive action on the stone itself,
on vegetation, furniture, and most objects that it comes in
contact with.,

But Dr. Arnott’s fire-place has other merits in addition to
that of consuming its own smoke. Under ordinary circum-
stances, the smoke of an open fire consists, not only of the pure
products of combustion, but of the air of the room, which econ-
stantly streams into the open space above the fire, mingles
with the smoke, dilutes it, and sets in motion the numerous
chink draughts which render the open fire-place objectionable.
Now, the quantity of pure smoke given off by a fire 1s com-
paratively small, consisting as it does of the air which actually
passes through the fire to maintain the combustion, and the
consequent combination of the oxygen of such air with the
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carbon, hydrogen, &e., of the fuel. The air which streams
into the chimney from the room above the fire is a wasteful
expenditure of the heat of the fire. To prevent this, Dr.
Arnott places over the fire a cover or hood of metal, y a b
(Fig. 33), or, which he prefers, the space over the fire is
gimilarly contracted by brickwork, The effect of this is,
according to him, a saving of from one-third to one-half of
the fuel required to maintain the desired temperature. The
narrow part of the hood or brick channel is furnished with a
throttle valve or damper, ¢, to regulate the current of air which
passes into the chimney. This valve should not be opened
more than enough to let the transparent smoke pass through.
The size of the front opening of the fire-place admits of being
contracted by means of a movable plate or blower, o p ¢,
80 as to be able to raise the fire into activity in a few minutes.
By the above arrangements, chink draughts from doors and
windows are diminished, and they may be stopped altogether
by making a special provision for the supply of air to the fire.
This is done by means of the channel, % /, under the floor,
leading directly from the external atmosphere to the hearth.
The air coming in contact with the hot fender becomes
tempered before it spreads into the room, while the pro-
ducts of respiration and of the combustion of lamps and
candles are got rid of by means of the balanced valve, v,*
which can be shut or left free to open by regulating the screw
at x.

A skilful combination of the air-tube and caliducts of
Ganger’s fire-place has been made by Mr. Francis Lloyd,
and described by him in the pamphlet mentioned below.}
On considering the structure of an ordinary register stove, it
occurred to him, that a considerable portion of the hollow
gpace behind it might be turned to useful account, by sub-
stituting for the mere shell of cast-iron one horizontal and
two upright tubes or caliduets, and by connecting them with

# This valve will be more particularly deseribed further on. It is a happy
adaptation of Dr. Franklin’s suggestion as applied to the Pennsylvanian
fire-place, page 98, ante, ‘

T ¢ Practical Remarks on the Warming, Ventilation, and Humidity of
Rooms.” London, 1854.—Mr. Lloyd has also published * A Description of
Tmproved Hollow Bricks and Brickwork, intended to facilitate the Ventilation
of Rooms.” December, 1855,
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one beneath the hearth-plate, to form a eontinuous tube round
the fire, for the purpose of warming the air which passed
through it. The air thus warmed was next to be admitted
to the room in such a way that the inflowing current should
not incommode the ocenpants. The upper part of the mantel
scemed well adapted to this purpose, and supposing the upper
horizontal tube to have an opening or slitextending along the
top, and the stove being set sufficiently forward to place this
glit beyond the line of the chimney-breast, the upper mantel,
and mantel-shelf, could be formed so as to continue the pas-
sage-way from this tube, and thus the warm air would be
discharged upwards into the room at about 4 feet above
the level of the floor. The plan was adopted with success in
Mr. Lloyd’s house in town, and a second, and still more suc-
cessful, experiment was tried at his country residence.

“The dining-room of a house, a few miles from town, was
rendered scarcely habitable in consequence of the chimney
gmoking. The room (which was about 16 feet square and 8
feet high) was on the ground-floor, with no basement-story
beneath. It was a few inches below the level of the garden in
front, and had a provision for the circulation of air beneath the
floor. The house was old, with doors and windows fitting but
mditferently. The stove was of modern malke; but the fire
invariably burnt dull, and the room was scarcely ever well
warmed. Asthe room was required for daily use by the family,
alterations to the old stove would have caused inconvenience ;
a new register stove, of the ordinary dining-room kind, was
therefore selected, with a view of trying how such an one eould
Le fitted with air-tubes. The plan of the new stove is shown
in Fig. 34, To the cheeks and the back of the face, ¢ «, of the
stove, were riveted two strips of sheet-iron, bent in the form

Fig. 34. Fig. 35.

shown in Fig. 35. The plan then appeared as in Fig. 36. Two

side chambers or tubes, & b, being thus obtained, the back of

the npper face of the stove was fitted with a rectangular tube,
- G
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also of sheet-iron, which was connected with the two side
tubes, making uninterrupted communication between them.
The old stove was set very far back in the chimney shalft,
and was fitted with a large marble mantel, the displacement
or altering of which was on many accounts objectionable ; it
was therefore determined, in this instance, to admit the air
into the room immediately under the mantelpiece, and after-
wards to adopt means for preventing any inconvenient rush
of air in a horizontal line into the room. The area of a
section of each of the side tubes exceeded 18 inches, while
that of the horizontal tube was about 40 inches. The width
of the face of the stove was 3 feet; and to furnish the means
for the admission of the air into the room, an opening of 1
inch in width was left at the top of the horizontal tube, in its
vertical face, extending its whole length. A hearth-plate of
cast-iron was then provided with openings corresponding to
the horizontal section of the side tubes as shown in the plan.
The hearth-plate was then set with a chamber beneath,
extending in the middle as far back as the line of the front
firebars. From this chamber a zine tube, 6 inches square,
was carried under the marble hearth beneath the floor,
through the front wall into the garden, where it was carried
up to the height of 14 inches, and was furnished with a
cap having sides of finely perforated zine. A passage way
of 36 inches area was thus obtained beneath, around, and
above the front part of the stove, while there was a corre-
sponding ingress for the air from the garden, and egress from
the upper part of the stove into the room. The stove was set
in the ordinary manner; and within twenty-four hours of the
removal of the old stove, a fire was lighted in the new one,
and the room was in occupation. It was at once evident that
the tendency to smoke was remedied, and the fire burnt freely
and cheerfully. As it was felt to be an important point to
introduce the air into the room in such a direction that its
entrance should not be perceptible, the air-opening was
furnished with a metal plate bent in such a form as would
direct the air-stream towards the ceiling, and also admit of
the supply being diminished, or stopped entirely, as might be
found desirable. The complete and agreeable change in the
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character of the air of the room was at once apparent to every
one; and instead of the room being barely habitable in cold
weather, it was found to be the most comfortable in the house.
This stove was fixed at the latter end of December, 1850, and
Las been in use ever since, without the slightest difficulty
of management, and with entire satisfaction to the inmates of
the house. During the first winter careful observations were
made on its action, and the results are in many respects
remarkable. 'Within an hour after the fire is lighted, the air
issuing from the air-passages is found to be raised to a com-
fortable temperature ; and it soon attains a heal of 80° at
which it can be maintained during the day with a moderate
fire., The highest temperature that has been attained has
been 95° whilst the lowest on cold days, with only a small
fire, has been T0°. The result of twenty observations gave
the following temperatures :—On two occasions the tempera-
ture was 957; the fire was large, and the door of the room was
left open, so that the draught through the air-tubes was
diminished ; on five occasions the temperature was below 807,
averaging 75°, the remaining thirteen gave an average of 80°.
The mean temperature of the room at the level of respiration
was 61°, while the uniformity was so perfect that thermo-
meters hanging on the three sides of the room rarely exhibited
a greater difference than 1°, although two of the sides were
external walls. As might be expected, there was no sensible
dranght from the door and window. On observing the
relative temperatures of the inflowing and general air of the
room, it appeared that there must be a regular current from
the ceiling down to the lower part of the room, and thence to
the fire. The inflowing current being of a temperature nearly
approximating to that of the body, was not easily detected by
the hand; but on being tried by the flame of a candle it was
observed to be very rapid, and to pursue a course nearly
perpendicular towards the top of the room, widening as it
ascended. It was also noticed that the odour of dinner was
imperceptible in a remarkably short time after the meal was
concluded. In order to trace the course of the air with some
exactitude, various expedients were made use of. It was felt
to be a matter of great interest to ascertain if possible the
G 2
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direction of air respired by the lungs. The smoke of a cigar, as
discharged from the mouth, has probably a temperature about
the same as respired air, higher rather than lower, and was
therefore assumed to be a saticfactory indicator. On its being
repeatedly tried, it was observed that the smoke did not ascend
to any great height in the room, but tended to form itself into
a filmy cloud at about 3 feet above the floor, at which level it
maintained itself steadily, while it was gently wafted along the
room to the fire-place. In order to get an abundant supply of
visible smoke of a moderate temperature, a fumigator charged
with cut brown paper was used. DBy this means a dense
volume of smoke was obtained in a few seconds; and it con-
ducted itself as in the last-mentioned experiment. On dis-
charging smoke into the inflowing air-current, it was diffused
so rapidly that its course could not be traced, but in a short
time no smoke was observable in the room. Another experi-
ment was made with a small balloon, charged with carburetted
hydrogen gas, and balanced to the specific gravity of the air.
On setting it at liberty near the air-opening, it was borne
rapidly to the ceiling, near which it floated to one of the sides
of the room, according to the part of the current in which it
was set free; it then invariably descended slowly, and made
its way with a gentle motion towards the fire. The air has
always felt fresh and agreeable, however many continuous
hours the room may have been oceupied, or however numerous
the occupants. It is difficult to estimate the velocity of the
inflowing current; but if it be assumed to be 10 feet per
second, there would pass through the air-tubes in 12 minutes
as much air as will equal the contents of the room. And as
it appears that the air so admitted passes from the room in a
continuous horizontal stream, carrying with it up the chimney
the rarefied air, the exhalations from the persons present, the
vitiated air from the lamps or candles, and all vapours rising
from the table, it is by no means surprising that the air should
always be refreshing and healthful. Since this stove has been
fixed, others have elsewhere been fitted up on the same
principle, and have been found to exhibit similar satisfactory
results.”

The tubular stove is shown in vertical and horizontal sec-
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tion at Figs. 37 and 38, in which a is a flue 6 X ) inches, for
conducting the external air from the outer wall to the under
side of the hearth-plate, b ; ¢ ¢ are openings in the hearth-
plate, b, communicating with two upright tubes of similar
form, which conduct the air entering at a upwards to the hori-
zontal tube, d. This tube is fitted to the two upright tubes, and
has an opening extending along its whole length. If the width
of the stove be 3 feet, this opening ehould be 1} inch wide.
The stove should be set 1§ inch forward from the chimney-
breast; f is the upper mantel, standing forward from the
chimney-breast, ¢, 14 inch ; g is the mantel-shelf, with a por-
tion of the back next the chimney-breast cut away, in order
to continue the air-passage; his a thin

—-L—JV@L glab of marble, 1} inch deep, built into
: === the chimney-breast, and extending to the
o :[, J:'ir width of the mantel ; it serves as a sup-
[ > F&' port for a chimney-glass, and also to divert
- == the current of air from flowing directly
A T up the chimney-breast; ¢ is a strip of
=i et metal or marble, which serves to guide
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Fig. 37. Section. Lloyd’s Tubular Fire-place. Fig. 38. Plan,

the air-stream upwards. By moving ¢ to A, the supply of
air may be regulated ; or « may be fixed, and a thin strip of
metal fixed on centres at the extremities be placed between
¢ and h, so as to act like a throttle-valve. The opening
between 7 and & need not be more than 1 inch.

Mr. Lloyd has also shown how hollow bricks may be em-
ployed =o as to afford cheap, simple, and effectual means of
ventilation, well adapted to the humbler class of dwellings.
Fig. 39 is a brick of ordinary dimensions, containing two
perforations, each about 2 inches square; Fig. 40 is a similar
brick with pieces of the sides cut away; and Fig. 41 is an
arrangement of these bricks, in which the dotted lines mark
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air-channels intended for the back of the fire-place and chim-
ney-shaft. These air-flues may be carried to any height, and
to the right or left, as required, so that the heat at the back
of the fire-place and of the chimney may be distributed to

<]>\
<>

Fig. 89. Fig. 40. Fig. 41.
every room in the house, and maintain a comfortable tem-
perature at the expense of only one fire. The hollow brick
shaft being warmed by contact, will retain its heat for a con-
siderable time, and warm the air in the air-flues.

Among the various contrivances for warming private
dwellings, the prejudices in favour of the open fire have been
respected. Pierce’s Pyro-pneumatic Stove-grates retain the
open fire: fresh air is introduced from the outside by means
of earthen pipes, and passing into caliducts, enters the room
at an elevated temperature. The distinguishing feature of
the invention is, that the heating surfaces are formed of fire-
loam, so that the air is not burnt by contact with iron. In
Jobson’s Stove-grate the open fire is surrounded by a circular
parabolic reflector, which reflects the rays of light and heat
into the room in parallel lines. The reflector turns upon a
hinge at the side, and can be brought out like a door for the
purpose of cleaning the grate or lighting the fire. There is
a concealed ash-pan, which requires to be emptied only once
aweek, As the parabolic casting surrounds the grate, there
is little or no passage for the air into the chimney, except
through or close over the fire ; but the reflector can be made
to act as a ventilator by drawing it out an inch or two, so as
to allow the air to flowin around it. Griffin’s Cottager’'s Stove
appears to be judiciously arranged for the purposes of warm-
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ing and ventilating. Fig. 42 is an external elevation, and
Fig. 43 a vertical section. It has an open fire-place in the
centre ; a draw-shelf at the bottom of the grate; a drop-
shelf at the top, which forms a blower when raised; a hot

Fig. 42, Cottager’s Stove. Fig. 43. Section,

plate for an ironing stove; an opening at the top for the
escape of warm air; two ovens, or one oven and one hot
closet ; also a damper, a sweep-door, and a boiler, In the
flange of the oven and closet are side doors for sweeping
when required. The oven is equally heated all round by
means of a flue, and when cooking is over, a fire of wet small
coal, cinders, and ashes will last for several hours. Airis
supplied from without by means of a pipe, which feeds the
hot-air chambers at the back and side of the fire-place, and it
escapes by an opening at the top. LEven in the application of
gas as a source of in-doer warmth, attempts have been made
to imitate the open fire. In DMr. Goddard’s Gas-stove, the
sides fold down so as to form a box of moderate dimensiong,
capable of being carried from room to room. When required
for use, the sides are opened, and a flattened coil burner is
supplied with gas by means of a flexible tube. 'When not
intended to shut up, the fire-chamber is coated internally with
porcelain, within which a tubular burner is set at an angle of
45°. A quantity of asbestos shavings being spread over the
burner, the effect is something like that of a common fire,
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In Ward’s gas-stove the jets burn within a frame of thin sheet
iron, which is fitted into an ordinary fire-place, after the
manner of a fire-board.

In concluding this long chapter, we may remark that the
open fire-place is so intimately connected with an English-
man's ideas of domestic comfort, that it can never be ex-
pected, while coals are plentiful, that a more economical
method of warming our rooms will become very common ;
it is, therefore, the duty of scientific men, to make the open
fire-place as comfortable as it certainly is wholesome ; and
if a better method of supplying air to the fire than the
present chance arrangement were adopted; if caliduets were
led round the fire, so as to discharge warm air into distant
parts of the room, and even over the house ; if the various
parts of the fire-place were of the proper shape and dimen-
sions—there seems to be no good reason against retaining
our cherished open fire, and converting it from a troublesome,
uncertain, smoky, and expensive companion, into a source of
health, pleasure, and econcmy.

CHAPTER II.

ON THE METHODS OF WARMING BUILDINGS BY MEANS OF CLOSE
STOVES AXD HOT-AIR APPARATUS.

OxE of the most intelligent advocates* in the cause of the
CLOSE-STOVE versus the oPEN FIRE-PLACE, has preferred a very
serious bill of indictment against the defendant. It consists
of no less than eleven counts, of which the following is a sum-
mary. L. Waste of fuel. Of the whole heat produced from
the fuel used, about seven-eighths ascend the chimney, and
are wasted. The loss of heat is first, more than half, which
is in the smoke as it issues from the burning mass. Secondly,
that carried off by the current of the warmed air of the room,
which is constantly entering the chimney between the fire
and the mantelpiece, and mixing with the smoke. This is
estimated at nearly two-eighths. Thirdly, the soot, or visible

¥ Dr. Arnott. “ Warming and Ventilation, with Directions for making
the Thermometer Stove, &e.” London, 1838,
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part of the smoke, is unburned fuel, and if more than half
the heat produced be in the smoke, and nearly a fourth of it
in the warm air from the room which escapes with the smolke,
and if about an eighth of the combustible pass away un-
burned, there is a loss of at least seven-eighths of the whole.
Count Rumford estimated the loss at fourteen-fifteenths.
These estimates must of course be supposed to refer to the
open fire-place with square jambs. IL. Unequal heating at
different distances from the fire. As the intensity of radiant
heat is only one-fourth as great at a double distance, and so on,
its effect being inversely as the square of the distance, the walls
of the room are scarcely heated, and therefore reflect no heat
to persons round the fire. There is usnally one circular line
around the fire in which persons must sit to be comfortable ;
and within this line they are too hot, and beyond it too cold.
[1I. Cold draughts from doors and windows. 1V. Cold foot-
bath. "The fresh entering air, being colder than the general
mass already in the room, occupies the bottom of the apart-
ment, and forms a dangerous cold-air bath for the feet of the
inmates, so that they must keep their feet raised out of it by
foot-stools, or wear warmer clothing. We see how anxious
cats are to get out of this cold air-bath by oceupying the seats
of chairs, &e., instead of the carpet. V. Bad wventilation.
The heated respired air ascends to the ceiling, and getting
cool, descends, and is breathed over again ; or, if the fire be
not sufficiently supplied with air from the door and windows,
it will come from other quarters, and bring in foul air from
drains, &e. VI. Smoke and dust. VII. Loss of time in
lighting the fires in the morning, and again during the day if
neglected and allowed to go out. VIII. Danger to property.
In Londcn alone there are, on an average, about 100 fires per
month. IX Danger to the person. Children get burnt, and the
dresses of ladies, especially in these days of erinoline, often take
fire by a sudden draught from the door, or coming too near
the fire. X. FEapense of attendance. It is contended that
servants have more work to do in houses with open fires,
than where stoves are kept. XI. Necessity of sweeping.
This is certainly a formidable indictment; but after the
details given in the last chapter, it is not necessary to enter
G 3
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upon any further defence. There is no doubt that, upon some
of the counts, the defendant must be found guilty ; but it will
be seen, in the present chapter, that the plaintiff does not come
into court with clean hands, for there are many objections to
the close stove, from which the open grate is entirely free.
These will be stated as we proceed.

The close stove is used chiefly in those countries where fuel
is scarce. One of the simplest forms is the Dutch stove, shown
in Fig. 44. The fuel rests on the bars
of a grate, near the bottom, and the air
enters below the grate. The fuel is
introduced by a door above the grate,
which door is closed while the stove is
in action, and as this is the only open-
ing in the stove above the fuel, no air
can reach the chimney, except that
which has passed through the fire, thus
saving the waste of warm air, which,
in open fires, passes between the fire
and the mantelpiece. The heating
effect of this stove is due to the whole surface of the stove and
its flue, which receive the direct heat of combustion, as well
as much of the heat of the products of combustion, as they
escape into the chimney ; and if the flue be made sufficiently
long, so as to expose a large surface in the room, nearly the
whole of the heat may be applied to use without draughts, or
smoke, or dust. These are the good qualities of the Dutch
stove; now for its bad ones. The heated iron surface acts
upon the air in contact with it, 50 as to impair its purity and
fitness for respiration.  The air,” says Dr. Arnott, *“ acquires
a burnt and often sulphurous smell, in part, no doubt, because
dust, which it often carries, is burned, and in part because
there is a peculiar action of the iron upon the air. It be-
comes very dry, too, like that of an African simoom, shrivel-
ling everything which it touches; and it acquires probably
some new electrical properties. These changes combined
make it so offensive, that Englishmen, unaccustomed to it,
cannot bear it. In this country, many forms have been pro-
posed, some of them gracefully designed, with transparent

Fig. 44. The Dutch Stove.
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tale doors, and other attractions ; and they have been tried in
rooms, public offices, passages, halls, &e., but have been after-
wards very generally abandoned. Persons breathing the air
heated by them are often affected by headaches, giddiness,
stupor, loss of appetite, ophthalmia, &e. A north-east wind,
which distresses many people, bringing asthmas, croups, &e.,
and which withers vegetation, is peculiar chiefly in being
dry.” This stove is much used by laundresses and others for
drying, and in this application of it, the Doctor admits, it is
good and economical. The ornamental varieties of it are also
furnished with vases and other receptacles for water, which,
by its evaporation, greatly mitigates the evils complained of ;
but it must be admitted that the list of objections brought
against the Dutch stove forms as formidable a bill of indict-
ment as that preferred against the open fire.  Another objee-
tion, not noticed in the above quotation, arises from the over-
heating of the flue. It has often been known to get red-hot,
and has thns led to serious conflagrations,

The American stove is a square close iron box, with a vessel
of water upon it, to give moisture to the air. It has a plate
projecting under the door, o (Iig.
45) ; the wood fuel is burned
within it at o, and the flame passes | -~ — i
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along by B, to the chimney, c, | B \_,
~ around an inner box, which is the o
cooking oven of the family, open- l
ing by a door in the side of the i
stove. The fuel 1s introduced by 5 |
a large door at b, in which there
is a smaller door, which, as well
as the larger, is usually kept shut, because a sufficient supply
of air enters by the joinings around; but in cold weather the
~small door is opened to increase the combustion. The stove
has iron legs, about a foot in length.

In Russia, Prussia, and the North of Europe generally,
‘the stove is a very important article of domestic furniture, in
which the largest possible amount of heating effect is obtained
from the smallest possible quantity of fuel. In the construe-
tion of these stoves the following points are kept in view :—

A flﬂn
L

e

Fig. 45, The American Stove.
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To maintain in the fire-place the high temperature necessary
for the perfect combustion of the fuel, by surrounding it with
such substances as are bad conductors of heat, such as fire-
stone or bricks ; to have the means of regulating the quantity
of air admitted to the fuel, by valves in the doors which en-
close the ash-pit and fire-chamber, and by accurate fitting of
the doors and valves themselves. Thirdly, to bring all the
gaseous products of combustion, as they escape from the fuel,
into contact with the largest possible area of slowly conduct-
ing surface, so as to maintain it at an equal temperature ; and,
lastly, to make the smoke enter the chimney with the smallest
velocity, or lowest temperature, that is practically consistent
with the first condition. In no case should this temperature
exceed 150°, nor should the metallic surface ever be raised
higher than 100° nor the stream of air issuing from it exceed
70°. In every case the combustion is regulated by limiting
the supply of air, and if the heating surface be small, the fire
is reduced so as to produce no more heat than can be carried
off by the radiation and conduction of such heating surface.
The method in which these conditions are complied with
will be understood by referring to I'ig. 46, which represents a
general form of stove. It may be modified according to
circumstances of utility or taste, but the principle is the same
in all. M1K®Lis a quadrangular box of any size, in the
directions M 1 . K ; but the inside width, from front to back,
s generally pretty constant; it is

I

i ZA ™™ pever less than 10 inches, and seldom

c: e extending to 20 inches. The whole

ol .__,c] included space is divided by a num-
Bl ||, ber of partitions. The lowest cham-
; E\\ﬂ,‘x.«\lr__ﬁi__"‘-x ber, B, serves for the fuel, which is

[r’"‘ﬂ)_lﬁl_gyuﬁ placed on the bottom of the stove
%m 4 without any grate. The fire-place

4B /%H has a door, 0, turning on hiulges, and
i =B S el in this door is a small wicket, p. The
| TR x roof of thefire-place extendstowithin

a very few inches of the further end,
Fig. 46. The German Stove. having a narrow passage, B, for the
flame. The next partition, d, is about 8 inches higher, and
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reaches almost to the other end, leaving a narrow passage for
the flame at n. The partitions, e f g ¢, are repeated above
at the distance of 8 inches, leaving passages, EF @ ¢, at the
ends alternately disposed, the last communicating with the
vent in the u flue. This communication is regulated by an
iron plate, or damper, ¥ L, which can be slid across it by
moving a rod, which passes out through the side. If the fucl
be wood, as is generally the case, and the vent opens into the
room, this passage 18 closed by a sort of pan, or bowl of
earthenware, which is inverted over it, with its brim buried
in sand, contained in a groove formed all round the hole,
The whole stove is set on low pillars, so that its bottom may
be a few inches from the floor of the room. It is usunally
placed in a corner of the apartment, which is so disposed
that the chimneys can be joined in stacks, as with us. In
lighting the stove, straw or wood shavings are first burnt on
the hearth at its farther end, in order to warm the air in
the stove and determine a current. The fuel is then laid on
the hearth close by the door, and piled up and kindled, and
the current, being already directed to the vent, there is
no danger of smoke getting out into the room. The door,
o, is then closed, and the wicket, p, opened, and the air
supplied by this means being directed to the middle or
bottom of the fuel, it is quickly kindled, and is soon burning
well.

Now it will be seen, by this construction, that the flame and
heated products of combustion are retained as long as possible
within the body of the stove, and their heat diffused over
a very extended surface, which is still further increased by
making the stove narrower from front to back in its upper
part. A certain breadth is necessary below, that there may be
room for the bulky wood fuel; but if this breadth were pre-
served all the way up, much heat would be lost, because the
heat, communicated to the partitions of the stove, acts with
little or no useful effect, so that, by diminishing their breadth,
the proportion of heating surface is increased. The whole
body of the stove may, as Professor Robison remarks, be con-
sidered as a long pipe folded up, and its effect would be the
greatest possible, if it really were so, that is, if each partition
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were split into two, and a free passage allowed between them
for the air of the room.

In order that the heated surface may be as extensive as
possible, the stove is not built into the wall, nor in contact
with it, or with the floor. By being thus detached, both the
back and bottom of the stove are sources of heat to the air of
the room, and the bottom, which is the hottest part, contri-
butes at least half the heating effect. Sometimes, however, the
stove forms a part of the wall between two rooms, and serves
to heat both. It is also common to have the door of the fire
in the passage on the outside of the room, so that an attendant
can manage it without incommoding the occupants.

The author of “ A Residence on the Shores of the Baltice,
1841,” refers to these stoves in the following terms:—
“ Within these great houses, not a breath of cold is expe-
rienced, The rooms are heated by stoves, frequently orna-
mental rather than otherwise; being built in tower-like
shapes, story over story, of pure white porcelain, in various
graceful architectural mouldings ; sometimes surmounted with
classic figures of great beauty, and opening with brass doors,
kept as bright as if they were of gold. In houses of less dis-
play, these stoves are merely a projection in the wall, coloured
and corniced in the same style as the apartment. In ad-
joining rooms they are generally placed back to back, so that
the same fire suffices for both. These arc heated but once
in the twenty-four hours by an old Caliban, whose business
during the winter it is to do little else. Each stove will hold
a heavy armful of billet, which blazes, snaps, and cracks most
merrily ; and when the ashes have been carefully turned and
raked with what is termed an ofen gabel, or stove fork, so
that no unburnt morsel remains, the chimney aperture is
closed over the glowing embers, the brass doors firmly shut,
and in about six hours after this, the stove is at the hottest—
indeed, it never cools.”

The useful effect of this stove depends very much on re-
taining in the room the air already heated by it. A small
open fire in the same room will actually diminish the heat-
ing effect of the stove, and even draw the warm air from
adjoining apartments. In the houses of English merchants at

=il iy
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St. Petersburg, open fires are sometimes introduced into rooms
with stoves; and the consequence is, that it is found necessary
to light the stoves twice a day, and yet the houses are cooler
than those of the Russians, who light them only once. To
our notions, however, a cool in-door atmosphere is preferable
to a nauseous stagnant one, such as the Russians and Germans
are accustomed to breathe throughout the winter; and even
in summer theyv are very averse to an open window. The
temperature of the winter apartments is kept nearly always
at 65°, and as every part of the room is equally warm, the
inmates have no occasion to crowd round the stove as we
do round the fire. “ But I can testifv,” says Dr. Buxton, “ that
in Gierman rooms there is a closeness of feeling to a person
accustomed to free air, which is unpleasant, if not unwhole-
some—no change of air, the windows closed as tight as.can
be, and the door fits as exactly as the carpenter can make it.
The stove is air-tight with regard to the room, and there is
nothing to occasion a current like an English open fire. The
apartments of the sick almost invariably smell disagreeably.
I do not, however, recollect seeing a single ventilator in
Germany; but I have repeatedly seen double windows.” As
ventilation can only be procured at the expense of heat, the
people prefer retaining the foul air to expending an extra por-
tion of fuel. In the houses of the poorer classes in Russia,
where the windows are single, and a number of persons occupy
a small stove-heated room, a thick icy erust forms on the
inside of the windows during frosty weather, arising from the
condensation of the breath, perspiration, and the aqueous fumes
of candles, and of the stove, &e. When a thaw comes on,
this icy crust is converted into water, and a deleterions prin-
ciple is disengaged, which produces effects similar to those
arising from the fumes of charcoal. Persons so affected are
immediately carried into the open air, and placed on the snow
with very little clothing ; the temples and the region of the
stomach are well rubbed with snow, and cold water is poured
down their throats, and the friction is continued until the
livid hue of the skin disappears, and the natural colour is
restored. The Chinese are wiser in this respect than the
Russians, for, although their rooms may in winter be as hot
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and as crowded, they have two openings at the top of each
window, which are never allowed to be closed, and through
these ventilation is carried on.

The stove last described belongs rather to that variety
called the Swedish stove, than to the Russian or German. In
the Russian or German stove, the smoke, after rising from the
fuel, recedes into the flue, and becomes cooled by contact with
the walls of the cireulating chambers, and the heat is by this
means retained in the apartment, which would otherwise have
escaped combined with the vapour., In the Swedish stove,
the circumvolutions of the smoke are exposed to a vivid heat,
go that every particle of soot undergoes a second combustion
in the circulating channels. Some of the Swedish stoves have
from four to nine channels for the circulation of the smoke ;
some are contrived to receive one or more boilers, and others
to act as ovens; and they all greatly economise the fuel, for,
according to Morveau, the quantity of wood which is con-
sumed in twenty-three days in an open fire, with less effect,
will last sixty-three days in a stove.

In erecting the ponderous German stoves it is necessary to
arrange the various pieces of clay, or porcelain, so that no
part should erack or give way, and thus admit the smoke or
carbonic acid vapour into the room. When the parts are put
together with cement, or held by iron cramps, a leakage
commonly occurs at the joinings, where the different pieces of
clay are differently heated, and, perhaps, were of a different
baking when made; hence, bv expanding unequally, and
working on each other, one of them must give way. DBaut,
instead of making the joints close and using any cement, the
best method is to make each upper piece stand in a groove
formed in the piece below it, and then to sprinkle a little
powdered chalk or clay over it, which will effectually prevent
the passage of any air, and, at the same time, allow space for
any expansion or contraction at the joint.

Some valuable experiments by Mr. Bull are quoted by Mr.
Bernan, to show the effect of ascending and descending flues
in the Russian and Swedish stoves, and of elbows or bends in
the flue of the common Dutch stove, From these experi-
ments, it appears that the same length of pipe is much more
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efficacious in imparting heat to a room when it has clbows
than when it is straight ; that a descending current may be
somewhat more efficacious than an ascending one, but is about
equal with a horizontal one ; a horizontal pipe, with the same
number of elbows, is more efficacions in imparting heat, than
when placed vertically for an ascending and descending cur-
rent. The cause of the increased effect is supposed to arise
from the shape of the pipe forcing the heated air to make
abrupt turng, in doing which it impinges against the elbows
with sufhumlt force to invert its lIltEI‘ll*l] arrangement, by
which a new stratum of hot air from the interior of the current
is brought more frequently in contact with the sides of the
pipe and particularly with the lower half of the horizontal
pipe, which, from various causes, gives out very little heat to
the room without the aid of elbow joints. But the advantace
cained by increasing the length of pipe and number of joints
has a limit very far short of that which is found to be necessary
to impart all, or the greatest part, of the heat generated to the
air of the room. Ouly five parts of heat in 100 were lost by
using 13} feet of pipe, consisting of nine elbow joints ; whereas,
cight additional elbow joints, and 161 feet additional of straight
pipe, in all 28% feet of pipe, were required to save these five
parts, and prevent their flowing into the chimney. By dimi-
nishing the diameter of the pipe, the heat-
ing effect is increased, partly from the
retardation of the current, and partly
from the small pipe exposing a greater
surface to the air with the same quantity
of smoke than a pipe of larger diameter.

An excellent stove with a descend-
ing current was constructed by Dr.
Franklin for his own use. Fig. 47 —JL__
represents a vertical section, iIn which _!?lkg_ﬁl Jjj
@ 1s an opening in the cover, furnished
with a hinge; @ is a fire-chamber, in
which the grating is fixed; b a space
containing a second grating « ¢ the ash-pit, with a drawer to
receive the ashes; d e horizontal flues at each side of the ash-
box, communicating with vertical flues which lead into the

Fig. 47. Stove with De-
scending Flue.
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chimney. The vase and flues are contained in a niche formed
by closing up the fire-place, and there is no communication
between the room and the flue, except through the opening,
a, in the lid. The fire should be first lighted at a time
when there is usually a draught up the chimney, as already
explained (page 108) ; but the direction of the draunght had
better be ascertained by holding a flame over the air-hole
at the top of the wvase. If the flame be ‘drawn strongly
down, the fire may be lighted by first putting in a little char-
coal on the grate at @ ; then lay some small sticks on the char-
coal and some paper on the sticks ; set light to the paper, and
shut down the lid ; the air will pass down through the air-hole,
and blowing the flame of the paper through the sticks, kindle
them, and they, in their turn, will kindle the charcoal. The
flame and hot vapour descending through the grating at a,
passes into the chamber, b, and through the second grating in
its bottom into the ash-pit, ¢, The hot current will then be
divided—one portion turning to the left, and passing into the
horizontal channels, d e, and entering the vertical flue, will
be conducted into the chimney ; the other portion will make
a similar cirenit on the left in the channels, d ¢, and entering
another flue, will in like manner pass into the chimney. The
surfaces of the vase and air-box, and the part of the horizontal
channels exposed to the room, are heated by these circumvo-
lutions of the vapour, and the air warmed by contact with
them, spreads into the room. The larger pieces of coal that
fall through the grating on the vase, are caught by the second
grating, b, and the ashes fall through it into the ash-pit box, ¢
The success of this contrivance depends of course npon
maintaining an upward steady draught in the chimney flue,
g0 that the ash-pit drawer and a door in the chamber, b, to
withdraw the cinders, must be made air-tight, In order
to determine an upward current on lighting the fire, a small
door may be made in the side of the flue, and a piece of
lighted paper inserted.

Mr. Beaumont's stove also acts by a downward current.
It is represented in section, in Fig. 48. The foundation, a, is
of bricks, two courses high, and 25 inches square, with a
vacant space 6% inches wide, for the ash-hole, 5. Upon this
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foundation are laid two plates of cast-iron, e, each 9 inches
wide, 25 inches long, and an inch thick. The plate which
covers the ash-pit draws out, and in doing so turns the ashes
into the ash-pit. On these iron plates is erected a drum, with
an aperture, z, for the smoke flue. This aperture, when lined
with fire-bricks, is 6 inches wide, and 4% inches high. The
drum is also lined with fire-bricks, set on edge, and is covered
with a circular plate of cast-iron,

sn, with a downward lip round

the edge, to receive the upper [=
edge of the drum. In the middle
of the cover, u, is a hole, 7 inches |||
in diameter, for the admission of
fuel, and this is covered with a |
lid, moving on a pivot to regulate /
the admission of the air. An _J'_
opening of an inch is usually
sufficient for that purpose. A
short rim projects from the lid,
whereby it is converted into a shallow vessel for holding
water, the evaporation of which keeps the air sufficiently
moist. The fire is lighted by first throwing in a few coals,
then some sticks and paper, and, lastly, some cinders or coke,
with a little coal immediately over the wood, taking care to
make the fuel slope away from the smoke flue. The aper-
ture at the top is then nearly closed, and the fire is lighted.
The smoke first tends to rise towards the aperture, but the
heat soon determines a downward current, which sets into the
soke aperture, and carrying with it the gaseous produects
of combustion into the flue, £, the fire soon begins to burn
brightly. At night the aperture is closed, and the fire goes
out. All the fuel is consumed, the downward dranght pro-
dueing complete combustion; there is no soot, and nothing
of the fuel remains but a red ash. The management of this
stove is quite easy ; all that is required being to push in the
glide over the ash-pit before the fire is lighted, to let the fire
burn brightly before much fuel is pnt on, and fo keep the
smoke vent, z, from being choked up, by overloading it with
fuel.

Fig. 48. Beaumont's Stove.
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Mr, Beaumont says, that although this stove thoroughly
warmed the air of the office, yet the clerks constantly com-
plained of cold feet. To remedy this, a flue was formed under
the paved floor, the paving-stones forming the roof of it.
The flue, which was a foot square, entered one side of the
office, continued along that side, across the top, and down the
other side, where it entered an upright flue in the party wall.
The pavement thus heated after the Chinese fashion (page 71)
made the office very comfortable. With a mere handful of
fire, the warmth was so considerable, that the difficulty was
to keep it low enough, without putting out the fire. An office
and principal staircase were thus kept warm at an annual
expense of 30s. or about 3d. a day for the cold season ; whereas
a similar degree of heat from another apparatus cost £18 a
year. ‘Persons coming in from the open air have com-
plained of our keeping large fires, and when they have been
shown that the fire was a small one, burning without fierce-
ness, and which might be contained in the crown of a hat,
they have denied their belief to the fact ; and insisted that
the warmth which they felt must have been procured from
some other source. Itreally does appear like magic, but the
case proves the fact of one part only of the heat from the
previous apparatus going to the place to be heated, and that
eleven parts went up the chimney, and were wasted at the
house top.”

The stove shown in section, in Fig. 49, is an improvement
on the Dutch stove, already noticed (page 130). The fire-
chamber, a, 8 inches on each side, is enclosed by four fire-
tiles, ¢ ¢, 1 inch thick, placed in a cast-iron case, 2ths of an inch
thick, with a ledge to support the grate. This ledge projects
o% inches downwards into the ash-pit, and terminates in four
short standards, or feet, placed on the sole of the stove. A
space, &, of 4% inches, is left between this iron casing and
the inner casing of the stove. Five inches above the upper
edge of the tiles of the fire-box, a fire-tile, e, 11 inch thick,
and 15} inches square, is fixed on brackets, so as to leave a
space, 7, about 11 inch all round, between it and the inner
surface of the casing, for the hot vapour from the fuel to rise
upwards. A plate of iron, or a tile, n, is fixed about 8 inches
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above the tile, ¢, leaving also a space, #, about 1} inch, between
its edge and the casing. The roof of the stove, about 8
inches above the plate, terminates in the smoke-pipe, d ; the
fire-door and its valve are shown at b, and the ash-pit door
and air-valve at s, the upper edge
of this valve being 3 an inch
above the under edge of the iron |
casing of the smoke-chamber. |
The stove is enclosed in a plate-
iron casing, so as to leave aspace,

o, of 1} inch round it.
casing is open at the bottom, m m,
and at the top, p p, and has two
fillets projecting about 4 an inch

S—

This [P |1 3 bafiis

T [ C bl
from its surface ; no valve of any 7 _\| y
kind 1s attached to this outward ®

casing, and the air -ecirculates i t
freely through the space, o, that x llel & leff =

it encloses. All the parts are

accurately fitted, and no air enters L ARTTTR

the stove, except through the [l [} & 5
valves at ¢ and b. In the speeci- L]

men deseribed by Mr. Bernan,
“ the heating surface was 20}
equare feet, and the depth of coke in the fire-chamber was
generally about 5 inches; and this was found sufficient for a
room containing nearly 5,600 cubic feet of space. When
there is fire, the hot vapour from the fuel being prevented
from rising in a stream upwards by the tile, e, spreads along
its under surface and ascends all round the edge of the tile,
through the narrow space, », which brings the smoke into
contact with a large surface of the iron casing, and this con-
tact 1s prolonged until it reaches the roof, by flowing through
the narrow space between the upper tile and the casing ; the
whole surface of the stove thus kept in contact with the smoke,
is equally heated, and the air which rises freely in the space,
0, being brought rapidly in contact with this hot surface, is
genially warmed and emitted at p into the room.”

A combination of the stove and the grate, combining the

Fig. 49. Improved Dutch Stove.
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heating effect of the stove with the cheerful appearance and
ventilating properties of the open fire, is known under the
name of the stove-grate, or Chapelle ; the latter name being
derived from its resemblance to the chapels or oratories of the
great churches. Professor Robison deseribes it as the most
perfect method of warming an apartment. Its construction
is as follows :—1In the great chimney-piece is set a smaller one,
of a size no larger than is sufficient for holding the fuel. The
gides and back are of cast-iron, and are kept at a small distance
from the sides and back of the main chimney-piece, and con-
tinued down to the hearth, so that the ash-pit is also separate.
The pipe or chimney of the stove-grate is carried up behind
the ornaments of the mantel-piece, until it rises above the
mantel-piece of the main chimney-piece, and is fitted with a
register, or damper plate, turning round a transverse axis.
The best form of this register is that of an ordinary fire-place,
with its axis or joint close at the front, so that when open or
turned up, the burnt air and smoke, striking it obliquely, are
directed with certainty into the vent without any risk of
reverberating and coming out into the room. All the rest of
the vent is shut up by iron plates or brickwork out of sight.
The fuel being in immediate contact with the back and
sides of the grate, raises them to a great heat, and they heat
the air contiguous to them. This heated air cannot get up the
vent, because the passages above these spaces are shut up., It
therefore comes out into the room ; some of it goes into the
real fire-place, and is carried up the vent, and the rest rises
to the ceiling, and is diffused over the room. The heating
effect of this stove-grate is remarkable. Less than a quarter
of the fuel consumed in an ordinary fire-place is sufficient, and
this, with the same cheerful blazing hearth, and the salutary
renewal of the air. Indeed, it often requires attention to keep
the room cool. The heat communicated to those parts of
the apparatus which are in contact with the fuel is need-
lessly great, so that it has been found an improvement to line
this part with thick plates of cast-iron, or with tiles of fire-
clay. These, being bad conductors, moderate the heat com-
municated to the air. If the heat be still found too great,
it may be brought under perfect management by opening
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passages in the vent for the spaces on each side, so that the
air heated by the sides of the stove-grate may ascend directly
into the flue, instead of escaping into the room., These
passages may be closed by valves, or trap-doors, moved by
rods concealed behind the ornaments of the fire-place.

The stove-grate is under complete control as to tempera-
ture. A cheerful fire may be ensured within five minutes,
simply by hanging a plate of iron in front so as to reach
down as low as the grate ; and when the fire is, by its means,
blown up, the plate may be taken down and sent out of the
room, or set up behind the grate out of sight. If, on the
other hand, the room be found inconveniently warm, the
temperature may be cooled down within a quarter of an hour,
_ by opening the side passages to any extent for the escape of
the hot air. In this arrangement the ash-pit is enclosed,
because the light ashes, not finding a ready passage up the
chimney, are apt to escape into the room with the heated air.

Few contrivances for warming apartments have excited
more attention and discussion of late years than Dr. Arnott’s
stove. The principle of this invention consists in allowing
the fuel to burn very slowly, the admission of air for com-
bustion being regulated by a peculiar contrivance. There are
various forms and modifications of this stove, but the principle
is the same in all. The stove consists of a square or eylin-
drical box of iron, lined with fire-clay, with a grating near
the bottom for the fuel, or the fuel may be contained in a
small fire-box within the stove. Sometimes the fuel is burned
within a hollow eylinder of fire-clay, and then the stove is not
lined with that material. There is an ash-pit below for the
ashes, and the products of combustion are carried off by a
vent. The chief feature of this stove is, the contrivance by
which the air is admitted to the fuel. When the stove door
or ash-pit door is open, the combustion is vivid; but when
these are perfectly tight, as they ought to be, then the air is
admitted by a regulator.

The form first tried is shown in Fig. 50, in which a b ¢ d
represent a box of sheet iron divided by the partition, g &,
into two chambers communicating freely at the top and
bottom ; e is the fire-box formed of iron, lined with fire-brick,
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and resting on a close ash-pit with a door at b, near which is
a valved opening, by which air enters to feed the fire when
the door is shut; 7 is the door

;i = ’ of the stove by which fuel is in-
" e ol o troduced ; ¢ is the chimney flue.

e \ When the ash-pit door and the
Jie \ stove-door are shut, the quantity
4=l 1 of air admitted by the valved

0 H_ﬂ;}?ﬁ:}ﬁ opening in the ash-pit is only
: ,__g N just sufficient to support com-
J H%: J’ bustion, and only a small corre-
€ . sponding quantity of air can

‘ qd 1 pass away by the chimney. The

b; % a whole box then soon becomes

1C T filled with hot air, or smoke from
Fig. 50. The Arnott Stove. the fire circulating in it, and
rendering it everywhere of as
uniform temperature as if it were full of hot water. This
circulation takes place, because the air in the front chamber
around the fire-box, and which receives as a mixture the
red-hot air issuing from the fire, is hotter, and, therefore,
specifically lighter, than the air in the posterior chamber, which
receives no direct heat, but is always losing heat from its sides
and back ; and thus, as long as the fire is burning, there must
be circulation. The whole mass of air is, in fact, seen to
revolve, as marked by the arrows, with great rapidity. The
quantity of new air rising from within the fuel, and the like
quantity escaping by the flue, ¢, are very small, compared with
the revolving mass. The methods of regulating the supply
of air will be noticed presently.

With this stove, Dr. Arnott, during the severe winter of
1836-T7, was able to maintain in his library a uniform tem-
perature of from 60° to 63°. The quantity of coal used
(Welsh stone coal) was, for several of the colder months,
6 1bs. a day—Iless than a pennyworth—a smaller expense than
that of the wood used in lighting an ordinary fire. The grate
or fire-box, fully charged, held a supply for twenty-six hours.

Another common form of this stove is shown in Fig. 51 ;

A B ¢ D is the outer casing; E the fire-box over which is a
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dome, %, with a funnel, p, to carry off the products of combus-

~tion ; his the stove door; and

A B : gHE

i T J g the regulator by which air is
l ) S EnERY admitted. Various forms of re-
I ,-“’FE gulators are described, a speci-
I

e
Ny

Fig. 51. The Arnott Stove.

men of which is shown in IMig.
52. A B C is a glass tube shut at
A, containing air from A to B, and
mercury in the bend below b ¢ ;
on the mercury at ¢ is a float,
from which proceeds an upright
rod, o, kept steady by passing
through a support at . From
this upright wire descends ano-
ther, ¥ ¢ u, terminated by the
plate valve, F; E is the air-tube

of the stove. When the heat within is
great, the air in the shut limb of the regu-
lator at A is expanded, and forces up the
merecury at ¢, raising the rods and plate
valve, F, and thus bringing it near to or
in contact with the mouth of the tube, by

IO p— f
o M e U

which means more or less air is admitted to
the stove, according to the temperature
within. If the combustion is proceeding
too slowly, then the air in the tube, 4, is not
much expanded, consequently airisallowed
to enter the stove more freely ; but when,
owing to this, the combustion becomes
lively, and the temperatnre too high, then
by the elevation of the plate valve, less air
enters, and the temperature is moderated.

A more simple form of regulator is
shown in Fig. 53; a b ¢ is a bent tube
shut at a, where it contains air, and open

H

I
F,.L "-'-:-;
I
—
= V|
ﬁ?: Bl (lc
|

Fig. 52. Regulator,
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at ¢, where it is cup-shaped. The bent part at b is occupied
by mercury ; from ¢ proceeds a bent tube for supplying air
to the stove. When the internal heat is great, the air in

a is expanded and forces

the mercury up in ¢, and
= 'I_J J thus bringing it in contact
@ with the mouth, prevents
l_/ the entrance of air to the

stove.

This stove is liable to the
objectionalready stated, viz.,
that the air of the room,
though sufficiently heated,
is nevertheless stagnant. A
pound of coal requires about
150 cubic feet of air for

Fig. 53, Arnott’s Stove, combustion ; but as a por-
tion of the air escapes with-
out being chemically acted on, 200 cubic feet may be allowed.
Now, if a room warmed by Arnott's stove be 15 feet long,
12 feet wide, and 11 feet high, its cubic contents are
1,980 feet; and if 6 Ibs. of coal per day be burnt, each
pound requiring about 200 cubic feet, only 1,200 cubic feet
will be used for the combustion. This quantity must pase
through the stove, and be carried off by the vent, so that in
the course of twenty-four hours, the atmosphere of the apart-
ment is not once completely changed or renewed by the
action of the fire. Hence it is that the apartment is so easily
warmed, and hence, also, its unpleasant effect.

Another serious objection to this stove arises from that
which is generally considered as its chief merit ; namely, the
slow combustion of the fuel, whereby carbonie oxide is gene-
rated, and, from the small draught of the chimney, is liable to
escape into the room, This gas is poisonous, and its escape
has been ascertained by Dr. Ure, by attaching to the ash-pit
of one of these stoves a glass vessel containing a solution of
subacetate of lead, which being speedily acted on by the car-
bonic oxide, was formed into the insoluble carbonate of lead.
It is also stated that carburetted hydrogen is sometimes

[TTTITTIILT]
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formed in these stoves, which, by mingling with the "air, has
formed an explosive mixture, and thus led to accidents.

A good application of Dr. Arnott’s close siove, for the
purpose of warming and ventilating, has been made by Mr,
Charles Cowper. In the back kitchen of his house, which
is but little used, he placed an Arnott’s stove, and partially
enclosed it in a case of sheet-iren, so as to form a kind of
air-jacket, opening into which was a zine pipe 5 inches in
diameter, the other end passing through the wall into the open
air. By this contrivance all the air entering at the pipe was
made to spread itself over the exterior of the stove, and thus
become gently warmed. The effect of this arrangement has
been to make the house much more comfortable as regards
temperature, and to cure the chimneys of their tendency to
smoke.

Joyce's stove for burning chareoal is liable to all the objec-
tions arising from the use of this fuel in an apartment. The
charcoal is prepared for this stove by reburning common
charcoal in a close oven, and quenching it while hot in an
alkaline solution. This is said to deprive it of its usual pungent
smell in burning, but, if o, i¢ renders it all the more dangerous,
since the carbonic acid may slowly accumulate in an apartment
—a bed-chamber, for example—and produce fatal conse-
quences. The stove consists of a thin metal case, in the form
of a small urn or vase. A small pipe, 2 or 3 inches long, rises
through the bottom into the body of the stove, and terminates
about the centre in a conical funnel closed at the top, and
pierced full of holes. At the top of the stove is a valve, for the
purpose of regulating the supply of air through the lower pipe,
to maintain the combustion. A small portion of ignited char-
coal is placed in the stove, and the remaining space filled up
with charcoal not ignited; and as the supply of air is very
limited, it will continue to give out heat for many hours.
The whole of the charcoal is converted into carbonic acid,
which escapes from the valve at the top in proportion to the
quantity of air which enters at the bettom. This stove has
nothing to recommend it ; for the charcoal fuel is not only
dangerous, but expensive. From its small size, and great

H 2
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calorific power, this stove excited considerable attention at
the time of its introduction ; and from the statements made
respecting it, the public was led to expect that some new law
of combustion had been discovered, or that the old law had
been suspended in its favour ; for it was gravely afirmed that
the whole of the products of combustion were absorbed, or
otherwise prevented from escaping from the stove, in conse-
quence of the peculiar mode of preparing the fuel.

We come now to notice that variety of stove in which the
cockle is introduced. This contrivance is an invention of
Mr. Strutt, of Derby, and consists in making the fire-chamber
of a eylindrical form, with a flat or dome-shaped head, and a
pipe leading from the upper part, to carry off the smoke into the
chimney., Thisiron fire-room, called the cockle from its shape,
was then placed on a bed of masonry or brickwork, with a
grating and ash-pit beneath,
as shown in Fig. 54. At a
certain distance from the
cockle, a, i1s a mass of brick-
work, b5, concentric with the
cockle and its dome top, in
order to allow a current of
air from the passages below,
or from the external atmos-
phere, to come in immediate
" contact with the whole sur-
B £ % 1 face of the iron chamber and

I L_.;‘-I{:‘.hfff_l'_]‘i;.:_{;ff/:f /| pipe. This air, being thus

"ﬁl—“_‘r“_"‘ —— 222 Yeated and rarefied, ascends

=50, Ths Cockle diove: towards the head of the stove,

and passes through one or more apertures, e, into the room

required to be warmed. The fuel is supplied at the door, ¢,

and passes down a sloping dead plate to the fire-bars at g.
The ash-pit and dranght-hole for the fire are shown at d.

In order to bring the air in contact with a greater extent of
heated surface, another form is sometimes given to the cockle,
by contracting its diameter, and bending the iron pipe into a
serpentine form, as shown in Fig, 55. The fire-chamber is
formed by placing the grating near the lower part of the
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conical pipe, a, the opening to which, for the admission of the
fuel, is at . Another narrow opening is made immediately
in front of the fire-bars, to allow the -
ashes to be cleared from the bottom {
of the fire. The brickwork, &, en-
closing the cockle, is in the form of
a parallelogram, and the heated air
escapes through e, and 1s conducted
by pipes to the rooms required to be
heated. The following is the working = | | Wl .,
effect of a cockle of this kind, but |cfFuy Wi E
with only one bend in the pipe, ] IR
which entered the chimney lower |<=ssf!
down instead of proceeding upwards '
to d. The cockle itself was 21 feet : 7
wide, 6 feet high, and the sides 2 inch 7777777 777
thick. The brick casing was at the Fig. 85. Cockle Stove.
distance of 6 inches from the metal, and the descending vent
within was 6 inches in diameter, The stove here described
was used for warming a lecture-room 35 feet long, 27 broad,
and 20 high; also a large apartment 30 feet long, 27 broad,
and 18 high; Dbesides two smaller rooms and a staircase.
The fire was kindled during winter at 7 a.or., and kept
burning till 4 p.ar., when it was allowed to go out. The
average quantity of coals consumed was rather less than half
a hundredweight. The temperature of the air from the
tubes varied from 120° to 180° according to the state of the
fire. The temperature of the different apartments was kept
at about 60°,  When first erected, the supply of air for the
hot chamber was brought from without; but afterwards the
air for the fuel and for the hot chamber were both taken
from the apartment containing the stove, which was generally
at 70°,

Mr. Strutt's residence was at Belper, and hence the coclle-
stoves are often named, in honour of him, Belper stoves. In
1792, he warmed his large cotton factories by their meauns;
but the cockle-stove erected by Mr. Charles Sylvester, for
warming the Derby Infirmary, was long regarded as a model
of its kind for a large building. In such a stove it is necessary

i e
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that the area be sufficient to allow of the subterranean
passage being carried out, so as to communicate with the
external atmosphere at some convenient distance from the
building, in order to admit a current of cool air for ventilation
during summer, as well as for the supply of the stove for
warming the apartments in winter. The stove should
also be erected as near the area of the building as con-
venient, and be placed from 6 to 12 feet helow the floor,
in order to preserve uniformity as much as possible in the
distribution of the warm air. The cockle, a (Fig. 56), 1s
-cubical in form, with a dome or groined arch top; it is about

H ]JJ it
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Fig. 56. The Belper Stove.

3 feet in diameter, and 4 feet high, and is made of iron plates
riveted together. The smoke passes off by a narrow passage
at the base of the cockle through the flue, /. The brme?ﬁrIc
surrounding the cockle is built with alternate openings
between the bricks, as in Fig. 56, at about 8 inches distant
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from the sides of the cockle. Through these apertures are
inserted pipes of sheet iron, or common porcelain-ware, go as
to extend within an inch of the cockle, by which means the
air to be heated may be thrown near, or in immediate con-
tact, with the surface of the cockle, if desirable. The hori-
zontal partition, d d, cuts off the communication between the
lower and the upper portion of the air-chamber, the arched
openings in the lower half, ¢ ¢, being the openings of the main
air-flue leading from the exterior atmosphere. The fire-room
and ash-pit are shown at b b, and the fuel is introduced by
the opening at <.

It will be seen, from this arrangement, that the air passing
from the lower flues, ¢ ¢, throngh the apertures beneath the
horizontal partition, and coming in immediate contact with
the surface of the cockle, must find its way into the upper air-
chamber, e e, through the numerouns pipes or openings of the
upper division, by which cireuit its velocity will be sufficiently
retarded to obtain the necessary elevation of temperature from
the heated cockle. But that the air may not be burnt, it is
necessary to regulate the size of the fire-chamber, so as not to
heat the cockle, on an average, more than 300°. The Derby
stove allows the passage of nearly & cubic feet of air per
gecond, which is heated to about 130° at the instant it escapes
from the upper air-chamber into the pipes leading to different
parts of the building, These pipes are furnished with dampers
to regulate the admission of warm air at pleasure.

If care be taken to prevent the burning of the air, this
method of heating a large building appears to be wholesome
and economical. It wounld searcely answer on a small scale,
on account of the expense of erection; mnor could it be easily
applied to a large building, unless constructed in the first
instance, or during the erection of the edifice. The air-
passages, being placed several feet below the surface of the
ground, afford a convenient mode of admitting a portion of
cold air to the interior of the building during summer, by
means of a revolving mouth-piece, or turn-cap, placed at the
opening of the air-passage, so as to receive the current of wind
at the outer extremity of the passage, and thus convey it to
the interior of the building.
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The various objections which have been urged from time
to time against this method of warming buildings, by bringing
the air into contact with a surface of iron heated by fire, have
led to other methods of heating the metallic surface. Thus
Mr. John Sylvester, in his evidence before the House of
Commons' Committee, in 1835, proposed this method of
warming the New Houses of Parliament. An apparatus was
to be erected beneath the house, or on the basement, con-
structed of cast-iron, and exposing a very large surface for the
contact of the fresh air; the arrangement of the surface being
such as to divide the supply of fresh air into a large number
of very small streams. The under part of the metal surfaces
being heated by enclosing water, or steam, the air so divided
would flow in contact with such warming surfaces, and thus
become heated to the temperature required. When thus
heated, it would be allowed to flow under the whole area of
the house, the floor of which, being perforated with a multitude
of holes, would thus admit it into the body of the house. (See
Part I1., chap. ii1.)

This brings us to the next step in the art of warming
buildings ; namely, by steam, for the details of which we refer
to the next chapter.

CHAPTER III.

ON THE WARMING OF BUILDINGS BY MEANS OF STEAM AND
HOT WATER.

Tue method of warming buildings by steam depends on the
rapid condensation of steam into water when admitted into
any vessel which is not so hot as itself. At the moment of
condensation, the latent heat of the steam is given out to the
vessel containing it, and this diffuses the heat into the sur-
rounding space.

The first practical application of this principle was made
by James Watt, in the winter of 1784-5, who fitted up an




—_—

EARLY FORMS OF STEAM APPARATUS. 153

apparatus for warming his study. The room was 18 feet long,
14 feet wide, and 8% feet high. The apparatus consisted of a
box, or heater, made of two side plates of tinned iron, about
3% feetlong by 24 feet wide, separated about an inch by stays,
and jointed round the edges by tin plate. This heater was
placed on its edge, near the floor of the room. It was fur-
nished with a cock to let out the air, and was supplied with
steam by a pipe from a boiler, entering at its lower edge, and
by this pipe the condensed water also returned to the boiler.
The heating effect of this apparatus was not so great as was
expected, in consequence, perhaps, of the bright metallic sur-
faces of the box not being favourable to radiation.

In 1791, Mr. Hoyle, of Halifax, took out a patent for heat-
ing by steam pipes, and his method seems to have been the
foundation for subsequent attempts. The steam was at once
conveyed from the boiler, by a pipe, to the highest elevation
of the building required to be heated, and, from that point, by
a gentle declivity, the condensed water flowed into the supply
cistern of the boiler. The effect of the pipes (which were of
copper) was too small, and as the apparatus was constantly
getting out of order, it was pronounced a failure.

In 1793, Mr. Green tookout a patent for a different method,
which consisted in enclosing a hollow vessel, or worm pipe,
in a boiler containing hot water or steam. The air, on its
way to the room to be warmed, was made to pass through
this worm, and was thus heated to an agreeable temperature.
By another method, pipes from a steam boiler were enclosed
in other pipes, and, in the interval between them,the air was
heated on its passage to the room. This apparatus was
erected in a mansion on Wimbledon Common. The encased
pipe was fixed along the ceiling of the basement floor, with
an inclination of 2 inches in 68 feet. The inner steam pipe
was 3 inches in diameter, the outer pipe 9 inches, and both
of copper. The lower end of the casing pipe was left open
for the cold air to enter ; the other end was joined to a pipe
4 inches in diameter, with three horizontal elbows, that rose
about 12 inches, where it opened into the first suite of rooms
that were to be heated. It was supposed that the air would
enter at one end in great quantity, and flow out through the

H 3
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small pipe at the other end into the rooms; the effect, how-
ever, was so feeble that no useful heating was produced.

About this time steam was introduced into hot-houses, not
by circulating in pipes, but by being discharged into the
body of the hot-house, the effect of which was to raise its
temperature and moisten the air to such a degree that the
plants grew rapidly and luxuriantly. It is also said to have
had the effect of destroying inseects,

In the winter of 1795-6, Mr. Boulton erected a steam
heating apparatus in the library of his friend, Dr. Withering,
“which, in point of heating, answered perfectly; but the
pipes being made of copper, and soft soldered in some places,
the smell of the solder was rather unpleasant to the Doctor,
who was then in an infirm state of health with diseased lungs.
The apparatus was, in consequence, removed to Soho, where
Mr. Boulton proposed erecting it in his own house, in which
he was making alterations about this time, and had it in view
to heat every room in the house by steam. A boiler was put
up for that purpose in one of the cellars, but some circum-
stance ocenrred to prevent his continuing the plan. The
subject, however, underwent frequent discussion, and the
different modes of effecting it were amply considered by
Messrs. Boulton and Watt, as was known to many of their
friends, no secret having been made,

ST either of calculations of surface, or of
N\ the modes of applying them.” *
(;\ About the end of the year 1799,
1 F'T Mr. Lee, of Manchester, under the

¢| direction of Boulton and Watt, erected
a heating apparatus of cast-iron pipes,
which served also as supports to the
7 £ floor. This answered perfectly, and
A was, In point of materials and construc-
“] = tion, the earliest of its kind. Mr_. Lee
' afterwards had his house heated by
Fig. 57. Early Form of  gteam, and the staircase, hall, and
Steam Apparafus. 1 4ssages, were warmed by the apparatus
ghown in Fig. 57. It was placed in the underground story,

# ¢ Buchanan on the Economy of Fuel, &e.” 1810; 2nd edition, 1815.
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and consisted of a vertical cast-iron eylinder, a, surrounded
by a casing of brickwork, leaving a space, e e, of 21 inches
all round, and having openings, ¢, below, to admit the air.
This casing was surrounded, at the distance of 3 or 4 inches,
by another wall, forming a sort of well, e. The colder and
heavier air, falling to the bottom of this well, entered by the
holes, 7, into the space, ¢, where it came in contact with the
eylinder, @, and, being heated, ascended. The entrance of the
steam into the eylinder was regulated by a valve, the air being
allowed to escape by a stop-cock, while the steam was entering ;
the condensed water escaping by a pipe not shown in the
fignre. The transmission of the heated air was regulated by
a valve at @, on the top of the brickwork. This apparatus
was so effective, and heated the staircase to such a degree, that
after it had been in operation a short time it was necessary
to suspend its action by closing the valve at a, or by closing
the valve which admitted steam into the cylinder.

The method of heating buildings by steam has scarcely
advanced since the time when DMessrs. Boulton and Watt
erected their apparatus for the purpose, and Mr. Buchanan
wrote a practical treatise on the subject. The hot-water
apparatus has, for the most part, superseded the steam appa-
ratus, so that our details need not be very full.

In establishments where a steam-engine is in daily use, the
steam pipes may be supplied from the engine boiler, its dimen-
sions being enlarged at the rate of 1 cubic foot for every
2,000 cubic feet of space to be heated to the temperature of
70°or 80°. A boiler adapted to an engine of one-horse power
is sufficient for heating 50,000 cubic feet of space. Hence an
apparatus specially erected for the purpose need not be of very
large size, nor is the quantity of fuel consumed great. If the
fire under a small boiler be carefully managed, 14 lbs. of New-
castle coal will convert 1 cubic foot of water at 50° into
1,800 cubic feet of steam at 216°; and only 12 lbs. of coal
are required to convert the same quantity of water into steam
at 212°, The shape of the boiler, and the method of setting
it, must also be considered, and the furnace must be arranged
go as to admit no more air than is required to support the
combustion. The hot air must also be kept in contact with
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the sides of the boiler until as much of the heat as possible be
abstracted from it. In such an arrangement, according to
Dr. Arnott, nearly half of all the heat produced in the com-
bustion is applied to use.

In estimating the extent of surface of steam pipe required
to raise the rooms to the proper temperature, it is necessary
to consider how the heat is expended. This is done in three
ways :—1, Through the thin glass of the windows; 2, More
slowly through the walls, floors, and ceiling ; and 3, In com-
bination with the air which escapes at the joinings of the
windows and doors, or through openings expressly made for
the purpose of ventilation. The amount of heat lost in this
way has been variously estimated by different writers, but
Dr. Arnott states it thus:—That in a winter day, with the
external temperature at 10° below freezing, to maintain in an
ordinary apartment the agreeable and healthful temperature
of 60° there must be of surface of steam pipe, or other steam
vessel heated to 200° (which is the average surface-tempera-
ture of vessels filled with steam of 212°), about 1 foot square
for every 6 feet of single glass window of usunal thickness; as
much for every 120 feet of wall, roof, and ceiling, of ordinary
material and thickness; and as much for every 6 cubic feet
of hot air escaping per minute as ventilation, and replaced
by cold air. A window, with the usual accuracy of fitting,
allows about 8 feet of air to pass by it in a minute, and there
should be for ventilation at least 3 feet of air per minute for
each person in the room. According to this view, the quan-
tity of steam pipe or vessel needed, under the temperature
supposed, for a room 16 feet square by 12 feet high, with
two windows, each 7 feet by 3, and with wventilation, by
them or otherwise, at the rate of 16 cubic feet per minute,
would be—

Feet.

For 42 square feet of glass (requiring 1 foot for 6) . . 7
s 1,238 feet of wall floor and ceiling (requiring 1 foot for laﬂ} 104
1 16 feet per minute for ventilation (requiring 1 foot for 6) . 2%

Total of heating surface required . . . . . . 20

‘Which is 20 feet of pipe 4 inches in diameter, or any other
vessel having the same extent of surface—as a box 2 feet
high, with square top and bottom of about 18 inches. It
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may be noticed that nearly the same quantity of heated sur-
face would suffice for a larger room, provided the quantity of
window glass and of the ventilation were not greater; for
the extent of wall, owing to its slow conducting quality, pro-
duces comparatively little effect.

The same authority also supplies the following illustra-
tions :—A heated surface, as of iron, glass, &e., at tempera-
tures likely to be met with in rooms, if exposed to colder
air, gives out heat with rapidity nearly proportioned to the
excess of its temperature above that of the air around it, less
than half the heat being given out by radiation, and more than
half by contact of the air. Thus, if the external surface of an
iron pipe heated by steam be 200° while the air of the room
to be warmed by it is at 60°, showing an excess of temperature
in the pipe of 140°, such pipe will give out nearly seven times
as much heat in a minute as when its temperature falls to 80%,
because the excess is reduced to 20°, or one-seventh of what it
was. Supposing window glass to cool at the same rate as iron
plate, 1 foot of the steam pipe would give out as much heat
as would be dissipated from the room into the external air by
about 5 feet of window, the outer surface of which was 30°
warmer than that air. Dut as glass both conducts and radiates
heat about one-seventh slower than iron, the external surface
of the glass of a window of a room heated to 60° would, in an
atmosphere of 22°, be under 50°, leaving an excess of less than
30°; and about 6 feet of glass would be required to dissipate
the heat given off by 1 foot of the steam pipe. In double
windows, whether of two sashes or of double panes, only half
an inch apart in the same sash, the loss of heat is only about
one-fourth of what it is through a single window. It is also
known that 1 foot of black or brown iron surface, the iron
being of moderate thickness, with 140° excess of temperature,
cools, in one second of time, 156 cubic inches of water, one
degree. From this standard fact, and the law above given,
a rough calenlation may be made for any other combination
of time, surface, excess, and quantity. And it is to be recol-
lected that the quantity of heat which changes in any degree
the temperature of a cubic foot of water, produces the same
thange on 2,850 cubic feet of atmospheric air.
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The arrangement of the steam pipes has next to be con-
sidered. A common method is shown in Fig. 58, in which «
is the pipe from the boiler, rising at

D D j once to the upper story. From this
= = «ldl pipe proceed horizontal branches,
| : = b b, to each floor. Each branch is
s D D 5 J furnished with a stop-cock at o,

L

by which means the stecam can be

|_ = —=
4 A D U ; J turned on or off at pleasure, in any

: - 9 one of the three stories, The water
Fig. 58. Arrangement of Pipes. gpising from the condensation of the
steam in each pipe, flows back into the boiler along the
ascending pipe. But if it be not convenient to place the boiler
below the level of the lowest floor, the condensed steam is
received into a reservoir, from which it is pumped into the
feeding cistern. At the extremity of each horizontal branch,
¢, is a stop-cock, which is opened when the steam is filling,
to allow the air to blow off.

Another arrangement of the heating pipes is shown in
! Fig. 69. Steam from the boiler
enters by the connecting pipe, a,
——— 8 — _#lg into the heating pipe, b, placed near
7 T the floor, and this is carried, with a
— || gentle slope, to the opposite side of
— the room, whence it rises into the
= next story, and returns along its
ST floor to the DPpDBitﬂ side, where it

8. o). Another Arrangement. yio0q 46 the third floor, and proceeds
as before, Here, also, the condensed water flows back in a
direction contrary to the current of the steam, and is removed
by a siphon at a. The air-vent is fixed at the highest point
of the arrangement, c.

It is necessary to prevent the condensed water from accu-
mulating in the pipes, otherwise it would be impossible to
maintain them at a uniform temperature. Moreover, this
water condenses the steam so rapidly that a vacuum is formed
within the boiler and pipes; and should they not be firm
enough to resist the external pressure of the atmosphere, the
boiler may be crushed in, and the whole system deranged. By
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a special arrangement, the condensed water is collected at
certain parts of the system, where it continues to give out heat
after the steam has ceased to flow into the pipes. In suel
cases stop-cocks may be employed, so arranged as to allow the
water to be afterwards withdrawn from the pipes. The same
cocks also serve for letting the air out of the pipes when the
steam is first admitted ; but when the water is returned into
the boiler, the advantage of this supply of heat cannot be
reserved ; and in these cases a self-acting apparatus is used
for taking off the water of condensation. Such a siphon is
represented in I'ig. 60. The pipes
are so fixed that A is the lowest N
point of a branch pipe, so that any
quantity of water that may be formed
in it will flow into the siphon, a B¢,

at 4, and escape at ¢, where it may
be received into any vessel ; for,asthe TTTTTIT |
water is pure distilled water, it may ‘ E«\ g §
be useful for a variety of purposes. S E E R
The water in the legs of the siphon k) N
acts as a trap to the steam in the A\ I R
pipe, A ; hence, the length of the leg, R 1|
A B, should not be less than is equiva- R :
lent to the force of the steam in the R
pipes. When, for example, the steam A | .
is worked at the rate of 10 lbs. per W |
square inch, the column of water s e
should not be less than 10 feet, and N O
even with this pressure there will be b w 3y
n k]

considerable oscillations unless avalve
be placed at some intermediate point
between A and 2. When the legs are both filled with water,
and at rest, this valve should be open, so as to close whenever
the water has a tendency to return into the pipe. The siphon
should be large enough to carry off all the water of conden-
gation, but not too large, or there wounld be a loss of heat in
the leg, A B, from its being filled with steam, and, in all cases,
the siphon should be protected from frost. In conneection
with the siphon, it is usnal to place a cock for letting the air

Fig. G0. Siphon.
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out of the pipe, instead of the stop-cock above referred to.
Such a cock is shown at g, and it is made to range with the
lower part of the pipe, becanse the air, being heavier than
steam, will occupy only the lower portion of it.

In cases where sufficient depth cannot be afforded for a
siphon, a steam trap or valve, made to open by a float ball,
is employed. Tredgold's
arrangement is as follows :
B c (Fig. 61) 1s a square
box attached to the end, a,
of the steam pipe; b is
a hollow copper cylinder,
fixed to a conical valve, &.
When steam is condensed,
the square box will fill
with water,which will float
the hollow eylinder, and
the water will escape and
run by the pipe, ¥, into
the drain. Whenever the
quantity of water in the
box is greater than is
required just to float the
cylinder, and when there
is less than will float it, the valve will be closed. In this
case, also, a stop-cock, s, will be necessary to let out the air
while the pipes are being filled with steam.

The various methods of connecting the cast-iron pipes are
by the flange joint, and the spigot and faucet, or socket joint.
Mr. Buchanan gives minute directions for these, but he seems
inclined to recommend the thimble joint. Care must, of
course, be taken in joining the pipes to
allow room for expansion. This is some-
times done in the thimble joint (Fig.62), in
which tke adjoining ends of the pipes, a¢,
are turned true on the outside, and have a
thimble, or short eylinder of wrought iron,
to enclose them, leaving only a small space for the current.
A piece of tin, ¢, or inner thimble, is interposed, and made to

Fig. 62,
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fit well to the turned parts of the pipes, which, under the
influence of heat or cold, work forwards or backwards, like a
piston in a cylinder. In a range of pipes 120 feet in length,
there was a motion from expansion of three-quarters of an
inch ;: but the usual allowance for the expansion of cast-iron
pipes is one-eighth of an inch in 10 feet, or 47 of their
length. Cast-iron, heated from 327 to 212° expands 45 of
its length, which is nearly one and three-eighths of an inch
in 100 feet. A similar expansion joint applied to the spigot

and faucet connection (Fig.63) answered very

well, Lead cannot be substituted for tin or fems—
iron cement in joints, for, by frequent heating, {. « d
it becomes permanently expanded, while the e

iron pipes, always contracting in cooling, and Fig. 63,

the lead not participating in the contraction,

the joints soon get loose. Count Rumford introduced an
expansion drum, x (Fig. 64), of thin copper, between the
extremities of two pipes, @ ¢, which, in

elongating, pressed the sides of the drum '____1_
inwards, and in cooling drew them out- M1 h
wards. The pipes should not be connected F=— =75
with any part of the building, but be quite | ¢ {l

independent thereof. All the horizontal = |[/—
branches should be supported on rollers, -
and nothing done to interfere with the =
expansion of the different parts. A

In private dwellings, where the appearance of the pipes is
objectionable, they may be concealed behind perforated mould-
ings, or skirtings, or cornices; or the steam may be brought
into ornamental vases dispersed about the room, each furnished
with a small stop-cock, to allow the air to escape while the
steam is entering.

The method of heating buildings by steam has been long
superseded by hot-water apparatus of various kinds, which,
however, may be resolved into two distinet forms or modifi-
cations, dependent on the temperature of the water. In the
Jirst form of apparatus the water is at or below the ordinary

. temperature of boiling. In this arrangement the pipes do
. not rise to any considerable height above the level of the
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boiler, so that the apparatus need not be of extraordinary
strength, One pipe rises from the top of the boiler, and
traverses the places to be warmed, and returns to terminate
near the bottom of the boiler. Along this tube the heated
water circulates, giving out its heat, as it proceeds. The
boiler may be open or closed. If open, the tube, when once
filled with water, acts as a siphon, having an ascending cur-
rent of hot water in the shorter leg, and a descending current
of cooled water in the longer leg. If the boiler be closed, the
giphon action disappears, and the boiler with its tubes become
as one vessel. In the second form of apparatus the water is
heated to 350° and upwards, and is, therefore, constantly
secking to burst out as steam, with a force of 70 1bs. and up-
wards on the square inch, and can only be confined by very
strong or high-pressure apparatus. The pipe isof iron, about
an inch in diameter, made very thick. The length extends
to 1,000 feet and upwards, and where much surface is required
for giving out heat the pipe is coiled up like a screw. A
similar coil is also surrounded by the burning fuel, and serves
the place of a boiler.

The heating of rooms by the circulation of hot water in
pipes seems to have occupied the attention of a few specu-
lative individuals long before the attempt was actnally made.
The first successful trial is assigned to Sir Martin Triewald,
a Swede, who resided for many years at Newcastle-on-Tyne,
and about the year 1716, described a method for warming a
greenhouse by hot water. The water was boiled outside the
building, and then conducted by a pipe into a chamber under
the plants.

But the first successful attempt, on a large scale, was made
in France in 1777, by M. Bonnemain, in an apparatus for
hatching chickens, for the purpose of supplying the market
of Paris. A section of this heating apparatus is shown in
Fig. 65, in which « is the boiler, d a feed pipe, o a stop-cock,
for regulating the quantity of ascending hot water, b the pipe
by which the hot water ascends from the boiler into the heat-
ing pipes, ¢ ¢, which traverse the hatching chamber. These
heating pipes have a gradual slope towards the boiler, to
which the waler returns by the pipe, e, carried nearly to
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the bottom. In this way the water, cooled by being circu-
lated through a long series of pipes, is being constantly
returned to the lowest part
of the boiler, where it re-
ceives a fresh amount of heat,
and being thus rendered |
lighter, rises up the pipe, ¢
b, and descends the inclined EL -
|

planes of the pipes, losing a
portion of its heat on the
way, and at the same time
increasing in density ; the
veloeity of the current depending on the difference between
the temperature of the water in the Doiler and that in the
descending pipe. At the highest point of the apparatus is a
pipe, ¢, furnished with a stop-cock, for the escape of the air
which the eold water holds in solution on entering the boiler.
The water that rises along with it is received into the vessel, Z.

The arrangements of this apparatus are excellent; they
have been taken as a model in many subsequent methods,
although the merits of the inventor have not always been
acknowledged. The plan was introduced into this country in
1816, by the Marquis de Chabannes, who was long regarded
as the inventor. About the year 1822, Mr. Bacon and Mr,
Atkinson introduced modifications of the apparatus, but the
latter gentleman succeeded in reducing it to its most simple
and practical form.

Whatever be the arrangement adopted for warming build-
ings by this method, two considerations must be specially
attended to, namely, sufficient strength to bear the hydrostatic
pressure ; and freedom of motion for eurrents of water of vary-
ing temperatures, and consequently of varying densities. As
fluids transmit their pressure equally in every direction, a
column of water, rising from a strong vessel to a certain
height, may be made to burst the vessel with enormous force.
Thus, a tube whose sectional area is 1 inch, rising to the
height of 341 feet from the bottom of a vessel of water, will,
if the tube be also full of water, exert a bursting pressure on
every square inch of the inner surface of such vessel of one

Fig. G5. Bonnemain’s Arrangement.
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atmosphere, or 15 lbs. If the sectional area of the tube be
increased, the pressure remains the same, because it is distri-
buted over a larger surface of the vessel. If a boiler be 3
feet long, 2 feet wide, and 2 feet deep, with a pipe 28 fect
high from the top of the Loiler, when the apparatus is filled
with water, there will be a pressure on the boiler of 66,816 1bs.,
or very nearly 30 tons. This will show the necessity for
great strength in the boiler, especially when it is considered
that the effect of heat upon it is to diminish the cohesive
force of its particles. But even supposing the apparatus were
to burst, no danger would arise, because water, unlike steam,
has but a very limited range of elasticity. The boiler just
described would contain about 75 gallons of water, which,
under a pressure of one atmosphere on the square inch, would
be compressed about 1 cubie inch ; and if the apparatus were
to burst, the expansion would only be 1 cubic inch, and the
only effect of bursting would be a eracking in some part of
the boiler, occasioning a leakage of the water.

The circulation of the water is brought about by the
principle of convection already explained (page 32 et seq.)
When heat is applied to a vessel containing water the prin-
ciple of conduction altogether fails, for water is so imper-
fect a conductor of heat, that if the fire be applied at the top,
the water may be made to boil there without greatly affecting
the temperature below. DBut when the fire is applied below,
the particles in contact with the bottom of the boiler, being
first affected by the heat, expand, and thus becoming specifi-
cally lighter than the surrounding particles, ascend, and
other particles take their place, which, in like manner becom-
ing heated, ascend also; and the process goes on in this way
until the whole contents of the boiler have received an acces-
sion of temperature. If the process be continued long enough,
the water will boil and pass off in steam; if the boiler be
closed in on all sides, so as to prevent the escape of steam,
it must be of great strength or be provided with a-valve
to prevent an explosion. If a tube full of water rise
from the top of the boiler in a vertical line to any required
height, and then, by a series of gentle curves, descend, and
cater near the bottom of the boiler, the process of heating 13
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still the same. The particles of water first heated will rise,
and, in doing so, distribute their heat to other particles, which
will also rise; these, in their turn, will lose a portion of their
heat to other particles, which rise in their turn, until at length
an equilibrium is established. DBut as the source of heat is
permanent, other particles are rapidly brought under its action,
and, being heated, ascend. By continuing the process a short
time the particles in the vertical tube become heated, and, by
their expansion, exert a pressure on the water contained in
the lateral branches ; this, together with the increasing levity
of the waterin the boiler, establishes a current, and the water
from the branches begins to set in in the direction of the
boiler ; the water in the lowest branch, where it enters the
boiler, supplying colder and heavier particles every moment,
to take the place of the warmer and lighter particles which
are being urged upwards along the vertical pipe.

Now, to ascertain the force with which the water returns
to the boiler, we must know the specific gravities of the two
columns of water, the ascending and the descending, and the
difference between them will be the effective pressure, or
motive power. This can be done by ascertaining the tem-
perature of the water in the boiler, and in the descending
pipe. When the difference amounts to only a few degrees
the difference in weight is very small, but quite sufficient in
a well arranged apparatus to maintain a constant circulation.
For example, suppose an apparatus to be at work, in which
the temperature in the descending pipe is 170° and the tem-
perature of the water in the boiler, the height of which is 12
inches, is 178°. The difference in weight is 816 grains on
each square inch of the section of the return pipe. If the
boiler, A (Fig. 66), be 2 feet
high, and the distance from
the top of the upper pipe,c, [B
to the centre of the lower L_l.L'— £
pipe, d, be 18 inches, and
the pipe 4 inches in dia- Fig. 66.
meter, the difference of pressure on the return pipe will be
153 grains, or about one-third of an ounce weight, and this
will be the amount of motive power of the apparatus, what-
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ever be the length of pipe attached to it. * If such an appa-
ratus have 100 yards of pipe, 4 inches in diameter, and the
boiler contain 30 gallons, there will be 190 gallons or 1,900 1bs.
weight of water kept in continual motion by a force equal to
only one-third of an ounce.”*

The amount of motive power increases with the size of the
pipe. The power being four times as great in a pipe of 4
inches in diameter as in one of 2 inches, as the former con-
tains four times as much water as the latter; but, as the resist-
ance increases equally with the power, the actual working
effect is the same in pipes of all sizes. The motive power is
inereased by allowing the water to cool before it returns to
the boiler, or by increasing the height of the ascending and
descending columns of water. “ By doubling the difference of
temperature between the flow pipe and the return pipe, the
same increase of power is obtained asby doubling the vertical
height; and by tripling the difference in temperature, the
same effect is produced as by tripling the vertical height.”
The difference in temperature may also be increased by in-
creasing the quantity of pipe, or by diminishing its diameter,
so as to expose a larger amount of surface, in pro-
portion to the quantity of water contained in it,
so as to allow it to part with more heat within
a given time. DBut the method which must be
principally depended on, when additional power is
required to overcome any unusual obstruction, is
to increase the height of the ascending column.

Another method of estimating the velocity of
motion of the water of a hot-water apparatus is
to regard the two portions of the system as the
lighter and heavier fluids in the two limbs of a
barometrical aériometer. This instrument is an
inverted siphon, Fig. 67, and its use is to ascer-

Fig. 6. tain, in a rough way, the specific gravities of im-
miscible fluids. If mercury be poured into one limb, 4, and

=LA

# Mr. Hood, in his “ Treatise on Warming Buildings by Hot Water, &e.,”
gives a table showing the difference in weight of two columns of water, each
1 foot high, at various temperatures. The information, together with the wood
engravings contained in the next ten pages, is chiefly derived from Mr. Hood’s
work, a third edition of which was published in 1835.
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water into the other, B, and the stop-cock at ¢ be turned, so
as to establish a communication between them, it will be
found that an inch of mereury, F p, in one limb will balance
13} inches of water, 1 g, in the other limb ; thus showing that
the densities or specific gravities of the two fluids are as 13}
to 1. If oil be used instead of mercury, it will require 10
inches of oil to balance 9 inches of water. Or if equal bulks
of oil and water be poured into the limbs of the siphon, and
the stop-cock be then turned, the oil will be forced upwards
with a velocity equal to that which a solid body would acquire
in falling by its own gravity through a space equal to the
additional height which the lighter body would occupy in the
siphon. Now, as the relative weights of water and oil are as
9 to 10, the oil in one limb will be forced upwards by the
water with a velocity equal to that which a falling body (in
this case, the water) would acquire in falling through 1 inch
of space, and this velocity is equal to 138 feet per minute.

In estimating the velocity of motion of the water in a hot-
water apparatus the same rule will apply. * If the average
temperature be 170° the difference between the temperature
of the ascending and descending columns 8° and the height
10 feet ; when similar weights of water are placed in each
column, the hottest will stand 331 of an inch higher than the
other ; and this will give a velocity equal to 79'2 feet per
minute. If the height be 5 feet, the difference of temperature
remaining as before, the velocity will be only 55'2 feet per
minute; but if the difference of temperature in this last
example had been double the amount stated—that is, had
the difference of temperature been 16°, and the vertical height
of the pipe & feet—then the velocity of motion would have
been 792 feet per minute, the same as in the first example,
where the vertical height was 10 feet, and the difference of
temperature 8°.”

But, in all these ealculations, a considerable deduction must
be made for the effects of friction. In the centre of the
ascending pipe the heated particles meet with the smallest
amount of obstruction, and tliecre the motion is quickest ; but
at and near the circumference of the pipe, the retarding
effects of friction are most apparent. In the descending pipe
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the friction is less, for the water descends more as a whole,
and is, moreover, assisted by the gravity of the mass. In an
apparatus where the length of pipe 1s not great, where the
pipes are of large diameter, and the bends and angles few, a
large deduction from the theoretical amount must still be
made, to represent, with anything like accuracy, the true
velocity ; and Mr. Hood states that in more complex appa-
ratus the velocity of circulation is so much reduced by friction,
that it will sometimes require from 50 to 90 per cent. and
upwards to be dedncted from the calculated velocity, in order
to obtain the true rate of circulation.

The amount of friction not only varies according to the
arrangement of the apparatus, but also according to the size
of the pipes. Itis much greater in small pipes than in large
ones, on account of the relatively larger amount of surface
in the former; besides this, small pines cool quicker than
large ones, and this increases the velocity of the cireulation,
and with it the friction is also increased. When the velocity
with which the water flows is the same in pipes of different
gizes, the relative amount of friction is as follows : —

Diameter of thepipes . . . . 2in. lin. 2in, 3in, 4in.
The amount of friction, . . . 8 4, 3, 13, l

So that, if the friction in a pipe of 4 inches diameter be
represented by 1, the friction of a pipe 2 inches in diameter is
twice as much, and a 1-inch pipe four times as much. By in-
creasing the velocity the friction increases nearly as the square
of the velocity : but as the water in a hot-water apparatus cir-
culates with various degrees of speed in its different parts, it
is not easy to calenlate the amount of friction from this cause.

I't will be seen, then, that when all the deductions are made,
the circulation of the water is produced by a very feeble
power, so that, as may be supposed, a very slight cause 1s
gufficient to neutralise it. Mr. Hood has known so trifling a
circumstance as a thin shaving accidentally getting into a
pipe effectually to prevent the circulation in an apparatus
otherwise perfect in all its parts.

But the great point to be attended to is, so to dispose the
pipes that the water, in its descent, may not be obstructed by
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differences of level, or angles in the pipes, where air may
aceumulate ; for this, by dividing the stream, effectually
prevents the circulation. TFor example, in an apparatus con-
strncted in the form repre-
sented in Flig. 68, the motion
through the boiler and pipe,
A B, takes place by convec-
tion, and through the de-
scending pipe, ¢p, by the
force of gravity, as already
described.  DBat it will be
seen, that when the motion
commences 1n the return
pipe, D B, in consequence of the greater pressure of ¢ b than
of A B, the water in A will be forced towards e, while the water
in e fgh flows towards ¢.  Dut when a very small quantity
of hot water has passed from the pipe and boiler, a B, into
the pipe, e f, the column of water, ¢ &, will be heavier than the
column, e £, and the eurrent will therefore tend to move along
the upper pipe towards the boiler, instead of from it. “ This
force, whatever its amount, must oppose that in the lower or
return pipe, in consequence of the pressure of ¢ p being
greater than A B; and unless the force of motion in the
descending pipe, ¢ b, be sufficient to overcome this tendency
to a retrograde motion, and leave a residual force sufficient
to produce direct motion, no cireulation of the water can
take place.”

With respect to the accumulation of air in the pipes, every
part of the apparatus where an alteration of level occurs must
be furnished with a vent for the air. Thus, in Fig. 68, if the
air accumulate in the pipe between a and e, it is evident that
a vent at ¢, although it would take off the air from g/h and
from ¢ b, could not receive any portion of that which is con-
fined between A e, or between ef; because, in that case, it
must descend through the pipe, e/, before it could escape ;
and as air is so very much lighter than water, it cannot pos-
sibly descend so as to pass an obstructicn lower than the place
where it is confined. The same remark applies to all cases,
however large or small the descent may be, and the accidental

I
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misplacing of a pipe in the fixing, by whieh one end may be
made a little higher than the other, will as effectually prevent
the escape of air through a vent placed at the lower end, as
though the deviation from the level were as many feet as it
may, perhaps, be inches.

When it is required to heat a number of separate stories by
the same boiler, one of two methods may be adopted. The
vertical pipe from the boiler may be carried up to the highest
story, and the return pipe meander through each story, until
it finally terminates in the boiler. But it is obvious that in
such case the top story will get the larger share of the heat,
and the lower stories will be gradually less heated, on account
of the cooling of the water in its passage to the boiler. The
second method is to supply each story with a separate range
of pipes branching out from the main pipe, and returning
either together or separately into the boiler. The application
of this principle, however, requires caution ; for if the branch
pipes are simply inserted into the side of a vertical ascending

pipe, the hot current may pass by, instead of flowing into,
them. Some contrivance is

e =t therefore necessary to delay the
1 motion of the upward current,

R | and to cause it to turn aside at
.I the points required. This may

(F‘L——'-‘—— 3_3? be done by the arrangement
& shown in Fig. 69, which is a

- variation of a figure in Mr.
Hood’s work., Here it will be

L 53J perceived that as the water
4 ascends from the boiler, B, it re-

”: ceives a check at b, whereby it

tends to flow through the hori-
zontal pipe at that level. The

8\Vaa same also occurs ate, and by this
& means a nearly equal flow of
' hot water may be obtained. If

Fig. 69, 3 :
e it be required to cut off the

supply of heat from one story while the others are being
heated, this may be done by turning a stop-cock at s, by
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which the heated current is prevented from flowing along the
- particular branch so closed. But whenever a branch is closed
as at s, it 1s necessary also to close the other end, ¢, of the
same branch, otherwise the water in the descending return
pipe, r, being warmer and lighter than that in the branch
closed at s, will circulate therein, and thus raise the tempera-
ture of the room intended to be kept cool.

In some arrangements, the hot ascending current of the
vertical main is made to discharge into an open cistern at the
top, as in Fig. 70, and from the bottom of this cistern the
various flow-pipes are
made to branch off. Dy
this means the expensc
of cocks or valves is
avoided ; for by driving
a wooden plug into one
or more of the pipes
which open into the cis-
tern, the circulation will
be stopped until the ap-
paratus is heated; but in that case water will flow back
through the return pipe. This, however, may be prevented
by bending a lower portion of the return pipe into the
form of an inverted siphon, as shown in the figure. This
will not prevent the circulation when the flow-pipe is open;
but if that be closed by a plug in the cistern, the hot water
will not return back through the lower pipe. Any sediment
that may accumulate in the giphon may be removed, from time
to time, by taking off the cap at the lower part of the bend.

In such an arrangement as that shown in the last two
figures, the vertical main pipe need not be of larger diameter
than the branches, unless these extend to a very considerable
distance, and then the diameter of the main pipe may be
somewhat enlarged. It is not, however, desirable to increase
the diameter of the main, because it is an object to economise
the heat in this pipe, and there are circumstances in which a
small main loses less heat than a large one, as, for example, in
the arrangement shown in Fig. 70. If one main pipe, 8 inches
in diameter, supply four branches in a given time, it is evident

1 2

Fig. 70,
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that, by reducing the main to 4 inches in diameter, the water
must travel four times faster through the smaller pipe to
perform the same amount of work; fmﬂ under such cirecum-
stances, the water will lose only lnfﬁf as much heat in passing
through the small main as it would do in ascending the larger
one, for the loss of heat sustained by the water is directly as
the time and the surface conjointly.

Hence, in warming by the same boiler two rooms separated
from each other by a considerable distance, the pipe connecting
the two rooms may be of smaller diameter than the pipes used
for diffusing the heat. Thus, a pipe of 1 inch diameter may
be used to connect pipes 4 inches in diameter.

The great specific heat of water, whereby it is enabled
to retain its heat for a very long time (see page 47), is
n great advantage of this method of warming buildings.
The rate at which this apparatus cools depends chiefly on
the quantity of water contained in it with respect to the
amount of surface exposed, and the excess of temperature
of the apparatus above that of the surrounding air ; but for
temperatures below the boiling point, this last circumstance
need only be taken into account in estimating the velocity with
which this apparatus cools. Now, the variation in the rate of
cooling for bodies of all shapes is inversely as the mass divided
by the superficies. In cylindrical pipes, the inverse number
of the mass divided by the superficies is exactly equal to the
inverse of the diameters; so that, supposing the temperature
to be the same in all—

In pipes of . . mbeyia gl
the ratio of cu&llng willbe . . 4

b2 o

3
1-3

4 inches diameter,
1
H

That is, a pipe of 1 inch in diameter will cool four times as
quickly as a pipe of 4 inches in diameter, and so on. These
ratios multiplied by the excess of heat in the pipes above that
of the surrounding air will give the relative rates of cooling
for different temperatures below 212°; but if the temperatures
be the same in all, the simple ratios given above will show
their relative rate of cooling, without multiplying by the
tcmperatures.

These caleulations supply practical rules for estimating the
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size of the pipes under different circumstances. If the heat
be required to be kept up long after the fire is extinguished,
large pipes should be used; if, on the contrary, the heat is
not wanted after the fire is put out, then small ones will
answer the purpose. Pipes of larger diameter than 4 inches
should never be used, because they require a very long time
to be heated to the proper temperature. Pipes of 4 inches
in diameter are well mlnptcd for hot-houses, green-houses,
and conservatories. Pipes of 2 or 3 inches may be used fur
warming chuarches, factories, and dwelling-houses. Such
pipes retain their heat for a sufficient length of time, and they
can be more quickly and more intensely heated than larger
pipes, so that, on this acconnt, a smaller quantity of pipe will
often suffice.

With respect to the quantity of pipe required for warming
a building of ascertained size, it is necessary to bear in mind
the rate at which a given quantity of hot water in an iron
pipe will impart its heat to the surrounding air. Now, it
has been shown by Mr. Hood, that the water contained in an
iron pipe 4 inches in diameter internally, and 4% inches
externally, loses *851 of a degree of heat per minute when
the excess of its temperature is 125° above that of the sur-
rounding air; and as 1 cubic fcot of water in losing 1° of its
lieat will raise the temperature of 2,990 cubic feet of air the
like extent of 1°, so 1 foot length of 4-inch pipe will heat 222
cubie feet of air 1° per minute, when the difference between
the temperature of the pipe and the air is 125°.

There is also to be taken into account the loss of heat per
minute arising from the cooling power of glass, ventilation,
radiation, clachs in doors and umdo“ 8, and -:}thm causes. An
allowance of from 3% to 5 cubic feet of air ought to be made
per minute for each person in the room, so that, for the pur-
poses of respiration, this quantity will have to be discharged,
and an equal supply of air brought in to be warmed.

According to Mr. Hood’s e*cpcriments one square foot of
glass will cool 1'279 cubic feet of air as many degrees per
minute as the internal temperature of the room exceeds the

temperature of the external air. If the difference between
them be 30°, the 1-279 cubic feet of air will be cooled 30° by

[
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each square foot of glass, that is, as much heat as is equal to
this will be given off by each square foot of glass.

From these and other calenlations, for which we must refer
to Mr. Hood's able work, the following corollary is drawn :—
“The quantity of air to be warmed per minute in habitable
rooms and in public buildings, must be from 34 to 5 cubic feet
for each person the room contains, and 1% cubie feet for each
square foot of glass., For conservatories, forcing-houses, and
other buildings of this description, the quantity of air to be
warmed per minnte must be 15 cubic feet for each square foot
of glass which the building contains. When the quantity
of air to be heated per minute has been thus ascertained, the
quantity of pipe that will be necessary to heat the bnilding
may be found by the following rule :—Multiply 125 (the excess
of temperature of the pipe above that of the surrounding air)
by the difference between the temperature at which the room
is purposed to be kept, when at its maximum, and the tem-
perature of the external air; and divide this product by the
difference between the temperature of the pipes and the pro-
posed temperature ¢f the room; then, the quotient thus
obtained, when multiplied by the number of cubie feet of air to
be warmed per minute, and this product divided by 222 (the
number of cubic feet of air raised 1° per minute by 1 foot of
4-inch pipe) will give the number of feet in length of pipe
4 inches diameter, which will produce the desired effect.”

When 3-inch pipes are used, the quantity of pipe required
to produce the same effect will, of course, be different, To
obtain it, the number of feet of 4-inch pipe obtained by the
above rule must be multiplied by 1-33. If 2-inch pipe be
used, the quantity of 4-inch pipe must be multiplied by 2.

To determine the quantity of pipe required to maintain
a constant temperature of 75° in a hot-house, let it be
supposed that the external air occasionally falls as low as
10°, and calculate from this temperature. The amount of
heat to be supplied by the pipes is obviously that which is
expended by the glass, the cooling power of which is exactly
proportioned to the difference between the internal and the
external temperature, the actual eubical contents of the house
-making no difference in the result. If such a house have

i



FORM OF BOILER. 175

800 square feet of glass, it can easily be calculated, from the
preceding data, that this quantity will cool down 1,000 cubie
feet of air per minute from 75° to 10°, which will require
292 feet of 4-inch pipe. If the maximum temperature of the
pipe be 200° and the water be at 40° before lighting the
fire, the maximum temperature will be attained in about four
hours and a half; with 3-inch pipe in about three hours and
a quarter; and with 2-inch pipe in about two hours and a
quarter—depending, however, upon the structure of the
furnace and the quantity of coal consumed. If the external
temperature be higher than 107 the effect will be produced
in a proportionally shorter time.

In churches and large publie rooms, with an average
number of doors and windows, and moderate ventilation, a
more simple rule will apply for ascertaining the quantity of
pipe required. Where a number of persons are assembled, a
large amount of heat is generated by respiration, so that a
very moderate artificial temperature is sufficient to prevent
the sensation of cold. In such a case the air does not require
to be heated above 55°% or 55° and the rule is to take the
cubical measurement of the space to be heated, and dividing
this by 200, the quotient will be the number of feet of 4-inch
pipe required.

The efficiency of any form of hot-water apparatus will, of
course, greatly depend on the boiler, which ought to be so
constructed as to expose the largest amount of surface to the
fire in the smallest space; to absorb the heat from the fuel,
so that as little as possible may escape up the chimney; to
allow free circulation of the water throughout its entire extent,
and not be liable to get out of order by constant use. A
variety of boilers are figured in Mr. Hood’s work, and their
respective merits considered on scientific grounds. One of
these boilers is shown in Fig. 71. It
is of cast-iron, and the part exposed to E:L—{ 7,
the fire is covered with a series of ribs m 4
2 inches deep, and about one-fourth or ;
three-eighths of an inch thick, radiating Fig. 71.
from the crown of the arch at an average distance of 2 inches
from each other. These ribs greatly increase the surface
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exposed to the fire, exactly where the effect is greatest ; for,
being immediately over the burning fuel, it receives the
whole of the heat radiated by the fire. The form of this
boiler being hemispherical, will also expose the largest
amount of surface within a given area. The boiler shown in
Fig. 69, being of wrought-iron, and, therefore, thinner than
cast-iron, absorbs the greatest amount of heat from the fuel.

With respect to the size of the boiler, it has been shown
by experiment that 4 square feet of surface in an iron boiler
will evaporate 1 cubic foot of water per hour when exposed
to the direct action of a tolerably strong fire. The same
extent of heating surface which will evaporate 1 cubic foot
of water per hour from the temperature of 52° will be suffi-
cient to supply the requisite amount of heat to 232 feet of
4-inch pipe, the temperature of which is required to be kept
140° above the surrounding air; or 1 square foot of boiler
surface exposed to the direct action of the fire, or 3 square
feet of flue surface, will supply the necessary heat to about
568 superficial feet of pipe, or, in round numbers, 1 foot of
boiler to 50 feet of pipe. Dut as this is the maximum effect,
a somewhat larger allowance onght in general to be made,
If the difference of temperature be 120° instead of 140° the
game surface of boiler will supply the requisite amount of
heat to one-sixth more pipe, and if the difference be only
100°, the same boiler will supply above one-third more pipe
than the quantity stated.

With respect to the furnace, the rate of combustion of the
fuel will depend chiefly on the size of the furnace-bars, pro-
vided the furnace door be double and fit tightly. 'The ash-
pit should also be provided with a door to exclude the excess
of air when the fire is required to burn slowly. A dumb-
plate shonld also be provided, to cause the combustion to be
most active at the hinder part of the furnace instead of
directly under the boiler, 'The fuel will thus be gradually
coked, the smoke consumed, and the fuel economised.

In an apparatus containing 600 feet of 4-inch pipe, the
area of the furnace-bars should be 300 square inches, so that
14 inches in width and 22 inches in length will give the
amount of surface required. T'o obtain the greatest heat in
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the shortest time, the area of the bars should be propor-
tionally increased, so that a larger fire may be obtained. The
fire onght at all times to be kept thin and bright, and to
obtain a good effect from the fuel, 1 1b. weight of coal ought
to raise 39 lbs. of water from 32° to 212°.*

T'he best kind of pipes for hot-water apparatus are those
with socket-joints, flange-joints having long been out of use
for this purpose. Where the socket-joints are well made,
there is no fear of leakage, for the pipes themselves will yield
before the joints will give way, or before the faucet end of
one pipe can be drawn out of the socket of the other. The
joints must be well caulked with spun yarn, and filled up
with iron cement, or with a cement made of quicklime and
linseed oil.

Soft or rain-water ought always to be used in the hot-
water apparatus, because if hard-water be used, its salts will
form a sediment, or crust, in the boiler, and interfere with its
action. DBut as there is very little evaporation from this kind
of apparatus, the boiler will not require cleaning out for
years, if a moderate degree of attention be bestowed on the
water employed.

When the apparatus is not in use, care must be taken to
prevent the water from freezing in the pipes, or the sudden
expansive force of the water in freezing may crack them. If
the apparatus is not likely to be used for some time during
winter, it is better to empty the pipes than incur the risk of
freezing. It has been proposed to fill the pipes with oil
instead of water, and as the boiling point of oil is nearly three
times higher than that of water, it was thought that a tem-
perature of 400° might be safely given to the pipes. It was
found, however, that the oil at high temperatures became
thick and viscid, and at length changed into a gelatinous
mass, completely stopping all circulation in the pipes.

In the forms of apparatus to which the preceding details
refer, the temperature of the water never rises to the ordinary

* In the Cornish engines 651, and even 85 1bs. of water have been raised
from 32° to 2129, by the combustion of 1 lb. of coal. This is a far more
favourable result than has been produced with any other boilers or qualities
of coal than those employed in the experiment,

13
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Loiling point (212%); but we have now to notice a method
in which the temperature of the water is often beyond 300°;
this is the high-pressure method contrived by Mr. Perkins.*
In its simplest form, the apparatus consists of a continuous or
endless pipe, closed in all parts, and filled with water. There
is no boiler to this apparatus, its place being supplied by
coiling up a portion of the pipe (generally one-sixth of the
whole length) and arranging this in the furnace. The
remaining five-sixths of the pipe are heated by the cirenlation
of the hot water, which flows from the top of the coil, and
cooling in its progress through the building, returns to the
bottom of the coil to be re-heated. The diameter of the pipe
is 1 inch externally, and half an inch internally, and is formed
of wronght iron. The coil in the furnace being entirely sur-
rounded by the fire, the water is quickly heated, and becoming
also filled with innumerable bubbles of steam, these impart a
areat specific levity to the ascending current. At the upper
part of the pipe, the steam bubbles condense into water, and
uniting with the column in the return pipe, which is com-
paratively cool, the descent is rapid in proportion to the
expansion of the water in the ascending column, or, in other
words, according to the relative specific gravities of the two
columns of water.

As the expansive force of water is almost irresistible, in
consequence of its extremely limited elasticity, it is necessary
in the high-pressure apparatus to make some provision for the
expansion of the water when heated. The necessity for this
will appear from the fact, that water heated from 39-45° (the
point of greatest condensation) to 212°, expands about 55 part
of its bulk; and the force exerted on the pipes by this ex-
pansion would be equal to 14,121 Ibs. on the square inch.
The method adopted is, to connect a large pipe, called the
expansion pipe, 2% inches diameter, with some part of the
apparatus, either horizontally or vertically. It should be
placed at the highest point of the apparatus; and at the

# One authority on this subject is Mr. Richardson’s “ Treatise on the
Warming and Ventilation of Buildings, showing the advantages of the
Tmproved System of Heated Water Circulation, &e.” Second Edition.
London, 1839,

o i e i —— e o .



ARRANGEMENT OF PIPES, 179

bottom of the expansion pipe 1s inserted the filling pipe,
through which the apparatus
ig filled, While theapparatus Besuning
is being filled with water, the B tube

. i NAiv-plug
expansion tube is left open
at the top; water is then Filling tube 4
poured in through the fill- [
ing tube, and as it rises in
the pipes drives out the air
before it. 'When the pipes
are full, the filling pipe and l
the expansion tube are care- "
fully closed with serew plugs.
It is important to expel all
the air from the pipes, and
this is done, in the first in-
stance, by pumping the water
repeatedly throngh them.
The expansion pipe is, of HIlH
course, left empty, as its use
is to allow the water in the
pipes to expand on being
heated, and thus prevent the
danger of bursting. Irom
15 to 20 per cent. of expan-
sion gpace is nsnally allowed
in practice.

The furnace is generally
so arranged in the building
required to be heated, as to I
allow the tube proceeding ,
from the top of the coll, to dlle
be carried straight up at
once to the highest level at
which the water has to cir- !
culate ; here the expansion
tubeissituated, and from this i
point two or more descend- Fig. 12.
ing columns can be formed, which, after circulating through
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different and distant parts of the building, unite at length in
one pipe, just before entering the bottom of the coil in the
furnace.

The whole arrangement will be better understood by refer-
ring to Fig. 72, in which « is the ascending column ; b the
expansion tube ; ¢ the descending columns; and d the coil
in the furnace.

The heat 1s communicated to the air of the rooms from the
external surface of the pipes, which are coiled up as at e e,
and placed within pedestals, ranged about the room with
open trellis work in front, or they may be sunk in stone
floors, placed behind skirtings, or in the fire-places of each
floor, the flues being stopped, or arranged in any other con-
venient manner.

In consequence of the great internal pressure which these
tubes have to sustain, considerable care is required in their
manufacture. They are made of the best wrought iron,
rolled into sheets a quarter of an inch thick, and of the proper
width. The edges are then brought nearly together in the
whole length of the iron, which is generally about 12 feet,
In this state it is placed in a furnace and heated to a welding
heat. One end is then grasped by an instrument firmly
attached to an endless chain, revolving by steam power, and a
man applies a pair of circular nippers, which, when closed,
press the tube into the required size, and which he holds
firmly while the tube is drawn through them by the engine.
The edges are thus brought into perfect contact, and are so
completely welded, after passing two or three times throngh
the nippers, that a conical piece of iron driven into the end
of the tube will not open it at the joint sooner than at any
other part.

When the tubes are screwed together at each end, they are
proved by hydrostatic pressure,with a force equal to 3,000 lbs.
on the square inch of internal surface. In this state they are
sent to London, and such is the purity and ductility of the
iron, that the tubes can be easily bent, while cold, into coils
of different sizes and shapes, as required.

When the tubes are properly arranged and fixed in the
building, the whole apparatus is filled with water by a force

e
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pump, and subjected to considerable pressure before lighting
the fire. In this way faulty pipes or leaky joints are detected.

The tubes are joined by placing the ends within a socket,
forming a right and left hand screw, the edge of one tube
having been flattened, and the other sharpened ; they are then

screwed so tightly together, that the M,
sharpened edge of one pipe is in- ﬂ =il s
dented in the flattened surface of the —uux =l A |2

other. Another method of connecting ——— |l I
the pipesis by a cone joint. A double i
cone of iron is inserted into the ends el
of the pipes to be joined, and is made tight by two screw
bolts, as shown in Fig: 73. This joint is quickly made, and
1s very strong.

The furnace varies in form and dimensions according to
circumstances ; but a very common arrangement is shown in

Fig. 74. The Furnace.

Fig. 74. The size is about 31 feet square, increasing to
6 feet according to the extent of pipe connected with it,
The firo occupies a small space in the centre, raised about
1 foot from the ground, and the fuel is supp]ied through the
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hopper door, m, at the top. The outer casing, a, is of com-
mon brickwork ; b b are Welsh fire-lumps; c e are fire-
bricks, supporting the coil, & ; d d are reservoirs for the dust
and soot, which would otherwise clog the ecoil; g bearing-
bars for the grate ; % is the grate; the fire-door is double, and
there are also doors to the ash-pit
and dust reservoirs. Fig, 75 shows
the descending tube entering the
fire-chamber, and passing through
the bearing bars, g g, of the grate, A.
Fig. 76 is a section of the back
well or reservoir, d d, formed so as to support the coil, and
to cause the soot and dust to fall to the bottom.

In this arrangement of the furnace, the ignited coal is
surrounded on three sides by a thickness of 9-inch fire-brick,
or Welsh lnmps ; the hopper door is also placed in one of
these lnmps ; the coil is contained in
a chamber round the fire-brick, 41
inches wide; the pipe enters this
chamber, passing through the bearing
bars of the grate, which tends to pre-
serve the grate from burning; the
pipe passes out from the top of the
coll,at the npper part of the chamber.
The emoke passes through the cham-
ber containing the pipes, and escapes through an opening at
the back. The coil is in actual contact with the fire only in
front. The best fuel for this furnace is coke or Welsh hard
coal, such as is not liable to clog. The furnace may be
placed in a cellar, or be completely removed from the build-
ing to be warmed. The heat of the furnace can be moderated
by closing the ash-pit door and opening the furnace door, or
the reservoir door, so as to lessen the draught and admit cold
air to the coil. :

In the apparatus erected at the British Museum for warm-
ing the print-room and the bird-room, the furnace is in a
vault in the basement story, and the pipes, entering a flue, are
carried up about 40 feet to two pedestals, one in each room ;
one containing 360 feet-of pipe, and the other 400 fect. About

Fig. 76.
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140 feet of pipe are employed in the flow and return pipes in
the flue, and 150 feet are coiled up in the furnace. In this way,
1,050 feet of pipe are employed : the apparatus is very power-
ful, and supplies the requisite amount of heat. The print-room
is about 40 feet long, by 30 feet wide, and the ceiling con-
tains large sky-lights. The temperature of 65° can easily be
maintained in this room during winter, The fire is lighted
at 6 Ao, and is allowed to burn briskly till sufficient heat is
produced in the rooms, when the damper in the flue is par-
tially elosed. A slow fire is thus maintained ; at 11 A a
fresh supply of fuel is added, and this supports the fire till
4 p.u., when all the fires at the Museum are extinguished.*

The above details will suffice to show the nature and ap-
plication of this apparatus. For its adaptation to houses and
public buildings, under a greater variety of circumstances, we
must refer to Mr. Richardson’s work. We fully agree with
him, that in any building where this apparatus is intended to
be erected, it ought not to be introduced as an after-thought.
¢ It should be remembered, that as its complete suceess, and
its economical character, depend, in a great measure, upon
due consideration of its benefits being given at the com-
mencement of a building, o it ought, in future, to engage
the primary consideration of the architect and builder.”

It is, however, of great importance to ascertain whether
this apparatus is perfectly safe, for even a doubt on the sub-
ject must be fatal to its general introduction. The average
temperature of the pipes is stated to be generally abont 350°;
but a very material difference in temperature, amounting
sometimes to 200° or 300° is said to occur in different parts
of the apparatus, in consequence of the great resistance which
the water meets with in the numerous bends and angles of
this small pipe. The temperature of the coil will, of course,
give the working effect of the apparatus, but the temperature
of any part of the pipe will furnish data for estimating its

% Mr. Hood states, on the contrary, that, owing to the smallness of the
pipes in the high-pressure apparatus, the coil eools so rapidly when the fire
slackens in intensity, that the heat of the building is materially affected by
the least alteration in the force of the fire, instead of maintaining that perma-
nence of temperature which is so peculiarly the characteristic of the hot-water
apparatus with large pipes.



184 TEMPERATURE OF THE PIPES.

safety ; for whatever is the temperature, and, consequently,
the pressure in the coil, must be the pressure on any other
part of the apparatus; for by the law of equal pressures of
flnids, an increased pressure at one part will generate an
equally inereased pressure at every other part of the system.

A very elegant method of ascertaining the temperatare of
a heated surface of iron or steel consists in filing it bright,
and then noting the colour of the thin film of oxide which
forms thereon.®* My, Hood states, that 1n some apparatus,
if that part of the pipe which is immediately above the fur-
nace be filed bright, the iron will become of a straw colour,
showing a temperature of about 450°. In other instances it
will become purple = about 530°, and in some cases of a full
blue colour = 560. Now, as there is always steam in some
part of the apparatus, the pressure can be calculated from the
temperature,and a temperature of 450° = a pressure of 420 lbs,
on the square inch; 530° = 900 lbs.; and 660° = 1,150 lbs.
per square inch. -

Although these pipes are proved, at a pressure of nearly
3,000 Ibs. per square inch, and the force required to break a
wrought-iron pipe of 1 inch external, and half an inch internal
diameter, requires 8,822 lbs. per square inch on the internal
diameter, yet these calculations are taken for the cold metal.
By exposing iron to long-continued heat, it loses its fibrous
texture, and acquires a ecrystalline character, whereby its
tenacity and cohesive strength are greatly weakened.

In order to make this apparatus safe, Mr. Hood suggests
that, instead of hermetically sealing the expansion pipe, it
should be furnished with a valve, so contrived as to press with
a weight of 135 1bs. on the square inch. This would prevent
the temperature from rising above 350° in any part. The
pressure would then be nine atmospheres, which is a limit
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more than sufficient for any working apparatns where safety
is of importance.

But, supposing the apparatus were to burst in any part, the
effects would by no means resemble those which accompany
the explosion of a steam boiler. One of the pipes would pro-
bably erack, and the water, under high pressure, escaping in
a jet, a portion of it would be instantly converted into steam,
while that which remained as water would sink to 212° This
would have the effect of scalding water under ordinary circum-
stances, but the high pressure steam would not scald, because
its capacity for latent heat is greatly increased by its rapid
expansion, on being suddenly liberated, so that, instead of im-
parting heat, it abstracts heat from surronnding objects. The
only real danger that would be likely to ensue would be from
the jet of hot water, and this must, in any case, be of trifling
amount,

CHAPTER IV.

FURTHER DETAILS ON WARMING BY MEANS OF THE OTEN
FIRE-PLACE,

TrE first edition of this work, published in 1850, describes
the various methods of warming buildings by means of the
open fire-place, the close stove, hot-air apparatus, steam and
Lot water, and examples of each method, were given to
illustrate the principles involved in the wvarious methods.
Similar details are given in this new edition, although in
some cases they are expressed a little more fully. We
reserve for the present chapter a notice of the Repoxt of the
Commissioners appointed by the House of Commons to
inquire into the best practical method of warming and venti-
lating dwelling-houses.* There is no new principle involved

¥ The commissioners were Messrs, Fairbairn, Glaisher, Wheatstone and
Playfair; J. S. Campbell was secretary. The commission was appointed in
May, 1856, The report, which was made to the General Board of Health,
was ordered to be printed 25th of August, 1857. It was not signed by Dr.
Playfair, on account of his appointment as Professor of Chemistry in the
University of Edinburgh preventing him from attending to the work of the
commission,
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in this Report; but as it is quite impossible that such men as
the commissioners should touch any subject without throwing
new light upon it, we have felt it to be our duty to state
briefly a few of their results respecting the warming of
dwellings by means of the open fire-place, this being the
only method that it was deemed desirable to inquire into,
seeing that the habits of the people are not likely to adapt
themselves to any other so long as coal is abundant.

The first point that attracted the attention of the commis-
sioners was the imperfect mode in which coal is burnt in an
ordinary fire-place, the result being a large amount of smoke
and soot, which taints the air, clogs the organs of respiration,
soils our furniture, and shortens the duration of daylight by
arresting a portion of the sun’s rays. This expensive nuisance
may be got rid of by methods more or less simple of con-
structing the grate and feeding the fire. In 1785 James
Watt took out a patent for the prevention of smoke in fur-
naces, the principle of which was to supply the fire from
above, downwards, by means of a reservoir of fuel in contact
with the ignited mass. Combustion was supported by a
strong lateral current of air passing through the fire into a
flue on the other side, aided by a slight downward eurrent
through or beside the fuel, which descends by its own weight
as the fire consumes. A separate fire is maintained near the
entrance to the flue through which the smoke of the first fire
passed and was effectually consumed.

These principles have been applied by various patentees
for improvements in the structure of the open fire-place, as
in Cutler's contrivance, described at p. 115. A year after
Cutler’s patent (1816), Deakin attached a metal box containing
coal for one day's consumption to the back part of the fire-
place, and as fuel was required it was drawn forward into
the grate by means of a screw, and in this way, by supplying
the coal horizontally, the smoke was nearly all consumed. In
the same year Hawkins patented a feeding shovel for supplying
coal to the fire at the bottom. The shovel had a cover so as
to form a sort of box or pan, and in the handle was a sliding
rod connected with a piston, by pressing which the coals
were thrust into the fire. In 1825 Atkins supplied ccals
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from the back, the bottom of the fuel chamber being made to
slope at a sharp angle towards an opening at the back of the
grate. In 1846 Tillett patented an arrangement of Cutler’s
feeding apparatus, by which time Dr. Arnott had perfected
his smokeless fire-place, p. 116, which, although not patented,
has been made the subject of subsequent patents. In Jeake’s
patent, in 1854, the front of the fuel box and the bars of
the grate are made in one, and move together in a sliding
frame, the object being to bring the fire down upon the fuel
below instead of the fuel being raised upwards. In this way
the fire, by being gradually lowered, admits air to the fuel,
which is thus gradually consumed, and the fire-grate, which
may be of average height in the morning, exhibits only a
low fire in the evening, when the supply in the fuel box is
exhausted. In 1854, also, Rawe forced the coals in small
supplies into the lower part of the fire through a fuel pipe
which connects the bottom grating of the fire-place with a
gide reservoir of fuel, the poker being used as a lever for
introducing a fresh supply.* In 1854 a patent was taken
out by Bachhoffner for getting rid of the smoke of one fire
by passing it through the incandescent coke or anthracite of
an upper or supplementary fire; or instead of having two
separate kinds of fuel, the coals in the lower grate, when
sufficiently coked, may be lifted with a shovel into the npper
grate, and fresh coals added below. Leighton, in 1856, sur-
rounded the sides and back of a fire-grate with a fuel
chamber, the fuel being brought forward by the poker as
required. A bright clear fire is thus produced from the coal
undergoing a process of distillation previous to its applica-
tion, the coal of one day becoming the coke of the next., In
Hoole’s patent a double circular register is introduced, con-
sisting of two plates arranged above each other, the spaces of

# I have adopted a method which, rude and imperfect as it is, has some
advantages in economising fuel, burning much of the smoke, and getting rid
of the nuisance of a smoky room in windy weather. The grate of my study
has a false bottom, and my plan is to shovel the coals into the unoccupied
space between it and the real bottom. The volatile products thus distil into
the fire above and are consumed. The live cinders may be transferred from
time to time to the top, or cinders of the previous day’s kitchen fire be added,
and fresh coals put in below. In this way the fire gives out more heat,
requires less attention, and consumes the greater part of the smoke,
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the one opposing the solid parts of the other. One of the
[rames is made movable, so that the openings may Dbe
diminished or closed by means of a screw in front of the fire-
place. In Owen’s patent nearly all the parts of the fire-place
which come into immediate contact with the fire are cast in
one piece, including also the hearth-place, for the purpose of
obtaining heat from the radiation from, and the conduction
of, metal surfaces. In this, as in the former patent, double
grates are introduced between the fire and the fuel box below,
for the advantage of an under-current of air; but this plan
requires the removal of the double grating when it is required
to wind up fresh fuel.

A second class of smoke-consuming fire-places is based
upon Franklin's fire cage (described at p. 99, Fig. 29). The
commissioners think that, although good in principle, the
form of these rotatory grates differs from the ordinary fire-
grates sufficiently to create a prejudice against their general
adoption.  Moreover, much heat is lost which might be
obtained by conduction, the grate being in a measure isolated
and turning on an axis by means of a lever or small winch
between the cheeks of the fire-place. There is no doubt,
however, as to the smoke-consuming capabilities of the
arrangement, especially as the skeleton ecylinder admits of
being separated into compartments by means of a longitudinal
dividing plate, so that the fuel may be thrown into the
cylinder at the back of this dividing plate, when, by turning
the frame, the fresh fuel may be driven under that which is
already incandescent.

A third class of inventions is for the prevention of smoke
by means of a downward current. We have already given
examples of this kind. (See-p. 87, Fig. 19; p. 137, Fig. 47«
and p. 139, Fig. 48.) The downward current is intended to
consume or rather to prevent the formation of smoke ; but it
1s suggested in the Report that the chief difficulty “must have
consisted in obtaining the due supply of atmospheric air in
quantities equivalent to the amount of gas generated in the
fire, a difficulty not inconsiderable when the coals are supplied
as ordinarily put on by hand from time to time, and in irre-
gular quantities.” There are two patents, one by William-
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son, in 1855, and the other by Marsh, in 1856, the principle
being to have a flue at the back of the fire-grate communi-
cating above with the chimney. The fire is lighted in the
usual way, and when an upward current is established in the
chimney, access to it is closed by a damper, while a valve in
the flue being opened, the products of combustion pass down
into the flue and so into the chimney; after this the fire is
fed with coals in the usual way.

Another class of contrivances for consuming smoke gene-
rated in an open fire-place is by means of hot-air chambers
above. Thus Olding, in 1854, constructed a triangular
chamber, the vertical side being formed by the back of the
fire-place, and the other two sides by registers, one inclining
from an aperture in the chimney downwards, and the other,
from about the same spot, upwards. The three sides of the
triangle are slightly separated, so that the smoke, heated
air, &e., pass into the chamber where the smoke is con-
sumed, while the gaseous produects escape into the chimney.
Arrangements of this kind are not very satisfactory, since
it is more desirable to produce perfect combustion without
visible waste products, than to seek to get rid of these
products by an after process.

Another form of fire-grate for preventing or mitigating
the quantity of smoke is by deflecting hot air downwards,
and by directing cold air into and throngh the fire. Thus
Stevens, in 1853, placed a deflecting plate at the back of the
grate, shelving down towards the fire, for deflecting over it a
current of warm air, supplied to it by side flues and through
passages underneath and about the grate. The air so heated
is distributed over the fire downwards, and assists in the
combustion of the smoke. Leslie’s fire-grate is situated very
near the floor of the room. It communicates directly with
the external air by two pipes an inch in diameter on either
gide of the fire-grate in front. We have already seen (p. 84)
that this method, which we believe to be quite sound, was
contrived by Sir John Winter in 1658, and forms a prominent
feature in Gauger’s fire-places (p. 88).

Variations in the form or construction of the register is the
subject of numerous patents. VWe have already seen in Count
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Rumford’s contrivances (p. 112), and in much earlier inven-
tions (p. 84, note), how important the register is in preserving
the warmth of the room by preventing the hot air from
ascending freely into the chimmney, and if arranged so as to
admit of regulation, of diminishing the maximum draft to the
required minimum. Kdwards, in 1804, closed the top of the
stove-grate with two inclined metal plates forming a kind of
pointed roof, but leaving a narrow aperture for the passage of
the smoke. Slate, in 1850, inclined the register plates, con-
trary to the usual method, from the front to the back of the
chimney, that its action might be increased by inner cheeks
to the fire-place, to be drawn forward from the sides for an
increased draught. A good form of register is that attached
to Arnott’s smokeless fire-place (Fig. 33), a similar form to
which was made the subject of a patent in 1854, affording
one out of innumerable arguments for an entire change in
our patent law system. In 1855, Vasnier patented a register
plate, extending from the back to the front, containing an
opening, supported by racks at any desired elevation,

In connection with the use of the register may be men-
tioned contrivances for economising and utilising the heat by
returning warm air into the apartment. This idea has been
so abundantly illustrated in the case of Gauger’s fire-places
and Franklin’s Pennsylvanian fire-place (p. 97, Fig. 28), as
hardly to require further illustration. (See also Lloyd’s
arrangement, p. 125, Figs. 37, 38.) Under this head may be
mentioned the fire-grate proposed by Professor Hosking in
1851, by which the fire of a room should fulfil the conditions
required for ventilation. The commissioners object to this
method of making one contrivance do the work of two, on
the ground that the apartment will be inadequately warmed.
In Hosking’s arrangement ¢ the fire-grate is set so as to allow
a space between itself and the brickwork setting, and is closed
at the top by an iron plate, open only for the register flap or
valve over the fire itself.” External air is admitted to the
closed chambers by a pipe in communication with the outer
air, and 1is directed, in any way most convenient, under the
hearth in front, and so to and under the hearth at the back,
in which sufficient holes are made to allow of the air entering
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by the tube or chanmnel to rise into the chamber about the
fire-box or grate. Openings of any desirable form may be
made through the cheeks of the grate into the air chambers
at the level of the hearth. “ An upright metal plate set up
behind the openings in the cheeks of the grate, but clear of
them, bends the current of warm air in its passage through
the inlet holes, and thus compels the fire to allow what is not
necessary to it to pass into the room ; and if the opening over
the fire to the flue be reduced to the real want of the fire, there
will remain a considerable supply of tempered air, waiting only
an inducement to enter, for the use of the inmates of the
apartment. An opening directly from the room into the flue
upon which the fire is acting at a high level in the apartment
will afford this inducement, by allowing the draught in the flue
to act upon the heated and spent air under the ceiling,* and to
draw it off, thus inducing a flow of the fresh and tempered
air from about the body of the grate into the room."”

A deseription of a cottager’s stove, which seems to be well
arranged, is given at p. 127, Fligs. 42, 43. A smoke-consuming
stove has been contrived by Edwards for the working classes,
and is adapted for cooking, &ec., as in the cottager’s stove. It
is said to consume only 14 lbs. of coal in from twelve to four-
teen hours, at a cost of about twopence. The grate has a fire-
clay brick back and sides. It can be easily fixed. There is
no ash-pit, and the cost is 20s., exclusive of fixing. Fire-clay
lumps are used in the sides and back of a grate by Pierce,
with an air chamber around them communicating with the
outer air, which, being gently warmed, is let into the room.
Valves are placed for regulating the supply of air.

Grates have been also contrived for economising fuel and
heat by combining reflection from solid surfaces with eondue-
tion and radiation. Such grates are usually costly, require
a considerable area for their accommodation, and much
cleaning and attention to preserve the polish unimpaired.
They are mostly adapted for large rooms, and have a bright,
cheerful appearance from the divergent and inclined metal
gurfaces reflecting the brilliancy and warmth of the fire.

As early as 1795 a patent was taken out for a removable

* On this subject see, however, the experiments deseribed at p. 210.
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reflector, and in 1805 polished metal reflectors were placed on
each side of the fire-place, to be turned at any angle, to reflect
the heat of the fire into the room. In 1816 the fire-grate was
enclosed in a hollow metal globe opening in front of the grate.
In 1852 the hearth, cheeks, and faces of the grate were made
of polished steel. In the same year there was a patent, No.
552, for a hearth of radiating metal bars in a double set,
made slightly convex. In the same year, No. 1,015, the lower
part of the fire-place is filled with a metal apron of open work
to increase heat by radiation. Jobson’s method has already
been mentioned (p.126). In the same year a grate was
formed with a metallic surface extending from the bars (which
were vertical and inclining inwards) into the room, and so,
becoming heated, radiated around. In Mr. Sylvester’s inven-
tion “ the hearth is formed of a framework of hollow radiating
metal bars, diverging and fan-like in arrangement, upon the
furthest end of which the burning fuel is supported. The air
for combustion passes through the hollow bars to the fire,
which also derives a supply in front in the usual way. The
ends of the bars on which the fuel rests become intensely
hot. The remaining portion or hearth from conduection
becomes likewise heated, and radiates its warmth around.
The fire, being situated upon the hearth, allows the greatest
possible length of surface to the cheeks or sides of the stove,
which are of polished metal, and contribute greatly to the
amount of heat afforded by radiation. The smoke escapes
through the apertures of a kind of louvre at the back, and the
ashes pass between the bars into a receptacle beneath.”

The commissioners also examined a number of open fire-
grate stoves. They refer to one under the date 1781, which
bears some resemblance to the stove-grate or chapelle deseribed
at p. 142; but furnished with a double back or air chamber,
into which air is conducted from some external source, and
passing upwards in a tortuous direction, becomes tempered,
and is permitted to pass out into the apartment through
apertures in the side of the air chamber. This invention is
referred to in the Report as being “of interest, as combining at a
very early period sound principles of construction, and seeming
to be the original of its class;” whereas it is only one of the
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numerous variations of Gauger’s invention and Franklin's
Pennsylvanian stove. Indeed, from the deseription, it would
seem to be identical with Gauger's figure, which we have
copied (p. 92, Fig. 24). In Sharp’s patent, in 1781, says the
report, ‘“the air chamber is fitted with three rows of hori-
zontal shelves : the centre row open to the sides; the two side
rows, one on each side, open to the centre ; the air, therefore,
which enters from below, is compelled to follow a zig-zag
or tortuous direction until it passes out at the apertures in
the side. The intention is to delay the air in its passage up
through the chamber, and bring it in contact with a series of
heated surfaces, from which to derive an increase of heat.” A
somewhat similar arrangement was patented in 1855, and
again, in 1856, in Witler's patent, one of the advantages
of whieh is, that the interior of the metal facing and the back
of the grate are lined with fire-bricks; but this is no new
contrivance, for it will be seen by reference to page 142 that
the parts of the chapelle in contact with the fuel were improved
by being lined with tiles of fire-clay.

A fire-grate in use at the London Hospital has its back
composed of fire-bricks, behind which is an iron lining, and
behind the lining a chamber communicating with the outer
air, by which means a supply of warm and pure air is distri-
buted within the ward in which the fire-place is situated.

Various minor arrangements are noted, such as the method
of clearing the grate of its contents before lighting, in order
to avoid dust. Indeed, the usual method of raking out the
fire has often struck me as being about as sensible as brushing
a nailed-down carpet, so as to transfer all its dust from
the floor to the furniture. To prevent the clouds of dust
from the fire-grate, the grate has been made to turn upon a
pivot, and discharge its contents over a chamber at the back
covered with a sloping grating, through which the dust and
ashes pass while the cinders roll back into the grate. The
chamber communicates with an ash-drawer beneath. The
grate has also been made movable, so that it may be carried
out of the room to be cleaned and made ready for lighting,
but in this way much of the heat from condnction is lost. A
movable tray of net-work or perforated metal has been placed

K
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between the bottom of the fire-grate and the level of the
hearth. A series of inclined metal bars is placed between the
grate and the separator, movable on pivots, to be turned at
any angle to reflect back the heat. Many contrivances have
also been made for concealing and removing the waste fuel
and ashes below. In 1735 a space below the fire-grate is
enclosed for the reception of the ashes, which could thus be
carried away by pulling out a drawer in front. A receptacle
has also been formed within the hearth, covered with a
movable metal plate of open work, through which the ashes
fall. The grate has also been placed on a hollow basement of
metal, or stone, or marble, within which is the ash-drawer.
In this arrangement a fender is not wanted, as is the case
where a radiating hearth-plate is used, the cinders falling to
a lower level between the spaces of the bars; an ash-drawer
may also be placed below the bar. A movable tray or sifter
of wire-work has also been fitted inside a shallow ash-pan.
On the movable tray a series of thin metal strips were arranged
similar to louvre boards to serve as heat reflectors and to hide
the cinders. These metal strips may be brought close
together to prevent the escape of dust while sifting the ashes
into the pan; the cinders may then be returned to the fire,
and the apparatus re-arranged without much trouble.

Every one must have felt the inconvenience of the common
method of putting out a fire by taking off the fuel with the
tongs or shovel. As long ago as 1805 there was a patent for
a metal case for putting over the fire and extinguishing it
without dust or waste of fuel, or by a vertical screen pulled
down from above or drawn forward from the sides. This
patent curfew was revived in 1854, a movable shutter being
made to draw down and exclude the air ; but that it should
be made the subject of a patent is remarkable. The movable
shutter, when made to act the part either of an extinguisher
or blower, embodies an ingenious idea more worthy of a
patent. Thus Sherringham, in 1853, had a blower in front
of the fire-place to regulate the dranght according to the
height at which it was adjusted above the fire, or when raised
in front of the grate to form a protection against accidental
fires, or in conjunction with a second screen when brought
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in contact the fire soon becomes extinguished, and when
partly separated maintains a slow combustion.

The subject of fire-guards deserves attention. The port-
able wire-work gunard, which is always either in or out of the
way, is troublesome ; but if made to form part of the fire-
place, as was done in 1802, we ge% a useful contrivance.
Two circular pieces of wire-work, one on each side of the fire-
place, were made to draw out and to meet in front, so as to
enclose the fire within an efficient and easily removable screen.

The Commission were not able to bestow much attention
on close stoves, but they insist on the objection in their action
in drying the air to an uncomfortable or even injurious
degree, while they have little or none of the action of an open
fire-place in promoting the ventilation of an apartment. With
respect to the moisture of the air, it is stated to be * abso-
lutely necessary that water be present in the air to the
amount of little less than 3 grains at 50°, to 4 grains nearly
at 60° and to more than 5 grains at 70°% in every cubic foot
of air. The wet and dry bulb thermometer furnishes a
measure of the amount of water present in the air, and the
above amounts will be present when the wet bulb thermo-
meter reads about 45°, 54°, and 63° respectively, and the
simultaneous readings of the dry bulb thermometer are 507,
60°, and TO° respectively. It is, therefore, evident that the
dry and wet bulb thermometer should be attendant on the
use of the stove as applied to apartments. The instrument is
simple in its construction, inexpensive, and involves no diffi-
culty in its management.” We shall return to this subject
when we come to speak of the conditions required for efficient
ventilation (see p. 207).

The objection to metal stoves that they burn the air has
been endeavoured to be met by substituting pottery-ware for
metal. A stove of this kind by Rammell, patented in 1854,
for burning anthracite, has a downward draught passing
through the fire into the hollow stone below containing the
ash-pit, from which the exit flue passes into the chimney.
The mass of fire-bricks which surrounds the ash-pit and forms
the base or stand, is traversed by numerous air passages,

through which air rises, is heated, and passes into the apart-
E 2
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ment. The danger with stoves that stand away from the
fire-place and burn with a downward draught, is, that some of
the products of combustion may be constantly welling into
the apartment, to the prejudice of its occeupants.

The commissioners insist upon the necessity of keeping the
floor of the room at a comparatively high temperature, in
order that the feet may not be constantly in a cold air bath,
such as must necessarily be the case in our present chance
arrangements for supplying air to the fire; and they find
naturally that the floor of that room was the warmest in
which an air channel was led from the outer air to supply the
fire with oxygen, and the temperature of that room was the
most equable throughout. The commissioners also recom-
mend that the chimney flue should not be more than 9 inches
~in diameter at the widest part, nor be situated in the outer
wall, so as to become chilled by contact with the external air.
They suggest that every flue should be provided with a
closing apparatus; that the aperture for the escape of the
smoke shounld be placed at the back of the fire to increase the
intensity of combustion and promote the radiation of heat;
that firebrick linings to the grate should be in general use as
well as reflecting surfaces, to direct and increase the amount
of radiant heat into the room ; that sunk ash-pits and con-
cealed ash-pans be used to prevent the escape of dust; that
the fire should not be on a level with the floor ; that, as a
rule, the fire-grate is best situated which may be seen from the
greatest number of points in the room ; that a good frontage
of fire surface should be exposed, without, however, requiring
any corresponding increase in the depth of the grate from
back to front; that those arrangements be used which pre-
vent the formation of smoke ; that the fire-grate be studied
with a view to produce a better and more economical con-
sumption of fuel, and the more equable distribution of heat,
but not as a contrivance for the ventilation of rooms—the
Commission being of opinion that so long as the fire-grate is
studied with a view to this two-fold application, it will not
succeed well in the performance of either.

We cannot conclude this part of our subject without
describing the fire-grate recommended by the Commission
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appointed for Improving the Sanitary Condition of Barracks
and Hospitals. There is nothing new in its construction, but
it appears to be made up from a judicious selection of the
best features of old inventions already deseribed. The grate
is placed as much forward in the room as possible; the part in
which the fire is contained is of fire-brick ; the bottom being
partly solid checks the consumption of fael. A supply of
air is admitted from behind the grate, and is thrown on the
top of the fire to assist in preventing the smoke; the sides
are splayed so as to throw the heat by radiation as much as
possible into the room ; the opening into the chimney has no
register; there is a chamber behind the grate into which air
is brought from the outer air and warmed by the large
heating surface of the back of the grate, increased by flanges,
and after being heated to from 56° to T0O° Fahr., the air
passes into the room by a shaft cut out of the wall which ter-
minates in a louvred opening placed out of reach, or a shaft
of sheet iron may be fixed to the wall to serve the same pur-
pose (see p. 224, Fig. 92). In the accompanying figures the
fire-lump lining of the grate is shown by the shaded portion ;
the back lump has grooves in it terminating in holes just at
the bottom of the splay, which form air channels for admitting
air at the back over the fire. The hearth is made of a plate
of cast-iron. The grates are of three sizes, according to the
cubic contents of the room. A grate with a fire opening of 1
foot 3 inches is for a room of not more than 3,600 eubic feet of
contents ; a grate with 1 foot § inches of opening is for rooms
between 3,600 and 7,800 cubic feet; a grate with 1 foot 9
inches opening is for rooms up to 12,000 cubic feet; above
which capacity two grates will be required. Fig. 77 shows
the ordinary fire-place, with the method of setting the
stove and forming the air chamber. The contrivance for
admitting the external air into this chamber will depend
on circumstances. If the fire-place be built in an external
wall the openings for fresh air may be made in the back, but
if in an internal wall the channel from the ountside may be
either between the flooring of the room and the ceiling joists
of the room below, or in the spaces between the joists, or by
a tube or hollow beam carried below the ceiling of the room
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below. These horizontal ducts should contain 1 square inch
of sectional area for every 100 cubic feet of room space ; the
grating covering the opening to the outer air should not be
larger in total area than the flue, so that the clear area
through the grating would be only half that of the flue. If
the shaft is of great length the sectional area should be
rather more, but if communicating directly with the outer
air the sectional area should be rather less than that recom-
mended. Care should be taken to draw the supply of air
from a point where there are no nuisances, such as gully
heads, gutters, &e., and that it be taken as high above the
ground as possible. From the air chamber at the back of
the fire-place the air is conducted into the room by a shaft
(sce Fig. 92), and through a louvred opening placed near the
ceiling ; the clear area through the louvre being made much
larger than the area of the shaft, the louvre being bevelled
upwarde so as to cause the air to impunge against the ceiling,
to prevent a cold draught being felt when the fire is not

lighted.
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CHAPTER 1.
ON THE GENERAL PRINCIPLES OF VENTILATION.

Reauvmur remarks, “ Ce que la Nature apprend est seu de
bonne heure,” and as Nature is the best, as well as the earliest
teacher, the first example in the history of ventilation may
be taken from the lower animals; and it would seem that
a more difficult, or, apparently, more hopeless problem, does
not exist in our rooms and crowded assemblies, our mines
and ships, than in the case about to be proposed.

Imagine a dome-shaped building, perfectly air-tight, except
through a small hole at the bottom, capable of containing
thirty or forty thousand animals, full of life and aectivity
every portion of the enclosed space that can be spared being
filled with curious machinery—the problem is, how to warm
and ventilate such a space, so as to maintain a proper tempe-
rature, and yet to give to every individual within it a proper
supply of air.

Now, this is the condition of a common bee-hive, and
if, with all our machines, and contrivances, and scientific
resources, the combined operation of warming and ventilating
a room be difficult or unsatisfactory, how infinitely more so
must be that of a small bee-hive, crowded with bees, the
greater part of the interior filled up with combs of waxen
cells, and only one small opening for the ingress and egress of
the inhabitants, or for the escape of foul air and the entrance
of fresh.

In a common hive, there is absolutely no other door or
window, or opening, than this small entrance hole; for, on
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taking possession of a new hive, the bees stop up all the
cracks and chinks with a resinous substance named propolis,
for the purpose of keeping out insect depredators; and the
proprietor, with the same object, generally plasters the hive
to the stool, and, in order to keep off the rain, covers it with
a heavy straw cap, or turns a large pan over it.

It must not be supposed that, because the vitality of insects
is greater than that of warm-blooded animals, bees are not
affected by the same agencies which affect us, for they are so,
and in a similar manner : they fall down apparently dead if
confined in a close vessel ; they perish in gases which destroy
us; they perspire and faint with too much heat; and are
frozen to death by exposure to too much cold.

Huber introduced some bees into the receiver of an air-
pump. They bore a considerable rarefaction of the air with-
out any apparent injury; on carrying it further they fell
down motionless, but revived on exposure to the air. In
another experiment, three glass vessels, of the capacity of
sixteen fluid ounces, were taken; 250 worker bees were
introduced into one, the same number into another, and 150
males into the third. The first and the third were shut close,
and the second was only partially closed. In a quarter of an
hour, the workers in the close vessel became uneasy; they
breathed with difficulty, perspired copiously, and licked the
moisture from the sides of the vessel. In another quarter of
an hour, they fell down apparently dead. They revived,
however, on exposure to the air. The males were affected
more fatally, for none survived ; but the bees in the vessel
which admitted air did not suffer. On examining the airin the
two close vessels, the oxygen was found to have disappeared,
and to have been replaced by carbonic acid; other bees
introduced into it perished immediately. On adding a small
portion of oxygen gas to it other bees lived in i1t ; but they
became insensible instantly on being plunged into carbonic
acid, but revived on exposure to the air; they perished
in nitrogen and hydrogen gases. Similar experiments, per-
formed with the eggs, the larveae, and the nymphs of bees,
proved the conversion of oxygen into carbonic acid in all
three states, The larvee consumed more oxygen than the
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eggs, and less than the nymphs. Eggs put into foul air lost
their vitality. Larve resisted the pernicious influence of
carbonic acid better than the perfect insect would have done,
but the nymphs died almost instantly therein.

These, and many other analogous experiments, prove that
the respiration of bees has a similar vitiating effect upon a
confined atmosphere, as the respiration of larger animals, and
that bees require constant supplies of fresh air in the same
manner as other living creatures. They also require their
dwelling to be kept moderately cool. When from any cir-
cumstance, such as exposure to the sun, over-crowding, or
the excitement produced by fear, anger, or preparation for
swarming, the temperature of the hive is greatly raised, the
bees evidently suffer. They often perspire so copiously as
to be drenched with moisture ; and on fine summer nights
thousands o f them may be seen hanging out in festoons
and clusters for the purpose of relieving the crowded state of
the hive.

On inquiring into the method adopted by the bees for re-
newing the air of the hive, Huber was struck by the constant
appearance of a number of the workers arranged on each
side of the entrance hole, a little within the hive, incessantly
engaged in vibrating their wings. In order to see what
effect a similar fanning would produce on the air of a glass
receiver containing a lighted taper, M. Senebier advised him
to construct a little artificial ventilator, consisting of eighteen
tin vanes. This was put into a box, on the top of which was
adapted a large cylindrical vessel of the capacity of upwards
of 3,000 cubic inches. A lighted taper, contained in this
vessel, was extinguished in eight minutes; but on restoring
the air and setting the ventilator in motion the taper burnt
brilliantly, and continued to do so as long as the vanes were
kept moving. On holding small pieces of paper, suspended
by threads, before the aperture, the existence of two currents
of air became evident ; there was a current of hot air rushing
out, and at the same time a current of cold air passing in.
On holding little bits of paper or cotton near the hole of
the hive a similar effect was produced; they were impelled
towards the entrance by the in-going current, and when

K 3
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they encountered the out-going current they were repelled
with equal rapidity.*

These two currents are established in the hive by the fan-
ning motion of the bees’ wings. The worker bees perform
the office of ventilators, and the number at one time varies
from eight or ten to twenty or thirly, according to the state
of the hive and the heat of the weather, I have frequently
watched their proceedings with interest. They station them-
selves in files, just within the entrance of the hive, with their
heads towards the entrance, while another and a larger party
stand a considerable way within the hive, with their heads
also towards the entrance. They plant their feet as firmly as
possible on the floor of the hive, stretching forward the first
pair of legs, extending the second pair to the right and left,
while the third, being placed near together, are kept perpen-
dicular to the abdomen, so as to give that part a considerable
elevation, then uniting the two wings of each side by means
of the small marginal hooks with which they are provided, so
as to make them present as large a surface as possible to the
air, they vibrate them with such rapidity that they become
almost invisible. The two sets of ventilators, standing with
their heads opposed to each other, thus produce a complete
circulation of the air of the hive, and keep down the tempera-
ture to that point which is fitted to the nature of the animal.
When a higher temperature is required at one particular
spot, as, for example, on the combs containing the young
brood, the nurse bees place themselves over the cells, and by
increasing the rapidity of their respirations, produce a large
amount of animal heat just where it is wanted. The carbonic
acid and other products of respiration are got rid of by
ventilation.

The laborious task of ventilating the hive is seldom or never
intermitted in the common form of hive, either by day or by
night, during summer. There are separate gangs of venti-

# I have repeated this experiment more than once. The bees are evidently
annoved by it, and a bee will seize hold of the little bit of paper, fly away
with it for a few feet, and then drop it. This was done several times before
the bee became aware of the thread that suspended it. The bee then traced
the thread to my hand, and proceeded to attack me, when I yielded to the
Lrave little fellow, and ceased to annoy the hive.
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lators, each gang being on duty for about half an hour. In
winter, when the bees are quiet, and their respiration only
just sufficient to maintain vitality, the ventilating process is
not carried on; but by gently tapping on the hive, its
inmates wake up, increase the number of their respirations,
and consequently the temperature of the hive, to such a
degree, that the air becomes intolerably hot and vitiated. To
remedy this a number of worker bees go to the entrance of
the hive, and begin to ventilate the interior as laboriously as
in summer, although the open air be too cold for them to
venture out.

Bearing in mind the details given in the Introduction,
and the conclusion arrived at (p. 10) that the animal frame
is a true apparatus for combustion, we can understand how
bees regulate the temperature of their hive : when greater
heat is wanted they increase the rapidity of their respirations,
or, in other words, they burn more carbon ; but they get rid
of the products of combustion, and also prevent the heat from
accumulating by the process of ventilation. Bees in general
maintain a temperature of 10° or 15° above that of the ex-
ternal air; but at certain periods this temperature is greatly
increased. Mr. Newport observed in the month of June,
when the atmosphere was at 56° or 58°, that the temperature
of the hive was 96° or 98° This high temperature arose from
the nurse bees incubating on the combs, and voluntarily in-
creasing their heat by means of increased respiration. In
winter, on the contrary, when only just sufficient heat is
required to maintain vitality, less carbon is burnt, and the
temperature of the hive is accordingly low. In one observa-
tion by Mr. Newport at 7.15 A.xr., on the 2nd January, 1836,
when there was a clear intense frost, and the thermometer in
the open air stood a little above 17°, a thermometer perma-
nently fixed in the hive marked a temperature of 30°, or two
degrees below the freezing point. The bees were roused by
tapping on the hive, and in the course of sixteen minutes the
thermometer rose to 70° or 53° above the temperature of the
external air. On another oceasion, when the temperature of
the hive had to be raised to about 70° the external air being
at 40°, the bees soon cooled it down to 57° by their mode of
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ventilation, and kept it at that point as long as the hive con-
tinued to be excited.

By this process of ventilation also bees get rid of noxious
odours in the hive. Huber found that on introducing into
the hive some penetrating vapour disagreeable to the bees,
they always increased the amount of ventilation until they
got rid of it. Humble-bees adopt the same method of dis-
pelling pernicious odours; but it is remarkable that neither
their males, nor those of domestic bees, seem capable of using
their wings as ventilators. ¢ Ventilation is, therefore,” says
Huber, “one of the industrial operations peculiar to the
workers. The Author of Nature, in assigning a dwelling to
those ingects where the air can hardly penetrate, bestows the
means of averting the fatal effects which might result from the
vitiation of their atmosphere. Perhaps the bee is the only
creature entrusted with so important a function, and which
indicates snch delicacy in its organisation.”

The circumstances under which our rooms are placed, are
more favourable to ventilation than the bee-hive. Whether
the ventilation be left to chance, or whether any special
apparatus be erected for the purpose, the foul air must be got
rid of, and fresh air, adapted to the purposes of respiration,
admitted in sufficient quantity, that is, at the rate of about
15 or 20 cubic feet per minute for each individual in the
room.* We have seen in the Introduction that it is by the
amount of impurity introduced into the air by respiration and
combustion, and not by the diminution of oxygen, that air is
to be judged of as to its healthy or unhealthy condition. We
have seen also (p. 13) that the quantity of carbonic acid
expired by human beings varies with the age, sex, state of
body, and sleeping or waking condition of the individual.
The average quantity may be taken at 537°5 grains per head
per hour corresponding to 1,0295 cubic inches, at 32° and
30 inches pressure. The highest average for an adult man
per hour is 1,208 cubic inches. Wax, tallow, and oil pro-
duce in burning about 200 per cent. of their weight of car-
bonic acid, or by burning 2 lbs. of stearine in 1,800 cubie

* Tt is remarkable how this number fluctnates in the writings of different
authorities, as will be seen further on (see p. 214).
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feet of air, the quantity of carbonie acid would amount to four
per cent. of the total volume, producing air as impure as if it
had passed through the lungs. There is also another source
of impurity arising from the imperfect combustion of our
lamps and candles, Perfect combustion produces from the
carbon of the illuminating material and the oxygen of the
air, carbonic acid, consisting of 1 equivalent of carbon and
2 equivalents of oxygen. Imperfect combustion produces
carbonic oxide = 1 eq. of oxygen 4 1 eq. of carbon. Car-
bonic acid is a heavy gas at ordinary temperatures, and will
not support combustion or respiration, nor will it burn itself.
Carbonic oxide is a comparatively light gas, and will not sup-
port combustion or respiration, but is itself inflammable,
burning with a lambent blueish flame, as may be sometimes
seen on the surface of smouldering ecoals in our grates.
Both carbonie acid and carbonic oxide are poisonous, but the
latter is more so than the former ; one per cent. of carbonic
oxide in the air being fatal to life, while from four to five per
cent. of carbonie acid will allow respiration to be carried on,
though with difficulty; and even with much larger proportions
of carbonic acid the air may be breathed for a short time.
Taking it for granted that the carbonic acid and ecarbonic
oxide generated by the burning fuel in the grate are got rid
of by the chimney shaft, and that there are no poisonous
gases from sewers, &e., t]:ue question is, first, what amount of
carbonic acid in the air of the room is injurious. The
average amount of carbonic acid in the open air is only 4
parts in 10,000 ; it is, of course, much larger than this in the
open air of cities and densely crowded districts, and probably
larger still in every room and enclosed space where people
are collected and lights are burning. No system of ventila-
tion will probably ever succeed in making the air of a room
as healthy as the outer air, where Nature disposes of the
waste products of respiration and combustion in the maunner
already alluded to (p.11), in building up vegetation: the
' rain and waters of the earth also absorb much of the car-
bonic acid and sulphurous acid which contaminate the air, in
consequence of the great solubility of those gases. Writers
are not agreed as to the minimum proportion of carbonic acid
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in the air that is injurious ; some say 1 per cent. ; others only
4 per cent., but either proportion is greatly in excess of the
4 parts in 10,000, which we find in the air of a healthy country
district. Chemists judge of the deterioration of the air by the
amount of the carbonic acid detected in it (see p. 15 ante);
they have no means of estimating the animal effluvia, referred
to by Dr. Faraday (p. 20 ante); but it may be taken for
granted that the air of any room or hall, or public building,
that affects our senses unpleasantly, must be unhealthy.*

A good system of ventilation must reduce the propor-
tion of carbonic acid in the air as much as possible without
producing other inconveniences, such as draughts to the
head, cold baths for the feet, or any considerable lowering
of temperature. On the contrary, it must not only produce
pure air from without, but must also maintain that air at an
equable mean temperature by one or other of the methods
deseribed in Part I. A good system of ventilation, more-
over, must adjust the proper equilibrinm between the air and
the dissolved aqueous vapour, since there is no doubt that
one of the sources of mischief in a badly ventilated room
arises from the presence of too large or too small a quantity
of moisture,

‘When air contains as much vapour as it can hold at a given
temperature it is said to be saturated. The average amount
of aqueous vapour contained in the open air in this country

# Professor Roscoe has determined the amount of the earbonic aecid in the
air of various localities, as shown in the following table :—

£0s1n ?}g‘gﬁyﬂg; No. of F?E Df:::'m Sit%'r:&ﬁ*
Localities. 1’%':;[}&;.015' enclosed pmfunm head per quantit};";
g gpace. minute. = 1040,
o Dvgl;. cubic ft. 3 cubic ft. 655
pen air . . : — — — .
Wellington barracks | 1:242 7,920 16 133 66-2
Doy S sl S0 1189 T,Qgg ég 130 gg'ﬁ
|7 A 1-418 1,0 — 0
Large schﬂul-runm 2371 22:140 164 6 750
Szhool-room . . .| 3:100 4,640 67 4 740
Cruwdedftheatre—
1. Air from gaHe:ry 3212 .- —_ —
T 2637 | — = - } &0
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throughout the year is about 82 per eent. of the total amount
that it can hold. Hence it has been concluded that the
aqueous vapour of rooms, &e., artificially heated, should not
vary greatly from this amount. In the warming and ven-
tilating arrangement of the House of Lords, Mr. Golds-
worthy Gurney found that an agreeable atmosphere as
regards moisture is obtained when the difference between
the wet and dry bulb thermometers, at a working temperature
of 64°, is more than 3° and less than 9°. This corresponds
to an amount of aqueous vapour varying from 82 to 55 per
cent. on the saturating quantity.

Now the quantity of water exhaled by a man per hour is
about 309 grains. The quantity of air at 60°, half saturated
with aqueous vapour, required to take up this 309 grains so
as to become three-fourths saturated, is about 280 cubic feet,
Hence, in order to effect the proper equilibrium between the
air and the dissolved aqueous vapour, about 221 cubic feet
of air must be given to each individual per hour. This,
of course, refers to the watery vapours only. When this
“exceeds 80 per cent. of the total possible quantity, the
necessary evaporation and diffusion from the lungs and the
pores of the skin is checked ; and when the aqueous vapour
is 50 per cent. the exchange proceeds too rapidly, and un-
pleasant sensations of dryness are experienced.”*

The sources from which a supply of fresh air finds its way
into an apartment may be accidental or special, natural or
artifictal.  All openings not intended for the purpose of
ventilation, such as chimneys, doors, windows, &e., may be
considered as accidental or natural, and we have no precise
information as to the amount of ventilation derived from such
gources ; that is, how much fresh air enters, and spent air
issues, from our windows, doors, and chimneys under given
circumstances. It appears, from some remarkable experi-
ments made by Professor Roscoe (on the suggestion of a Ger-
man chemist), that a certain amount of gaseous diffusion takes
place through brick and mortar walls. A quantity of earbonie
acid was evolved in a room of 2,560 cubic feet capacity;
there was no fire in the grate, the flue was closed, and the

* Roscoe. Report on the Chemical Relations of Ventilation. May, 1857.



208 ESCAPE OF CARBONIC ACID THROUGH WALLS.

four doors and two windows were shut. The carbonie acid
contained in the enclosed air was determined at consecutive
half-hours : at the end of the first half-hour it had diminished
from O'7 to 0'3 per cent. of the total volame of air, although
all direct ventilation was checked. After this the amount of
carbonic acid remained constant, possibly from the continued
respiration of two persons in the room. The exchange of
carbonic acid through closed windows, doors, and walls,
appears from this experiment to be very great. In order to
form some idea of the amount of gaseous diffusion which
takes place through brick and mortar walls, Roscoe deter-
mined the quantity of carbonic acid which diffuses through a
common brick. For this purpose a brick was cemented with
pitch into the end of a box, 3 feet long, 9 inches broad, and
4% inches deep. The interior of the box was lined with
pitch, and carbonic acid was led into the box through two
tubes cemented into the sides. After the box had stood for
some minutes, to allow the gas to diffuse equally throughout
the space, a sample of the contained air was collected, after
which a similar sample was taken every hour, and the
quantity of carbonic acid in each determined. In order to
exclude error arising from any possible leakage in the box,
a second series of analyses was made in the same way,
except that the whole of the brick was covered by a layer of
pitch, whereby the leakage of the box was determined. The
result of the experiment was that when the enclosed space
contained 16 per cent, of carbonic acid, more than 2 per cent.
escaped in two hours. Another experiment with a piece of
dried mortar of the size of the brick, and with hydrogen
instead of carbonic acid, showed that a still greater exchange
took place than was found with the brick. Hence, “the
beneficial action of our brick and plaster walls is, therefore,
not merely confined to taking up or giving meisture to the air,
for they are eminently hygroscopic; but a diffusive inter-
change goes on within the pores of the brick and mortar ; so
that our walls become, to a certain extent, an aid to ventilation,
The well-known unhealthiness of iron or new and damp
houses may probably be, to some extent, thus accounted for.”*

* A curious illustration of the poreus condition of the plaster ceilings of
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It has been commonly supposed that the heated carbonic
acid formed by respiration, and by the combustion of lampe
and candles, ascends and forms an atmosphere of impure air
in the upper part of rooms not artificially ventilated at the
top; so that persons breathing the air above the level of the
chimney opening were breathing a more unhealthy air than
those below such level. It is found, however, that the known
laws of expansion of gases by heat, and of the diffusion of
gases, are sufficient to equalise the amount of carbonic acid
throughout the enclosed space. Roscoe’s experiments have
shown that there is no accumulation of impure air in any
particular part of the room, as was proved by examining
specimens of air taken simultaneously above and below the
level of the chimney opening in a room not artificially ven-
tilated. This remark, however, does not apply to the air
in varions parts of erowded and heated public buildings, as
may be seen by reference to the table at p. 206 note, where
the air collected from the gallery of a crowded fashionable
theatre was found to contain much more carbonic acid than
a similar specimen of air from the pit. In such case the car-
bonie acid was caught as it were while being generated, and
in a locality where it mingled its own proportion with that
of the current ascending from the cooler pit, where the pro-
portion was already much in excess.

This mingling of the various layers of air in a room was
well made out in some experiments by Mr, Campbell, an
account of which is included in the Report already referred
to. He adopted the obvious method already described in
Part I., p. 124, of filling a small balloon with a light gas, and
welghting it until it was nearly of the same density as the air
in the stillest part of the room. When placed opposite to and
near the fire, r, Fig. 80, the balloon expanded, ascended, and
moved steadily along the ceiling from the fire-place towards
one or other of the windows, w, when it descended to the floor,

rooms may sometimes be noticed in old houses, where the form of heavy
beams of wood or rafters is made out by the darker colour of the ceiling
immediately below them. The diffusion of the gases through the plaster
probably drags the dust with them, but on the plaster immediately below the
beam, the dust would settle and accumulate by adhesion, and thus account
for the darker colour,
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moved towards the fire-place, and again ascended. If any
one moved about the room, or if there were a draught from
a door or window, or other slight disturbing cause, the
direction of the balloon was somewhat altered. As the
motion of the balloon indicates the motion of the air, it
follows that air near the fire must be continually ascending,
and ““ as it can neither escape nor accumulate at the ceiling,
it must flow from the place where it aseends, that is, from
above the fire-place towards the windows and walls, where it
contracts and becomes heavier, falls by its own weight, and
is forced downwards by fresh quantities of heated air, ex-
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Fig. 80. Air currents in a room warmed by an open fire.

panding and following in the same tract. In like manner,
because air cannot accumulate on the floor, the descending
currents at the windows, and those originating there from
the coldness of the glass, must give rise to currents moving
towards the fire-place near the floor, in the direction in
which the balloon actually moved ; and, further, any person
in the room must cause movements in the air, such as were
shown by the movements of the balloon. If, then, the air of
a room be circulating thus rapidly, foul air cannot accumulate
in any great excess at any part of it, but, on the contrary,
different qualities of air must be speedily mixed.”
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Filaments of floss silk about 6 inches long, teased out and
made very fine, were fastened to the ceiling (as in Fig. 81),
and also to pens attached to a pole reaching from the floor
to ceiling, while others were fastened to the mantelpiece.
Where the air was stagnant the ends of the vanes pointed
downwards, where it was descending they pointed down-
wards and moved about; where the air was moving hori-
zontally the filaments were bent in the same direction, and
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Fig. 81. Vanes attached to ceiling.

were more or less bent, according to the force of the moving
power at different points. In aseending air the vanes
pointed upwards. Here, too, it was evident that the air was
rising at the mantelpiece and flowing rapidly along the
ceiling in lines radiating from a point above the fire. Tt
was further remarkable “ that the ventilator in the chimney
was not drawing air from the ceiling so as to interfere with
the direction of vanes passing close to and above it, which
pointed directly away from it.” (See v., Fig. 80.)

The force of the eurrent, the existence of which was thus
agcertained, was measured by an anemometer (Fig. 82)
formed by a piece of ecardboard, C, of known dimensions,

— S,

Fig. 82, Anemometer.

suspended to one arm of the beam of a balance, and placed at
the edge of the mantelpiece in the ascending current. The
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graduated stem of a broken thermometer, ¢, was sugpended to
the other end of the beam, and was placed in a glass vessel
containing water ; weights were placed on the cardboard till
the zero point of the graduated stem was level with the sur-
face of the water. The degrees were read with the assistance
of a magnifier, G, and the number of degrees moved indicated
the force acting on the card. The value of each degree was
found by adding weights to the card. In this way it was
ascertained that the force of the upward current at the
mantelpiece was considerable, and that it varied in strength.
It was strongest in the centre, but extended to both sides of
the mantelpiece ; this upward current had a force of from 15
to 41 grains to the square foot; the force diminished as the
fire got low ; but the same action went on even when the
fire was extinguished.

The currents were made visible by means of a fuming
apparatus consisting of a sponge filled with muriatic acid
suspended over a small basin of
ammonia. This is a better con-
trivance than smolke, which, when
warm, moves independently of
the general current in the room.
The fumes showed the same cur-
rents as before, and also an eddy
above the mantelpiece (Fig. 83)
. falling along the wall for about 2
. feet,

“On warm days, when the
sun shines on the carpet through
the windows,and no fire is lighted,
the currents are reversed. Those
! . parts of the room where the car-

Fig. 83. Eddy over Fire-place. 0t js warmed by the sun become
the warmest, The air there ascends and flows from the win-
dows along the ceiling towards the ventilator, which works
freely, opening and shutting at short intervals. The air
then enters the room by the chimney and escapes by the
doors.” .

But when the fire is lighted the whole air of the room is in
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rapid circulation, much more so than when there is no fire,
and the experiments seem to show “that an open chimney
with a fire lighted will serve to remove foul air from dwelling -
rooms, without any special opening communicating with the
chimney from the upper part of the room.” If this be true
the chimney valve, which has been so much advocated and
so much used, is of little or no use.

The quantity of air that escapes from the room up the
chimney is very large, and Mr, Campbell’s experiments show
that when seated by the side of a comfortable fire, currents of
air are constantly streaming over the surface of gur bodies.
No wonder that colds and rheumatic affections are so com-
mon in every household, under the usual arrangements of
the fire-place, and that a cold will often run through the
whole family at the end of autumn when fires are begun for
the winter. An anemometer placed in the chimney of a
room in which the fire was lighted showed an escape of air
from the room of 1,004 cubic feet per minute. In another
room where there was no fire, but while the chimney was
yet warm, the instrument was held in the chimney about 6
inches down, and it appears that 125 cubie feet per minute
were escaping from a room whose cubic contents were
10,159 feet, so that in about an hour and a quarter the
quantity of air which escaped from the room was equal
to its cubic contents. Dr. Roscoe has shown that the
different qualities of air in a room were equally mixed, and
My. Campbell's experiments tended to confirm his conclusions,
and he thinks that no special ventilation beyond that of the
chimney is required, so long as the chimney is warm, pro-
vided means be taken to admit the outer air freely, and to
warm it before entering “to save fuel,” as it is said, but we
should also add, to prevent cold draughts to the persons of
the occupants, especially to the feet.

No efficient system of ventilation can be devised until it 1s
agreed how much fresh air per minute is required to be sup-
plied to each individual for the purposes of healthy respira-
tion. That is, the quantity must be settled as regards the
building or room required to be ventilated, since the quantity
to each individual must vary according as the enclosed space
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is occupied day and night, as in hospitals, prisons, &e.; or
only during a portion of the day, as in schools, connting-
houses, workshops, public assemblies, &e. In the one case
the sources of vitiation of the air are permanent and con-
tinuous, and may acquire a dangerous degree of power, as
in the wards of fever or other hospitals, in which case the
ventilation should be energetic; whereas in the second case,
where the number of inmates is liable to fluctuation, where
people are constantly going in and out, and doors are being
frequently opened and shut, a more moderate system of
ventilation may suffice. Writers have not generally admitied
that the quantity of air required by each person may vary
according to circumstances, and each writer framing his own
estimate from the cases investigated by him, gives a result
which may bear no kind of relation to the quantity determined
on by another observer on altogether different data. Thus
Peclet concludes, on experimental grounds, that a man
requires 5 cubic feet of air per minute, Vierordt gives only
21 cubic feet, Reid 10 and Arnott 20 cubic feet. Roscoe
also concludes, from his examination of the air of soldiers’
sleeping-rooms, that 20 cubic feet of air per minute per man
are required to remove completely the products of respiration
and animal putrescent effluvia.

There are, however, other conditions which must regulate
the supply of air, such as whether the individuals are healthy
or sick, young or old, asleep or awake, active or inactive.
General Morin, in his recent work on ventilation,* has given
the result of his inquiries into this as well other parts of the
subject, and has contrasted the experience of other writers
with his own. He quotes Peclet as one who has studied the

subject sufficiently to pronounce an authoritative opinion.
- According to that writer, in a school dormitory where there
was a ventilation of 3:53 cubic feet per minute | for each bed,
there was a faint disagreeable odour, and he admits that this
amount should be a minimum of ventilation when the air of
the room is mixed with that of ventilation, and there is no par-

* « Etudes sur la Ventilation,” 2 vols., 8vo. Paris, 1863.
+ Morin’s unit is the cubic metre per head per kour; but in all cases I
have reduced this to the cubic foot per minute.
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ticular cause of unhealthiness ; but when the ventilation takes
place from below upwards, through numerous orifices in the
floor, a supply of from 4:12 to 647 cubic feet per head per
minute renders the air sufficiently pure. This last calcula-
tion refers to the ventilation of the Chamber of Deputies,
where the sitting lasted some hours only, and where the dis-
charge of air sometimes amounted to 10°58 cubic feet per head
per minute, In this hall, capable of containing a thousand
persons, the air was vitiated in half an hour when there was
no ventilation ; so that each individual vitiated at least 4'7
cubic feet of air per minute, notwithstanding the frequent
opening of the doors and the escape of air by openings above.

In 1843 a Commission, presided over by M. Arago, con-
cluded from its examination of a prison that the ventilation
ought to be raised as high as 588 cubic feet per head per
minute. This had long been the amount demanded by sana-
tory officers for hospitals ; but in 1852, when the warming and
ventilation of the Hospital Lariboisiére was rearranged, a con-
tinued ventilation of warm air in winter and of cold air in
gummer was demanded in the proportion of 1177 cubie feet
per head per minute in the wards, and of half that quantity
in the room where the patients took their exercise. A case
is mentioned of a ward occupied by wounded men, in which
35'31 cubic feet of air per minute per bed was scarcely suf-
ficient to keep the air sweet, Morin found that in the lecture-
room of the Conservatoire des Arts, a ventilation of 5:S cubic feet
per minute per auditor was hardly sufficient in winter, when
the temperature would oceasionally rise to 716 Fahr., so that
a ventilation of from 14-71 to 17-65 cubic feet per minute per
head came to be considered as a minimum. In the meeting-
room of the Academy of Sciences it was found that the
removal of from 16-47 to 1706 cubic feet of air per head per
minute was sometimes insufficient to keep the air pure, while
the ventilating arrangements gave rise to distressing currents
of air when only a few orifices of supply were provided. It
has also been found, from numerous observations in the
Hospital Lariboisi¢re, that the removal of from 35'31 to 41°19
cubic feet of air per minute per bed did not always prevent
the wards from having a disagreeable odour, and it was even
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recommended to raise the amount to 58:S5 cubic feet. At
the military hospital of Vincennes the ventilation has been as
much as 7062 cubic feet per minute. This proved to be
inconvenient, and the medical officer required that the
quantity of air evacuated should be reduced to 17°65 cubic
feet per head per minute. This was tried for three months,
and found to be insufficient, especially in the fever wards.
The ventilation was then readjusted to the rate of about
39'31 cubic feet per minute per bed.

Of course where gas is burning an allowance must be made
for each burner, which not only vitiates the air but raises
the temperature. The result of numerous experiments in
the theatres of Paris has shown that a supply of 17°65 cubic
feet per minute to each spectator will be sufficient. Care
must, however, be taken to raise the temperature of the
incoming air to about the normal temperature of the enclosed
gpace, and to distribute it in such a way as to prevent the
currents from being felt: means must also be provided for
increasing or diminishing the ventilation at will within certain
limits. Hence, too, the necessity of intelligent supervision, for
it often happens that the most costly arrangements if left to
themselves will go wrong, while if regulated and controlled
they will perform their part admirably. Hence in every
public establishment a skilled superintendent should have the
charge of the warming and ventilating arrangements.*

General Morin considers that 20 cubic feet per head per
minute is not sufficient ventilation in the sleeping-rooms of

* In the Report on Barracks the commissioners relate a case in point. In
a hospital which was ventilated by one of the most perfect apparatus they
had anywhere seen, and which professed to supply between 4,000 and 5,000
cubic feet of air per bed per hour, the atmosphere of the wards was found to
be stagnant and foul. OUn pointing this out, an inquiry was instituted,
when it appeared that one of the valves of the supply pipe had been tam-
pered with, apparently for the purpose of saving fuel by diminishing the
quantity of warm air supplied to the sick. In some prison cells, the com-
missioners did not find the air by any means so fresh as it ought to have been,
and in some instances, where the ventilation was dependent on a fire, or upon
gas-lights, no one had taken the trouble to light them, so that the ventilating
force had ceased to act, and the cells or rooms were virtually unventilated.
In two of the theatres of Paris, where an elaborate system of ventilation had
been constructed at the expense of the city, and which depended on keeping
up two fires which acted as the ventilating force, the fires soon ceased to be

lighted, and the uncomfortable condition of the crowded interior was actually
attributed to the failure of the method adopted for ventilating.
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barracks, and he proposes to raise it to 23-54 cubic feet, with
means for increasing the volume under certain circumstances,
which he thinks might be done by connecting the ven-
tilating apparatus with the heating apparatus of the kitchen.

Experiments made in the stables of the Omnibus Com-
pany at Paris showed that a renewal of the air amounting to
from 94:16 to 111'81 cubic feet per minute per horse was
about sufficient to keep the air fresh, and at the proper
temperature and hygrometric state.

In all the above results, it was found that when ventilation
was energetie, the vitiated air, compared with the fresh air
sent in below, had an increase of volume in the proportion
of 3 to 2. The vitiated air, as already noticed in the experi-
ments of Leblane (p. 14, ante), is in a state of putrescence most
dangerous to inhale. General Morin's assistants have been
exposed to considerable danger from this source, one of them
having been struck down in a state of asphyxia, and another
made very ill. This will give some idea of the kind of poison
we are liable to breathe in crowded rooms and assemblies
where no special arrangements are made for ventilation,

The art of ventilation, in its simplest form, consists in
letting out the foul air of an apartment or other enclosed
space, and bringing in fresh air in such quantity as not
to prove disagreeable or injurious to the occupants. Some
writers divide the subject of artificial ventilation into two
branches, which they call the plenum method and the vacuum
method. DBy the first, air is forced by mechanical contri-
vances into the interior of a building, and the vitiated air is
allowed to escape by openings contrived for the purpose ; or,
to speak more accurately, the force or impetus of the incoming
air ought slightly to compress the air of the room, and assist
the efflux of the vitiated air. By the second method the
vitiated air'is drawn out of the building by means of mechani-
cal contrivances, or by the agency of heat artificially excited,
or simply by its own levity, and the fresh air thus finds an
entrance through channels adapted for the purpose.

There can be no doubt that the introduction of mechaniecal
apparatus, such as bellows, fans, pumps, &ec., either for driving
in fresh air, or for extracting foul, is objectionable, not only

L
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from the liability to get out of order, but also from the super-
intendence required., That method must be considered as
the best, for private houses atleast, which is self-acting ; while
for public buildings the self-acting method should still be
adopted, subject, however, to a certain amount of control on
the part of a competent officer. The self-acting principle
must depend on that which regulates the draught of our
smoke flues and the chimneys of our lamps, namely, that a
given volume of air expands and becomes lighter when
heated ; 1,000 cubic feet of air at 32° becoming 13665 cubic
feet at 212°. Moreover, a cubic foot of air at 30° weighs
5692 grains, while it weighs 657°8 grains at 40° 546'8
grains at 50° 536:3 grains at 60°, and 526-2 grains at T0°,
the pressure as indicated by the barometer being constant.
Hence it will be seen that a cubic foot of air at 40° is 11-4
grains less in weight than at 80°, and this difference in weight
for each successive 10° becomes less, until between 60° and
T0° it is 10°1 grains.

We have seen in the Introduction that the ascending and
descending currents in air and water depend on these differ-
ences in temperature, the warmer fluid ascending, and the
colder and heavier descending. Ventilation of rooms and
buildingg, and the warming of buildings by hot water, depend
on this principle. The greater the difference in temperature,
the greater will be the difference in weight, and the more
rapidly will the current flow. But these heated ascending
currents readily part with their heat on contact with cold
surfaces, such as windows and outer walls, and ascending
currents became quickly converted into descending ones.

Air being thus liable, from its excessive mobility conse-
quent on the small size and independent action of its particles,
to be acted on by heat, to expand and to contract, to obey,
as it were, the beck and call of every calorific agent near or
distant, is liable to expend its moving force in whirls and
rotations, or to waste its travelling energy in the friction of
its molecules on each other, or on other substances. In every
circulation of air these whirls are inevitable, but our arrange-
ments should be such as to favour them as little as possible.
Thus in our waste air channels we should avoid change of
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direetion, obstruetions, and roughnesses, or anything that
leads to inequality in the currents

of air themselves. When air T \"_“::_,,L\
escapes, and still more when pro- % r’{{l,f’"(r “‘,f:‘;:f:;—xﬁ
pelled, through gratings where the (;.., .~} £ ﬁ;,[);nﬁ‘)’}j
openings are of the same dimen- hf“.f'_‘,-q;)f ) ,ng?ip?ﬂfﬂ
sions as the closed spaces, the air zf:’: f T’fW@
becomes obstructed and reflected — IEEELIE
in passing, and forms whirls and Egj
eddies when passed (see Fig. 84), '
gso that its vis viva becomes quickly
expended. Even when air is propelled by machinery along
a channel into a room or other wider space, it readily

wastes itself in these
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/ ::.-'..:-
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Fig. 84. =
Air passing through a grating.

whirls, as shown 1n Fig. 85. _f T

When, on the contrary, air = .; 3

passes from a colder into a —— — J) ;,LJ
warmer space along a tube -",

of good size, the particles
move in lines which con-
verge towards the opening
of the pipe in various direc-
tions, and with no wvery
great rapidity (see Fig. 86).
In this way there is a sort
of draught or suction in =

the direction required, with Fig. 86 Air passing from a colder into
. . a warmer space.

little or no eddy, while by

multiplying these supply-pipes, the velocity can be diminished,
the supply increased, and the persons present supplied with
fresh air without being annoved by draughts,

But the grand point is to get rid of the foul air, for if this
be done, the fresh will flow in without much difficulty, since
in every room or enclosed space occupied by a warm-blooded
animal, to say nothing of fires, lamps, and candles, the air 1s
less dense than that outside. Get id of the bad air is the
maxim of every sound ventilator, and Morin wisely insists
upon this addition, Get rid of it at the very spot where it ts
generated. As, for example, in the ward of a hospital, the

L 2

Fig. 85. Air propelled from smaller into
larger channel.
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infected air should be removed, not by one or two foul-
air shafts, however capacious, for in such case the foul air
may creep from bed to bed, and do its deadly work before it
finds its way to the air shaft, but every bed should have its own
special ventilator communicating with the large central venti-
lator, so that the foul air is got rid of as soon as engendered.
Then, again, it is important to determine the spot where the
foul air is to be discharged. The discharge pipe must not be
near the supply-pipe, or the foul air will become mingled
with the fresh, nor near the heating apparatus for a similar
reason. All these arrangements, which are comparatively easy
in planning the building, if the architect will only condescend
to study them, become difficult when the building is already
finished, and the ventilator has to supplement the architect.

The different channels by which the foul air is collected should
open into one general fonl-air shaft, and be so arranged as not
to draw upon each other, while the collecting shaft should have
sufficient force to draw upon all the feeders. It must not be
liable to have its action upset by wind outside, or the opening
of doors and windows inside ; that is, means must be provided,
either by a fire in the discharge shaft, or by a fan, to enable
it to draw upon all the subsidiary shafts in the building.

Arrangements for public buildings should admit of regula-
tion according as the number of inmates fluctuates ; and in
private dwelling-houses it will always be easy to contraet
the fresh-air shaft at a certain point within certain limits.
Knowing the temperatures inside and outside, however little
the former exceeds the latter, it will nearly always be possible,
by a proper adjustment of the orifices of the fresh-air pipe, to
bring in such a volume of air as may be required without any
further care, and without having to look after any mechanical
contrivances, such as fans, &e.

The question as to what part of the room the fresh air is
to be admitted is not so easily answered. There is no doubt
that if the fresh air has been heated to 100° or. 120° or
upwards, it must enter at a higher level than the lungs of
the persons present, or it will produce great personal dis-
comfort. Its levity will cause it to rise and temper the cold
air of the room before it feels the influence of the outgoing
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current, Currents of hot air entering the room near the
ground are almost as intolerable as currents of cold air in a
similar position, The former produce unpleasant sensations
about the chest, head, and eyes, and the latter act as a cold
bath to the feet and legs. In theatres and other places
where the air enters by numerous orifices in the floor with a
velocity of 1 foot or 13 foot per minute (sufficient to bend
the flame of a candle 45°), persons exposed to it are liable
to contract rheumatic affections in the reins and lower
extremities. DMoreover, air admitted through the iloor,
whether cold or warm, is apt to raise the fine dust of the
floor so as to irritate the lungs. In fact, the French engineers
are agreed that the fresh air, whether hot or cold, must not
be introduced at the level of the floor.

The question as to what point or points of the room
to introduce the fresh air, is further complicated by the
fact that our winter arrangements for warming and venti-
lation do not always suit the ventilating requirements of
summer. Ventilation, in fact, is more difficult in summer
than in winter, as the incoming air, being more heavy, is
liable to subside and pass out without being diffused. Morin
recommends that in summer openings communicating with
the outer air should be made in or about the cornice, so as
to bring in the air in the form of a thin sheet, or in numerous
threads, so as to spread over the ceiling, and gradually sink
to ventilating openings placed at a lower level, where it
would escape and drag with it the vitiated air, whether light
or heavy. We have already in the Introduction stated some
objeetions to this method ; but we are bound to admit that
in the case of an efficient method of ventilation, our opinion
may well be reconsidered, secing what grave objections
belong to the method of admitting cold air -at the level of
the floor, and where, moreover, the ventilating openings,
if under the control of the inmates, are almost sure to be
closed or stopped up. In a very able report of the Com-
missioners for Improving the Sanatory Condition of Barracks
and Hospitals,* the question was carefully considered as to

* The Commissioners were Messrs. Sutherland, Burrell, and Galton. The
Report is dated April, 1861, Reprinted 1863,
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where the inlets for fresh air should be placed. On tracing
the course of the air currents produced by inlets near the
ceiling, such as those caused by drawing the window-sash
a little way down, it was found that the air thus admitted
soon ceased to exist as a distinct current, for at a very short
distance from the inlet it mingled with the general mass of
the air and disappeared. Considering also, from the experi-
ments already noticed, that the air in a closed room with a
fire revolved in spheroids (as shown in Fig. 80, page 210),
and that an open fire-place thus tends to preserve the air of
the room in an average state of purity and temperature—
considering, too, that every room was to be provided with a
capacious foul-air shaft—it was determined to place all inlets
of air close to the ceiling. The form adopted was that of iron
or perforated air bricks of different sectional areas, according
to the number of men the room was intended to contain, allow-
ing 1 square inch of opening for every 60 cubic feet of contents
of the room; but 1 square inch to every 120 cubic feet of
the room was deemed sufficient if air from without were
warmed by passing round the fire-grate by one of the methods
already described in Part I. Two or more such inlets were
recommended, one on each of the opposite sides of the room,
but not opposed to each other ; and to prevent draughts, each
inlet was covered by a wooden cornice several times its
length, sloping upwards to the ceiling at an angle of 45°, the
upper side formed of perforated zine, with holes from one-
eighth to one-sixth of an inch in diameter ; while still further
to break up the force of the current,
the front of the cornice opposite
the inlet was of wood. The area
of perforated zine, through which
the air passed into the room, was
from three to six times the area of
the inlet from the outer air. Fig. 87
shows the ventilating cornice over
Fig, 87. Perforated Zine  the inlet, with the front of diagonal
Cornice. ends of wood, and the upper sur-

face of perforated zine, except opposite the inlet, where it is
of wood. In a new building these inlets would be made in
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the thickness of the walls by means of air bricks at intervals,

as required ; each one on the
inside to be faced and fitted
with iron or slate louvres 1%
inches apart, sloped upwards
toward the ceiling, and capable
of being closed at pleasure,
Jennings' air bricks, Fig. 88,
may be used, or Sherringham’s
ventilators, to be afterwards
described. Fig. 89 shows the
inlet in section. It is a per-
~ forated zine cover within the
room, and a valve v, and cord
working on pivots for closing
the inlet.
it will fall down to the
position shown by the
dotted line, and leave the
inlet open when not pur-
posely raised and held by
the cord. The valve,
which may be of zinc or
galvanised iron, should fit

*"’yf" /;af-t’f' .
Fig. bS Jennings’ Air Brick,

The valve is weighted at its upper edge, so that

very loosely, so as to
leave, when closed, at
least from half an inch
to an inch between it and
the sides and bottom of
the inlet holes. @ is a
grating for preventing
birds from building in the
opening ; £ w the external
wall, and ¢ the ceiling of
the room.

For the discharge of
foul air, the Commissioners
recommend shafts made
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Fig. 89. Tentnlatmgaﬂpnnmg.

of three-quarter inch deal, very smooth inside (Fig. 90), or
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glazed pipes built into the wall at an angle of the room as
far as possible from the inlet openings. The sectional area
of each shaft depends on the cubic contents
of the room; such as 1 inch to every 50
cubic feet of room space on the top floor, 1
inch to every 55 cubic feet for the next floor,
and 1 inch for every 60 cubic feet of space
for the lower floors. When the windows
were opened, it was found that there was
very little upward draught in these shafts, for
in such cases the temperature of the room was
very nearly the same as that of the outer air;
but when the windows were closed and the
| rooms were occupied, the current up the
shaft was energetic. In rooms in the Wellington Barracks,
for example, with a cubic capacity of 7,920 cubic feet, a
quantity of air equal to from 8,000 to 9,000 cubic feet per
hour passes up the shaft. Each shaft, therefore, removed from
the rooms about 600 cubic feet per man per hour,
the rooms being occupied by thirteen men each,
while the chimneys removed a similar quantity per
man. The foul-air ghafts are
carried from one angle of the
ceiling to 3 or 4 feet above

Fig. 90. Portion
of Foul-Air Shaft.
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Fig. 91. Shaft and Inlets. Fig. 92. Arrancements for
Warming and Ventilating.

the room, and are protected by louvres to prevent the rain
beating down. Fig. 91 will show the relative position and
arrangements of the shafts, s s, and inlets, 1 1 (¢ being the
ceiling of each room); while Fig. 92 shows the entire
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arrangement for ventilating and warming a barrack-room ;
1 1 are the cold air inlets; 2 is an inlet for air from the
outside to be warmed in a space behind the fire-grate (see.
Fig. 79, p. 198), and it will be seen that this air, after having
been warmed, passes up an air-flue in the walls, and is
admitted into the room through the louvre, 3, placed a little
under the ceiling. The outlet foul-air ghaft is shown at 4, but
this should be placed as far as possible from the fire-place.
In practise it was found necessary, to prevent the annoyance
produced by occasional down draughts in windy weather, to
make the entrance to the foul-air shaft at the level of the
ceiling in the form of an inverted louvre, as in Ilig. 93.
Morin, who has studied these arrangements, and approves
of them in principle, but kas adopted some wvariations in
detail, quite admits the necessity of getting rid of the old
plan of introducing fresh air at the level of the floor. Iis
inlets he would form in the outer wall at the level of the
floor, but would make debouche into the room at the level

e
e

SECTION OF A.B.

e

Fig. 93. Fig. 94, Fig. 95.

Air-shaft Louvre. Ventilating Openings. Ventilating Opening.

of the ceiling through a perforated cornice, as shown in
Fig. 94; or he would arrange them in the plate bands of the
window, so as to be out of sight, as shown in Fig, 95, Itis

L O
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necessary, however, not only to distribute the ventilating
openings so as to prevent draughts, but also to make them
of larger proportions or in greater number than has hitherto
been supposed necessary, There should also be a decided
difference between the temperature inside compared with
that outside ; and as the wvelocity of the inflowing air 1is
proportional to the square root of this difference of tempera-
ture, experience shows that the velocity of the inflowing air
is often less than that of the air in the foul-air shaft. There
must be a certain proportion between the sizes of the fresh-
air channels and foul-air shafts. The sections of these
channels must be made in the inverse ratio of the velocity
which the differences in temperature require, but subject to
variation with the seasons. It is, however, fully admitted
that in a building of several stories, each story must have its
own fresh-air shaft, or if there be one common to the
building, it must be divided in the direction of its length,
s0 as to form separate and independent channels. Unless
this be done, one floor may so overpower another as to draw,
not only its own supply, but also on that of its neighbour. A
remarkable instance of this kind is given in the case of the
Military Hospital of Vincennes, where the fresh air was
conveyed by means of vertical shafts in the partition walls
with horizontal branches passing under the floor of each
story. In April, 1860, it was found that while on the first
floor the quantity of fresh air per bed per minute was equal
to 824 cubic feet, it was nearly 129 cubic feet on the second
floor, and 97 cubic feet on the third. Such an irregularity
would not have happened if the shaft had been divided into
distinct channels, one for each floor, or if some kind of regis-
tering apparatus had been placed at the bottom in the mouth
of each shaft, both which arrangements have since been
adopted with success, although there has been a loss of
velocity in the air in consequence of the subdivision of the
ghaft.

General Morin approves of the method, where it can be
adopted, of establishing mixing chambers for mingling the
told air and the warm in proper proportions, both as to
temperature and moisture, before admitting it into the rooms
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which are to be ventilated. This method, originally adopted
in the ventilation of the Houses of Parliament, as will be
described further on, has been used with success in some of
the public buildings in Paris. With respect to the tempera-
ture to which the air should be raised, the varying feelings
of individuals cannot be taken into account. In rooms
warmed by means of an open fire, the ventilation proceeds
more rapidly in proportion as the fire is brisk; and under
such circumstances a higher temperature can be maintained
without inconvenience than in rooms warmed by hot air
from some distant part of the building ; but even in such
case, if ventilation is active, a higher temperature may be
maintained than when it is sluggish. DMorin gives from
68° to T71'8° Fahr. as the temperature which will, under
most circumstances, be found to be the most agreeable to
maintain.

‘Where cold air and air artificially heated are brought into
the same apartment, they should be thoronghly mixed, for
which purpose they are made to flow along the supply pipe
in a direction parallel to each other, the pipe being divided
by a wooden or other diaphragm for the purpose. The hot
air must oceupy the lower division of the pipe, so that, when
they mix, the warmer and lighter air will rise up into the
colder, and the common current will have a mean tempera-
ture, which can be varied according to circumstances.

A good deal has been written about the advantages of
obtaining a supply of fresh air for ventilation from a height
of 50 or 100 feet. Dr. Reid adopted this method, and it
has also been applied to the new buildings at Guy’s Hospital,
London, where a hollow shaft has been erected to the height
of 95 feet, down which the air rushes, and is warmed by
hot-water apparatus below. One argument for this plan is,
that the air thus taken from a height is fresher and cooler
than at a lower elevation. This is a mistake, especially at
night; for it was discovered by Mr. Six, as long ago as the
year 1783, that it is often considerably warmer 200 feet
from the ground than on the ground itself. Prevost and
Pictet made similar observations.*  Becquerel has also

* Ina volume of this series, published in 1863, entitled “ Experimental
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recently communicated to the Academy of Sciences at Paris
the fact that, under a clear sky by night, and also sometimes
by day, the temperature of the air increases in ascending,
within certain limits; that from the surface of the ground to
the height of about 525 feet the temperature is sensibly
uniform, winter and summer, the tendency, however, being
rather to increase in ascending within these limits; and it
would be necessary to rise to the height of between 400 and
d00 feet in order to get a reduction of 1° (. IExperiments
tried at the Conservatoire des Arts et Métiers at Paris showed
that outside the window of the second floor, 516 feet from
the ground, the air was rather higher in temperature than
that outside the first-floor window, 27 feet from the ground.

If, then, we cannot claim an advantage for air taken from
an elevation, on account of its superior coolness, there can be
no doubt as to its advantage on account of its superior
purity, since it is not so likely to be contaminated with the
emanations from sewers, and numerous offensive waste pro-
ducts on the surface. It is nearly always objectionable to
have the source of supply in cellars and other places low
down in the building ; but as it is often necessary to have
the hot water coils or other heating apparatus in this
position, it may be difficult to avoid this. But, in many
cases, it may be possible to have a channel, if only of canvas,
communicaling with the outer air.

In the method of what may be called spontaneous venti-
lation, where an opening is made for the escape of the hot
vitiated air, sufficient attention is not bestowed on the form
of the ceiling ; and where a chimney valve is introduced, it
is mearly always too low down. Suppose the room to be
turned upside down, and filled with water, the question is,
Where ought we to place an opening that wonld most
effectually drain off the contents ? Certainly not where the
chimney valve is usually placed, for that would leave several
inches of stagnant water. If level with the ceiling, most of
the water would escape by the chimmey valve; but if the
ceiling were flat, as it usually is, there would still be shallow

Essays,” the above facts are more fully stated, p. 113, in connection with the
history of the modern theory of dew.
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pools of stagnant water that could only be got rid of by
evaporation. - When we want to pour water into a bottle in
the shortest possible time, a funnel is used ; and its shape iz
admirably adapted to its purpose. So also, when we carry a
light on a journey, we use a lantern, which is a perfect
example of a well ventilated portable lighthouse. Our
ceilings ought to be constructed on similar principles for
draining off hot vitiated air. They should not be flat, nor
should the foul-air passages be on a lower level; but the
ceilings should be dome-shaped, coved, arched, groined, or of
the form of a truncated pyramid, as shown in Fig. 96, so as
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Fig. 96. Best form of ventilating Ceiling,

to rise in the centre; and at the centre, or most elevated
point, the ventilating tube, T, should be placed. When
curved lines are not used, ceilings of this form ought always
to be adopted ; they are not much more expensive than flat
ones ; they have a better effect, and are vastly superior as far as
ventilation is concerned, supposing an opening be made in
the central or highest point for the escape of the vitiated air.

In some of the old buildings which still excite the admira-
tion of persons of cultivated taste, by the beauty of their
arrangements and architectural details, we sometimes meet
with special provision for ventilation, arranged on the truest
principles, Thus, in the “ Hall of Baths” in the Alhambra,
at Granada, the roof is perforated with ventilating openings,
and is not only of the best possible form for the purpese of
ventilation, but the openings themselves are of the best
possible shape, being wider at the lower extremity than at
the upper; and in order that these openings may present the
least possible amount of friction to the outgoing air, they are
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provided with short tubes of baked earth, covered with a
green vitreous glazing. This beautiful roof is shown in
Fig. 97, and two of the elegant ventilating tubes are shown
separately on a larger scale in IMig. 98.

Fig. 97. Roof of the Bath in the Alhambra.

Tredgold, who has many sound and some unsound views
on the subject of ventilation,® saw the necessity of attending
to the form of the ceiling, and
of placing the ventilating open-
ing in the highest point. He
gives some sensible directions
for the ventilation of a church,
which, of course apply equally
to any other public building,

Fig. 98. Ventilating Tubes. and, to a certain extent, to
private houses. He advises that the spaces for the admission
of cold air be abundantly large, and divided as much as
possible ; but he commits the common mistake of placing
them in or near the floor (see Fig. 100), so that the air may
not have to descend upon any one. By making the openings
large, and covering them on the inside with rather close wire-
work (sixty-four apertures to the square inch), he imagines
that most of the current may be prevented ; and that it may

*“ Warming and Ventilating.” Second edition. London, 1836.
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be still further prevented by bringing tubes under the
paving to admit fresh air into the central parts of the
church. He says nothing about cold feet, although he
advises that these openings be provided with shutters, so as
to close them when desirable, forgetting that, with sueh an
arrangement, the shutters would probably never be opened.
Provision should be made for the escape of the warm air at
" different parts of the ceiling through air-trunks furnished
with registers. The form of the mouth of the vent tube is
a circular aperture, with a balanced circular register plate,
p (Fig. 99), to close it. This plate should be larger than
the aperture, in order that the air may be drawn into a
horizontal current, for the purpose of taking away the portion
of air next the ceiling. If the tube were left without a
plate, the air immediately under it would press forward up
the tube, and very little of the worst air which collects at
the ceiling would escape. As it is not always possible to
conduct the vent tube at once in a vertical line from the
highest point of the ceiling, there is no objection to giving
it a Dborizontal direction for some distance. In Fig. 99,

Fig. 99. Form of Ceiling, Register and Vent Tube.

the vent tube, A B,is horizontal, and is conduneted between
the timbers of a floor. This figure also shows how the
timbers may be disposed, so that there may be a rise in
the centre without loss of space.* ¢ is a cord passing
over a pulley, b, for raising or lowering the register plate, r.
This plate is balanced by a weight attached to the lower part

¥ In Tredgold’s fizure, the timbers on each side of the ventilating opening
D, are made to dip, as shown in the dotted line at ¢ (Fig. 99). This ought
always, if possible, to be avoided, as it prevents the free passage of the air;
and even such a slight impediment as this might eause a stratum of air near
the ceiling to cool and descend before it had time to escape up the opening.
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of the cord, which passes down nearly to the flor of the
room, where it is secured by a hook.

Where the vent tubes can be carried up vertically from
the ceiling to the top of the building, it is better to do so (as
in Fig. 91), because the friction of the hot ascending current is
thereby diminished. If the vent be made through the
ceiling of a church into the space in the roof, and from this
space an air tube be taken up within the steeple or bell-
tarret, an effectual ventilation may be obtained without
adding outlets to the roof. Where external appearance is
less regarded, a common louvre-boarded top, for an outlet
from the roof, will answer. All side and end windows
should be kept closed; for if the apertures at the ceiling be
of the proper size, and due provision be made for supplying
fresh air, these open windows, as already explained, will
diminish, not increase, the amount of wventilation. The
reason has been already stated why ventilation is difficult to
maintain in warm weather. Of course it becomes especially
50 in very calm warm. weather. DMr. Tredgold gives a case
of this kind:—Suppose we wish to provide ventilation suffi-
cient to prevent the internal air from being of a higher
temperature than 5° above that of the external air. Now, if
the external air be at 70° we shall not be able to keep the
internal temperature down to 759 with a less escape of air
than 21 cubic feet per minute for each person; because each
person will heat, at least, that quantity of air 5° in a minute,
at these temperatures. When a church countains 1,000
persons, and the height from the floor to the top of the tube
is 49 feet, the sum of the apertures that will allow 2,500
cubic feet of air per minute to escape, when the excess of
temperature is 5°, must be equal to 12 square feet. If the
height be only 36 feet, the size of the aperture must be
14 square feet nearly. When the ceiling is level, this area
should be divided among five or more ventilators, disposed
in different parts of the ceiling; but in a vaulted or arched
roof, three are recommended to be placed in the highest part
of the ceiling, as at b, in Fig. 99.

It is also recommended, that the openings for admitting
cold air be about double the area of those at the ceiling.
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The air should not be taken from very near the ground, nor
from a confined place. In designing and constructing a new
building, flues might be made for the special pnrpose of
supplying the interior with fresh air. Each flue might open
in the cornice, pass down between the piers, and under the
flooring of the church or other building, and terminate in
apertures which would be covered with gratings. DBy dis-
posing some of these flues on each side of the church, they
would act with the wind in any direction. These exterior
openings should, however, be covered with a grating, to
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Fig. 100. A method of Ventilating a Church.

prevent birds from building in them, and thus stopping them
up. The accompanying sketch (Fig. 100), from a design by
Mr., Garbett, will show at a glance the arrangements
required for the proper ventilation of a *churﬂh ; but +hef:ure
the desirable objects of properly warming and ventilating
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churches and other public buildings are fully attained, it will
be necessary for architects to combine a profound knowledge
of their art, with a good acquaintance with chemical and

physical science,

CHAPTER II.

ON VENTILATION BY MEANS OF MECHANICAL CONTRIVANCES.

VENTILATION may be assisted by mechanical contrivances, or
by the introduction of heat, so as to produce currents in a
particular direction, or it may be sponfaneous; that is, certain
self-acting arrangements may enter into the structure of
the room or house, and not be liable to derangement from
the carelessness or neglect of attendants. Of these three
methods, the first requires personal attendance, such as the
arranging or winding up of apparatus, thus requiring punc-
tuality and thought, and hence liable to be neglected. The
second method also requires the lighting of fires or of gas-
burners, thus entailing trouble and expense—sufficient in-
ducements to lead to the neglect of the ventilating force.
M. Morin, as already noticed (p. 216, note), has given a long
account (not meant to be amusing, though it is eminently
so), of the failure of two elaborate schemes of ventilation as
applied to two of the theatres at Paris, from the parsimony of
the managers, the idleness of the attendants, as also the pre-
judice of the performers. The freshness produced by pure
air was mistaken for chilliness, and the prima donna actually
complained of cold at a time when the thermometer marked
a temperature of 70° and upwards. The third method of
ventilation must, then, be the best, in the sense that automatic
machines are nearly always better than human machines for
doing mere drudgery, or that periodical kind of work which
does not interest the workman in its performance. If we
can make our ventilation so far self-acting as to depend only
upon kindling the gas that gives us light, or the fire that
gives us warmth, it will be successful, if well arranged.

But first we have to describe some of the mechanical cona
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trivances for ventilation, and these we shall chiefly repeat
from the first edition of this work. We may remark, how-
ever, that when the ventilating fan is used in factories, and
is set going by the same lever that shifts the strap from the
loose to the fast pulley of the machinery, it can hardly be
called mechanical in the sense above intended. It is rather
self-acting, inasmuch as it is independent of the care of the
attendants.

One of the simplest mechanical contrivances for wventi-
lation is the wind-sail used on board ship. It consists of a
gail spread out to the wind: from the lower part proceeds
a cylinder of canvas distended by hoops, which may be
carried down through the hatches, to any deck or hold where
fresh air is required. Its action depends on the force of the
wind, and the mode of arranging it. It is of no use in calm
weather, when wventilation 1s often most needed; and it is
equally unavailable in stormy weather, when the hatches are
battened down, and the men crowded below. Indeed,
unless some contrivance could be made for getting rid of
the vitiated air by other openings, the supply of fresh air by
the wind-sail must always be partial and defective,

The hand-fan has been used from time immemorial, espe-
cially in warm climates, where it is often made of an enormous
size, and being wiclded by an attendant with the dexterity
cqui red by long practice, its effect 1s powerful in giving
motion to the air, and producing the sensation of coolness,
by bringing a larger supply to the person, and abstracting
the heat by its motion. The punkah, as commonly used in
India, is nothing more than a gigantic fan, suspended in the
centre of the apartment, above a bed or table. Attached
to one side is a line, which passes out of the apartment
through the wall to an attendant on the outside, who gives
motion to the large extended surface within, and thus pre-
vents the air from stagnating. Some years ago, a steam-
engine was sent from England to move the punkahs in the
palace of the Nabob of Oude. A machine, called the zephyr,
has been proposed by Mr. Dobson, for giving motion to
the air of a room. Two sails, or punkahs, crossing each
other at right angles, were mounted on a frame, and a
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rotatory motion was given thereto, by suspending it from a
case containing a mechanism like that of a bottle-jack. This
case was suspended by lines passing over pulleys in the
ceiling, and balanced by weights, so that the sails could be
made to play at any elevation. In all these contrivances
motion is given to the air, but the rooms containing them
are not ventilated thereby; the vitiated air is whirled and
whisked about, but not driven out, and its place supplied by
fresh air.

This objection does not apply to the fanning-wheel, or
blower, now so commonly used for ventilating factories and
other places where a steam-engine is constantly at work to
supply the required moving power. The fanner was invented
by Dr. Desaguliers in 1734. Its object was stated to be for
“changing the air of the room of sick people in a little time,
either by drawing out the foul air, or forcing in fresh air, or
doing both successively, without opening doors or windows.”
This, it was supposed, would be of very great use in all
hospitals and prisons, and would also serve to convey air
into a distant room, “nay, to perfume it occasionally.” The
wheel, as first invented, was 7 feet in diameter, and 1 foot wide,
and had twelve radii or partitions (Fig. 101), approaching
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Fig. 101. Desaguliers’ Fanning Wheel.  Fig. 102. End View, with Case.

within 9 inches of the axis, leaving a circular opening 18
inches in diameter, marked 1, 2, 3, 4, in Fig. 101. This
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wheel was enclosed in a concentric case (Fig. 102), furnished
with a blowing-pipe, B, on the upper part, and a suction pipe,
s, communicating at @ with the central opening in the wheel,
which was turned by a handle attached to the axis, A, which
passed through the case and rested on a standard, . The
fanner was made so as to revolve easily, but as closely to the
concentric casing as possible, without any communication with
the air, except through the suction and blowing-pipes. To
ensure this, a ring of blanketing was fixed within the ease,
g g, and a similar ring at g u, so that the edges of the vanes
being in contact therewith, the air would have no other
escape than by the blowing-pipe,
B, Fig. 103. By the revolution of =
the wheel, the air within the case B
was rapidly impelled by centri-
fugal force to the circumference,
where it was condensed, whirled
round, and forced out, in a power-
ful current, through the opening
of the blowing-pipe, B, while
the partial vacnum thus formed
set a current of air in motion towards the centre, which
current entering at s, and passing up into a (Fig. 102),
was distributed between the wvanes, and, driven to the ecir-
cumference, passed out in a powerful continuous blast at .
The suction-pipe, s, could be made to communicate with the
external air by means of a pipe, or with a space containing
heated air, and the blowing-pipe could be connected with
a room, which could thus be filled with cool fresh air, or with
warmed air, the quantity being regulated by the speed of
the wheel. If foul air had to be drawn out, the suction-pipe
was connected with the space containing it, and the blowing -
pipe with the external air.

In the year 1736, a wheel of this desecription was erected
over the ceiling of the House of Commons, for the purpose
of drawing out the vitiated air, in the manner just described,
a man being kept constantly at work during the sitting of
the House, to turn the wheel. It was stated that this wheel
was “able to suck out the foul air, or throw in fresh, or do

Fig. 103. Fanning Wheel.



238 TRIAL OF THE TAN

both at once, according as the Speaker is pleased to command
it, whose order the ventilator waits to receive every day of
the session.” This apparatus continued to be used for venti-
lating the House until the year 1791, when the chief clerk
of the House, Mr. Holland, proposed its removal from the
room over his own private apartments, to the centre of the roof
immediately over the House, as being a more advantageous
position. This was accordingly done, and continued in
operation until 1817, when a similar contrivance was recom-
mended for the ventilation of the House of Lords. It was
not, however, erected, for in 1820 the whole business of
warming and ventilating both Houses was entrusted to the
Marquis of Chabannes, whose plan will be noticed in the
next chapter.

But to return to Dr. Desaguliers. About the time when
he was engaged in ventilating the House of Commons, the
attention of Government was directed to the want of venti-
lation in the ships of the Royal Navy, in consequence of the
bad health of the troops that were embarked at Spithead, to
proceed on an expedition against the Spaniards. Numbers
were relanded and sent to the hospital, and the ships are
said to have ““stunk to such a degree that they infected
one another.” ¢ The Lords of the Admiralty applied to
Dr. Desaguliers, to show them the model of his centrifugal
wheel and air-pipes; and after the exhibition, some of them
went to see the operation of the wheel fixed over the House
of Commons. Sir Jacob Ackworth, the Surveyor of the
Navy, attended them, and seemed to approve of the machine
as much as they did; and the Doctor was ordered to malke
a blowing-wheel, with its pipes, to be tried on board the
Kinsale at Woolwich, but less than that at the House of
Commons, that it might not take up too much room in the
ghip.” Accordingly, the Doctor attended with a small
wheel, but Sir Jacob did not condescend to be present. The
machine was said to answer admirably. A quantity of pitch
and other substances was burnt in the earpenter’s room, and
the smoke arising therefrom was drawn above deck by a
few turns of the wheel. On reversing the valves, air was
forced between decks with great energy. IEvery one present
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was delighted with the action of this ventilator, and Sir
Jacob, hearing of its success, appointed another day for a
repetition of the experiment, but requested the Doctor not
to attend himself, but to send his carpenter with the apparatus.
The particulars of this trial are amusingly told in a letter
from the carpenter, Kembel Whattley, to Dr. Desaguliers.
—“ When Sir Jacob came on board, he was very complaisant
to me, and asked me if I was the person that was appointed
by Dr. Desaguliers to attend him in order to try the experi-
ment of the air machine, and I told him I was. Then said
he to the men, ‘ hoist the wind-sails ;’ and the wind-sails were
hoisted. ‘Now,’ says he to me, ‘we have cut two scuttle-
holes at each end of the ship, and you shall see what the
wind-sails will do. It is our old way when at sea ;’ and while
they were hoisting the sails, I went down under deck to put
the engine in order. But I had not been there long, before
I was called for. So when I came up, it was to see that the
wind-sails that were put down would blow out a candle at
one of the scuttle-holes. ¢ Now,’ said he, ‘I would have yon
work the engine, and see whether that will throw out so
much air as our wind-sails you see do.” *Lord! sir, said
I, “ that, I imagine, was not the intent of the thing; it was
to draw out the foul air from any part of the ship that there
were tubes to convey it from. It i1s impossible that a thing
which is but 3 inches by 5, should throw in as much air as a
thing 2 feet 6 inches diameter.” So we talked awhile, and
at last he told me that he could not stay, but that he had
thought so before, and that he was sorry that the machine
would not do. ‘DPray, sir, said I, ‘let there be a great
smoke made in the carpenter’s store-room, and see whether
the engine or your wind-sails will destroy it first.” Then he
told me that he could not possibly stay ; ¢ but that gentleman
there,” said he, pointing to a pretty lusty man that was
present, ‘ shall be with you, and he and you may try the
machine as you please; and I shall think the same of it,
from his veport, as if I were present. So, sir, it was then
left to the gentleman and me to try it; and I burned pitch
in the carpenter’s store-room, and made a great smoke, and
ordered the engine to be worked, and drew it out in less
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than five minutes’ time. Then I turned the valves, and
brought in fresh air ; and, as I thought, it gave the gentleman
entire satisfaction ; but, however, we made as great a smoke
as before, and put down the wind-sails, and then the smoke
was driven into several parts of the ship—and that not in
half the time that your engine did it; and then it went out
above deck. BSir Jacob told me afterwards that he was sorry
that it succeeded no better, but he thought it might be a
very pretty thing in a house. Sir Jacob desires his humble
service to you.”

Dr, Desaguliers complains justly, that “not one of the
Lords of the Admiralty, who talked of having many of the
ventilators made for the preservation of the health of the
persons then going to Jamaica, condescended to witness one
experiment ; and Sir Jacob, who condemned the thing, would
not once be present to observe its operation. DBut thus ended
my scheme, which, I hoped, would have been of great benefit
to the public.”

The great objection to this plan for ventilating ships, is the
necessity of employing men to turn the wheel. The dangers
arising from defective ventilation are not of that obvious
character which, in many other cases, lead men at once to
seek out and apply the remedy. The aerial poison is invisible,
and, although chemists and educated persons, who study its
nature, are aware of its insidious action in inducing disease
and undermining the health, it is difficult to persuade the
multitude, whether of subordinates or of persons in authority,
that pure air is as necessary to health and vigour of body, as
food, and sleep, and cleanliness. On board a ship every one
has his regular routine duties, the use of which are obvious
to those who command as well as to those who perform them,
and they are accordingly performed with cheerfulness. But
to give the common sailor, in addition to his other duties, the
task of turning a wheel for the purpose of pumping out air
from between decks, is not likely to be of obvious utility,
either to him, or to many of his commanding officers. No
syvstem of ventilating apparatus is ever likely to be adapted
to the conditions of a ship, unless it resembles the excellent
system of lightning conductors, invented by Sir W. Snow
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Harris ; it must be always in its place, ready for use, under
all possible circumstances, whether wanted or not, Defore
Harris's conductors were introduced, every ship was furnished
with a set of movable conductors, packed up in a box, to be
taken out and applied when wanted. Now, the taking out
and erecting of these conductors was an extra duty, a special
service, and was seldom or never performed. A thunder-
storm comes on, the ship had not been struck in other storms,
why should it be struck in this ? and, accordingly, the con-
ductors are left to slumber in the hold. So with any form of
ventilating apparatus that gives extra trouble to officers or
men ; the ship's company have never been suffocated for want
of air—why should they now ? Ilence all these new-fangled
contrivances are dismissed with scorn.

Very differently circumstanced is the ventilating fan when
made a permanent fixture in a factory, and the wheel is
connected with the force which sets in motion the various
machines of the establishment. The ventilator then fulfils all
the conditions required. It is always in its place, gives no
trouble, does its duty efficiently, and requires no superin-
tendence. In speaking of the ventilation of factories, Dr. Ure
remarks, that the engineers of Manchester do not, like those
of the metropolis, trust for a sufficient supply of fresh air into
any crowded hall, to currents physically created in the atmos-
phere by the difference of temperature excited by chimney
draughts; but the factory plan is to extract the foul air in
measurable volumes, by mechanical means of the simplest and
most unfailing kind, especially by eccentric fans, made to
revolve with the rapidity of nearly 100 feet per second; and
thereby to ensure a constant renewal of the atmospliere in any
range of apartments, however large or closely crowded they
may be. The effect of one of Fairbairn and Lillie’s founr-
guinea fans upon a large factory is truly admirable. It not
only sweetens the interior space immediately, but renders the
ingress of bad odours from without impossible. In aweaving
mill near Manchester, where the ventilation was bad, the
proprietor caused a fan apparatus to be mounted. The con-
sequence soon became apparent in a curious manner. The
work-people complained that the ventilator had increased

M
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their appetite, and therefore entitled them to a correspond-
ing increase of wages,

When such a fan, placed at one end of an apartment about
200 feet long, is in full action, it throws the air so powerfully
out of it, as to create a draught at the other end of the room,
- capable of keeping a weighted door 6 inches ajar. When
connected in the attics with a horizontal pipe, into which
vertical tunnels from each room are inserted, it draws out
the air so rapidly from them, as to cause a breeze from every
part of the adjoining floors, thus producing an excess of
ventilation in the apartments. The simple and cheap con-
trivance of perforated cast-iron boxes, placed on every story
in communication with the fan, is the method now in use, A
gide and a front view of the fan are given in Figs. 104, 1035,
such as have been used of late years for ventilating factories,
for removing throngh tunnels the dust disengaged in cleaning
fibrous materials, such as cotton, hemp, &ec., for blowing air
into forge fires, and many other similar purposes. It consists
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Fig. 104. Side. Ventilating Fan. Fig. 105. Front,

of two cast-iron end plates, o A, with a central circular open-
mg, ¢ ¢ ¢, from the circumference of which the outline of
each plate enlarges spirally, the point nearest the centre
being near d, and that furthest off being under . This
pair of parallel plates is connected by bolts, a @ @, a mantle of
sheet iron being previously inserted into grooves cast in the
edges of the end plates, so as to enclose a cavity with an
elongated outlet at B, to which a pipe is attached for carrying
off the air in any direction. Within this cavity a shaft, c,
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revolves in bearings, b b, placed centrally in the frame-
plates, A A. On this shaft a boss i1s wedged fast, bearing
five flat arms, ¢ ¢ ¢, to which are riveted five flat plates or
wires, of the shapes shown between ¢ and @, in Fig. 104,
having a semi-circular piece cut out of them on each side,
about the size of the end opening. On one side of the shaft,
¢, beyond the box-bearing, the fast and loose pulleys, b, are
fitted for receiving the driving band, and for turning the
wings in the direction shown by the arrow. Thus the air is
driven before them out of the end orifice, B, while it enters
by the side openings at ¢ ¢ . By the centrifugal force of
the revolving wings, the air is condensed towards their
extremities, and makes its escape from the pressure through
the orifice B, while it is continually drawn in at the sides by
its tendency to restore the equilibrium. The fans are some-
times constructed so as to have their mantles concentric with
their central shafts, as in Dr. Desaguliers’ fan. The im-
proved fan (shown in Fig. 105), is called the eccentric. The
air which escapes through the outlet B has undergone com-
pression during its whole progress through the spiral space
with the revolving wings, and is equal in density to that
compressed at their extremities by the centrifugal force.
The fan, therefore, discharges considerably more air than
that with a chamber concentric with its wings (as in Fig. 101),
because in the concentric fan there is considerable loss of
power, on, account of a large quantity of air being carried
round by the leaves of the fan, instead of passing out through
the discharge pipe at the circumference; but in the eccentric
fan, each wing or leaf, in passing the point d, acts as a valve
to cut off the entrance of the uncondensed air, which would
cause an eddy, and retard the proper current by the inertia
of its particles. When the fan is required to draw air out of
a series of independent rooms, it has its cireular side open-
ings, ¢ ¢ ¢, enclosed within caps, which are connected with
pipes communicating with such rooms, Slide or throstle
valves may be placed in the exhausting, as well as the con-
densing pipes, for regulating the distribution of the rarefying
or blowing power.*
* ¢ Philesophy of It[anufag;urcs.” London, 1835,
M <
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The fan produces its greatest effect when the extreme
points of its leaves move through about 80 feet per second.
The mean velocity of that portion of the vanes by which
the air is discharged, is about seven-eighths of the veloeity
of the extremities; but owing to the inertia of the air,
there will be a loss in the wvelocity of the issning current
which will increase with the increased speed of the wvanes,
so that, in general, the current will be discharged with a
velocity equal to about three-fourths of the velocity of the
extremities. This velocity measured in feet per second,
multiplied by the area of the discharge pipe in square feet,
will give the number of cubic feet of air discharged per
second. If the effective velocity of the vanes be 70 feet per
second, and the sectional arca of the discharge tube be three
square feet, then 70 X 3 = 210 cubic feet of air discharged
per second, or 12,600 cubic feet per minute. As a cubic
foot of air weighs 527 grains, there will be about 13 cubic

w = 969 Ibs. weight

of air set in motion per minute, with a velocity of 70 feet
per second. The height from which a heavy body must fall
in order to acquire a velocity of TO feet per second is 76.5
feet, which, multiplied by the number of pounds weight
moved per minute, will give the power necessary to discharge
this quantity of air at the stated velocity ; and this product
divided by 33,000 (the number of pounds weight that one
horse will raise one foot high per minute), will give the amount
! : 76.5 X 969 _
of steam power required. Therefore 33.000 2.24, or
nearly 21 horses’ power will be required to discharge the
given quantity of air at the velocity stated.*

The Reform Club-house in London is ventilated by a fan
capable of throwing 11,000 cubie feet of air per minute into
a subterranean tunnel under the basement story. The con-
densed steam from the small engine that works the fan,
supplies three cast-iron chests with the heat required for
warming the building. At the General Post-Office, London,
a fan is also used as the ventilating force for a scheme of

feet of air to a pound; therefore

# Ure, “ Philosophical Transactions.” Hood, “ Warming and Ventilation.”
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ventilation contrived by Mr. E. A. Cowper. Air is intro-
duced into the large rooms, kitchens, &e., by means of a main
trunk communicating with the open air at the top of the
building, while at the bottom of the main is a large fan
driven by steam power, which forces air through the main
at the rate of about 30 feet per second. The air on entering
the main is filtered by means of three screens of wire gauze
with different sized apertures placed vertieally, with pockets
beneath for the reception of solid matter. Some idea may
be formed of the amount of solid impurities in the air of
London, from the fact that the meshes get choked in the
course of a few days, and require to be cleaned with a brush,
while in the course of ten days dirt accumulates in the
pockets to the depth of an inch. Three degrees of fineness
are used for the wire gauze, the coarsest containing 12
meshes to the linear inch, the medium size 16 meshes, and
the finest 20 meshes. From the main shaft are branch
mains proceeding to each room, and in each room are
branches connected with them by a certain fixed size of
aperture, or by valves, so as to supply a certain definite
quantity of air in a given time to the room. The air is
diffused from the branches by means of holes £ inch in
diameter. These perforated branches ramify under all the
tables, and are placed wherever they are required. In the
large room, which is 90 feet long by 50 feet wide, and where
200 people are often assembled, the relief afforded by this
arrangement was very remarkable, It may, perhaps, be
supposed that the air streaming into a building from these
perforated trunks may produce the unpleasant effect of a
draught from every aperture; but Mr, Cowper finds that
when the air enters the main at no greater velocity than
2} feet per second, no draught is felt, This velocity is
reduced to about 1} foot per second in the branches, and so
little is this felt, that the men cannot tell when the fan is at
rest or in motion, except in the former case by the dete-
rioration of the air, which does not happen in the latter.
Mr, Cowper’s three conditions for successful ventilation are—
1st, Let the air enter with small velocity ; 2ndly, Be sure
that it does enter, or in other words, employ a ventilating
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force such as a fan; and 3rdly, Give plenty of area, so that
enough air may enter at the small velocity mentioned. In a
large building the air in the main should be kept under a
slight pressure, such as that of %ths of an inch of water.
The foul air is got rid of by suitable openings, and the
products of combustion from the gas are removed by placing
a funnel over each gas flame ; the funnel has an opening of
6 inches at the mouth, and is connected with a 1% inch pipe
discharging into a chimney, or_ into the outer air. The
distance between the top of the lamp glass and the bottom
of the funnel should be about 1} inch, so as not to point th
flame, It is an advantage to keep the pipe hot (but not so
hot as to melt the solder), in order that the water produced
by the combustion of the gas may be kept in the state of
vapour. Galvanised iron answers well as the material for
these pipes, which, of course, improve the air of the room by
acting as a ventilating force.

The Archimedean serew has been proposed as a substitute
for the fan in the ventilation of buildings; but it appears to
be in every respect an inferior machine. The merit has
been claimed for it of being entirely self-acling, requiring no
power to set it in motion, except the ascensive force of the
vitiated air itself, which, acting on the threads or spirals of
the screw, causes it to revolve, and so effects the discharge.
It is evident, however, that unless driven by power, the
Archimedean screw can have no effect, except to retard the
ascent of the current of air, just as the small screws, or
smoke-jacks, which spin so merrily in kitchen-windows and
in bakers’ shops, are driven by the air, and do not, of course,
assist in the ventilation : they may do some service in dis-
persing the air so as to prevent it from pouring in in a
torrent, but this effect may be produced by means of perforated
zine, wire gauze, &c. In one of the hospitals at Paris, air is
pmpelled by an Archimedean screw worked by a steam-
engine, with, it is said, less loss of force than by the fan-
blowers, and by an ingenious provision the pitch of the
serew is made to adapt 1tself to the velocity of the engine, an
arrangement by which the air current is maintained at a
aniform strength.
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Pumps and bellows have also had their share of atention
as instrnments of ventilation. At the time when Dr. Desa-
guliers was endeavouring to get his ventilating fans intro-
duced into the navy, Dr. Hales came forward with a rival
scheme, which he termed the “ship’s lungs,” and he was
applied to by Government to fix his apparatus on board the
Captain, a seventy gun ship, by way of experiment. A
double ventilator of this kind is shown in Iig. 106. It con-
sisted of two outer cases, B D @ ¢, each 10 feet long, 41 feet
wide, and 13 inches deep inside. The midriff or valve, z
(Fig. 107), was framed of wood, and fixed at one end to each
case by iron hinges, and a slip of leather was nailed over the
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Fig. 106. Hales's Ventilator.

whole length of the joint, to make it air-tight, This valve
moved easily up and down, as near the surface of each case
as possible. Tron rods, r» r, were fixed about 6 inches from
the movable end of the midriff at x, and were furnished
with joints made like two links in a chain, to allow them
to preserve a perpendicular position in the motion caused by
the rising and falling of the midriffs. The upper ends of
these rods were attached to a lever, ¢ v, 12 feet long, moving
on a pivot at o, and capable of being worked by two men.
The valves marked 1 to 8, each 22 inches long, 6 inches
deep, and suspended by copper hinges, were an inch broader
and longer than the openings; and their borders, as well
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as the corresponding borders of the valve openings, were
lined with list or woollen cloth, to deaden their noise when
falling. A box with a
large aperture covered
~]B the emission valves, from
e

ﬁ which the air was con-
El' veyed by a pipe into the
/ part of the ship that
O was to be wventilated.
/ Thus it will be seen

= that the construction of
Fig. 107. Ventilator opened, showing the : i
Vilve this machine closely re-

sembles that of the com-
mon bellows. The air enters by those valves which are
hinged to open inwards, and is emitted at each rise and fall
of the midriff, through the valves which are hung so as to
open outwards into the covering-box, whence it is conveyed
through a tube to the parts of the ship requiring ventilation.

Dr. Hales calculated that his machine would expel a tun
of air at each stroke, or 6 tuns per minute ; and that the air
issned from the aperture with a velocity of twenty-five miles
an hour. This estimate is far too high, and the machine
iteelf is far inferior to that of his amiable rival, Dr. Desa-
guliers; indeed, the use of the rotatory fan at the present
day, and the total practical oblivion of the “ ship’s lungs,”
is a sufficient commentary on the respective merits of the
two inventions.

In the experiment in the Captain, Sir Jacob Ackworth
condescended to be present, and appears to have behaved to
Dr. Hales with civility. It is very probable that on this
occasion, the objection urged against this machine was, that
it was not self-acting, but required too constant attention of
the seamen to be of any use, for the Doctor, in his treatise,
endeavours to combat such objections in the following
terms :—* As to the labour and diffienlty of working these
ventilators, how frivolous and groundless it is when the
matter is rightly considered; for as they are chiefly wanted
where there is a great number of men, so the labour of it,
equally divided among them, is very inconsiderable ; for if
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two men can hold to work them for a quarter of an hour,
four men, by changing hands—spell and spell, as they term it
—may well work for an hour. And suppose there be 500 or
480 men in a ship, and every one takes his share of the
work, then, once in five days, it will come to every man’s
turn to work at it for half an hour. And suppose there be
in a transport or Guinea slave ship 200 men, as there 1s often
about that number, then it will come to every man’s turn to
work the ventilators for half an hour once in forty-eight hours ;
but here, as the ventilators will be less than the above described
ventilators, so will the labour of working them be also less.
This, supposing it necessary to do it incessantly night and day,
which need not be in a man-of-war when the port-holes can
be opened, and there is any degree of wind ; which, suppose
it be half the time of the ecrew’s being on ship-board, then it
will come to each man’s turn but once in ten days. This
calculation is made on a supposition that every individual
takes his turn at the ventilator ; but let us allow an abate-
ment of one-fifth for officers, sick, &e., then will the work be
no more than half an hour to each man in eight days. Dut
suppose it were to be incessant, can half an hour in five days
be thought so hard and great a degree of labour as to render
the working of the ventilators an impracticable thing ? Is
not the benefit proposed thereby, viz., the saving yearly of
the lives of thousands, a sufficient reward for so small a
pittance of labour? Shall it be said of the brave and un-
daunted sailor, that rather than pull his hand out of his
bosom, and work for an hour once in ten days, he will choose
to lie down and suffer his brave manly spirit to be suffocated
in a frowsy stench—a stench that has destroyed the lives of
nillions of the stoutest and bravest, for the lamp of life is
sooner thereby quenched than many are aware of.”#

#* The title of this book is curious, and it promises more than the machines
described in it were calculated to perform. It is as follows:—“ A description
of Ventilators, whereby great quantities of fresh air may with ease be con-
veved into Mines, Gaols, Hospitals, Workhouses, and Ships, in exchange for
their noxious air. An account also of their great usefulness in many other
respects; as in preserving all sorts of grain dry and sweet, and free from
being destroyed by weevils both in granaries and shi{:s, and in preserving
many other sorts of goods; as also in drying corn, malt, hops, gunpowder, &e.,
and for many other useful purposes. Which was read before the Royal

M 3
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All this. argument is perfectly sound, and it must be
admitted, that each sailor ought to “ work for an hour once
in ten days,” in order to keep the ship well ventilated. It
must also be admitted, that under the old system of lightning
conductors, the approach of every storm ought to have been
a sufficient warning to cause the erection of these safe-gnards,
in case the ship should be struck. There are many things
in life which men ought to do, and much learned and scien-
tific eloquence is repeatedly urged in favour of their doing
them ; but as indolence, indifference, and ignorance are not
easily moved to exertion, the benefit must, if possible, be
conferred without occasioning thought, trouble, or exertion
to those who are to share in its advantages.

Such a contrivance was introduced into English vessels
of war at the very time when the respective merits of Dr.
Desaguliers and Dr. Hales’s schemes were being discussed.
This was Mr. Sutton’s air tubes, which will be noticed in
the next chapter. These were perfectly successful ; but as
the plan was made the subject of a patent, and some objec-
tion had been made to the paying for the use of it on board
each ship, the scheme seems to have died with the inventor,
for we find the complaints of the defective wventilation of
ships to be as numerous as ever, and no further improvement
appears to have been made until about the year 1785, when
wooden pipes about 9 inches square were introduced (for
which brass tubes were afterwards substituted), running from
between decks along the side of the ship, and opening into
the air over the gunwale of the forecastle.* The importance
of this contrivance will be seen, when it is considered that in
frigates the sleeping-places of the men are excluded from
direct communication with the external air; and that a
number of men crowded together in hammocks for hours
together in a small, dark, confined space, must be highly
injurious to health. Attempts had been made to remedy

Society in May, 1741. By Stephen Hales, D.D., F.R.S., Rector of Farring-
don, Hampshire, and Minister of Teddington, Middlesex. London, 1743.”
# This contrivance was first pointed out by Dr. Gilbert Blane, in his work
“ On the Diseases Incident to Seamen” (London, 1785), and the idea was
puggested to him from a similar contrivance in La Nymphe, a French frigate.
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this by small scuttles cut in the sides; but this was frequently
objected to as weakening or endangering the ship.

Among mechanical contrivances may be mentioned Dr.
Arnott's Ventilating Gasometer, worked by water power. A
cylinder or gasometer is made to move up and down in a
circular trough of water, contained with itself in a case,
furnished with wvalves, through which air 1is alternately
admitted and discharged during each ascent and descent of
the gasometer, in a manner similar to that of the blowing-
machine of an iron blast-furnace. The cylinder is snspended
from one end of the beam, and a balance weight at the other
end. Connected with the beam is a small piston, working in
a barrel, beneath which water is admitted by a pipe, con-
nected with a tank of water 60 feet above. The pressure of
this column, acting under the piston, sets the beam in motion,
and raises the ventilating eylinder to its highest position. A
cock or valve, acted on by a rod from the beam, then shuts
off the column of water, and at the same time opens a way
for the escape of the water in the small barrel. The venti-
lating cylinder, which is heavier than its counterpoise, being
thus free to move, descends by its own weight ; the water-
cock is then opened by a touch from the rod, and the piston
again rises, and produces another oscillation of the beam.
The cylinder contains about 125 cubic feet of air, and as this
moves up and down eight times per minute, it will supply
a building with 2,000 feet of fresh air in that time. In cold
weather the air may be warmed by the self-regulating stove
with water-leaves.*

# Dr. Arnott’s stove, described p. 144, &c., has been furnished by its in-
ventor with a wafersacket, forming what is called a water-stove. This jacket
forms an external case or lining to the stove, and is filled with water, which
is heated by the fire within ; thus not only is the surface of the stove a source
of heat, but it may distribute its heat to other tubes or vessels filled with
water, and the heating surface may be indefinitely increased by connecting
the pipes with very thin flat boxes of sheet copper filled with water, and set
up side by side about half an inch apart, in any convenient place, like so
many thin portfolios or books of maps. If the pipes are properly arranged,

there will be a circulation of water between these wafer-leaves, as they are
called, and the water-clad stove.
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CHAPTER III.

ON THE VENTILATION OF BUILDINGS, SHIPS, MINES, &ﬂ., BY
MEANS OF ARTIFICIAL HEAT.

Axoxa the special contrivances for producing wventilation,
combustion occupies a prominent part. By applying heat to
the air in the upper part of the ventilating tube, the air of
the place requiring ventilation is drawn upwards with in-
creased rapidity, and fresh air rushes in with a proportional
increase of rapidity to supply its place. This method of pro-
ducing artificial ventilation seems to have been first describea
by Rodolphus Agricola, in the sixteenth century. In his book,
De re Metallica, he speaks of the method of drawing the foul
air out of a mine, by suspending a large fire in the middle
of the shaft—a method which has been practised in mines
ever gince his time. This method does not appear to have
been adopted in the ventilation of erowded rooms, until the
year 1723, when Dr. Desaguliers was requested to endeavour
to improve the arrangements made some years before by
Sir Christopher Wren, for the ventilation of the House of
Commons. Wren’s plan was as follows :—A large square
hole was made in the ceiling at each corner of the House,
and over each hole, in the above room, was erected a hollow,
truncated pyramid, 6 or 8 feet high, constructed so as to be
closed at pleasure. The vitiated air of the House escaped by
these holes when the temperature was sufficient for the
purpose ; but it often happened that the colder and denser
air of the upper room not only stopped the ascending current,
but poured down in cataracts upon the members below. This
defective arrangement was remedied by Dr. Desaguliers in
an ingenious manner. Ie constructed a closet at each end
of the upper room between the pyramids, and conducted a
trunk from the pyramids to the square iron cavities that
surrounded a fire-grate in each closet. 'When, therefore, the
fires were lighted in these grates, air ascended from the
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House, through the heated cavities, into the closets, and was
thence discharged up the chimneys. This arrangement is
represented in Fig. 108, in which ¢ ¢ are the pyramids at one
extremity of the room, opening from the ceilings of the
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Fig. 103. Desaguliers’ Method of Ventilating,

House ; e e, two pipes leading from them to the fire-grate,
@b, The heat of the fire, rarefying the air in the iron
cavities, @ x, a current would be produced in e e, and the
air from the pyramids would flow out at z « into the closets,
and thence into the chimney.

The principle of this arrangement is perfectly sound, and
there is no doubt that it would have answered the purpose
required, if it had bad fair play. The cause of its failure
is curious.  Mrs, Smith, the housekeeper of the House of
Commons, feeling herself aggrieved at being disturbed in
the possession of ““ her rooms,” discovered an easy method of
persuading the honourable members that the philosopher’s
plan had failed. She carried her point, “ by not having the
fires lighted until the House had sat some time, and was very
hot; for then the air in the closets that had not been heated
went down into the House, to an air rarer and less resisting,
whereby the House became hotter instead of being cooled.
But when the fire had been lighted before the meeting of
the members, the air went up from the House into the closets
and out of their ehimneys, and continued to do so the whole
day, keeping the House very cool.” The failure of this plan
led to the introduction of the rotatory fan already noticed
(p. 237).*

* % Sir George Beaumont and some other members observing that the
design of cooling the House was frustrated, asked me, in 1736,” says the
Doctor, “if T could not find out some contrivance to draw the hot and foul
air out of the House by means of some person that should entirely depend
upon me, which I promised to do, and effected—calling the wheel a cenéri-
Jugal or blowing wheel, and the man that turned it a ventilator.” As the
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About the time of the controversy between Dr. Desaguliers
and Dr. Hales, respecting the merits of their machines for
ventilating ships, as described in the last chapter, a new rival
appeared, with a contrivance which far exceeded either of
theirs, in point of practical utility, from the circumstance of
its being self-acting. Mr. Samuel Sutton, a brewer, being
moved with compassion towards the unhappy soldiers who
were suffering in the ships at Spithead for want of fresh air,
felt himself “obliged to do all that was possible for their
relief in these unhappy circumstances,” and even submitted to
all sorts of slights and humiliations rather than forego his
laudable desire to benefit mankind in general, and the navy
in particular, by the introduction of his apparatus. 'Without
at all desiring to call in question the humane motive of
Mr. Sutton, it must still be confessed, that in the introduction
of his apparatus, he had a keen eye to his own interest. Not
that this is objectionable in any inventor, for there can be no

name of Desaguliers has been mentioned several times in these pages, a slight
notice of him may be interesting. He was born at Rochelle in March, 1633,
His father was a French Protestant refugee, who sought refuge in England
after the revocation of the Edict of Nantes. He was sent to Christ Church,
Oxford, and in 1702, when only nineteen, gave lectures on experimental
philosophy at Hart Hall. He married in 1712, settled in London, and had
the merit of first introducing to the public lectures on natural philosophy.
The novelty of the method, the earnestness of the teacher, and the beauty of
the experiments, attracted fashionable and even royal audiences. In 1714
Desaguliers was elected a Fellow of the Royal Society, and between that date
and the year 1743 he contributed to its Zransactions. He also published
volumes of léctures, &e., on natural philosophy, and translations of & Grave-
sande’s ¢ Perspective” and Nienwentyt's “ Religious Philosopher,” &e. The
spirited engravings representing feats of mechanical strength in Brewster’s
work on Natural Magic are from some admirable etchings in Desaguliers’
lectures. The Duke of Chandos made Desaguliers his chaplain, and presented
him with the living of Edgware. He also became chaplain to the Prince of
Wales. But, in spite of this apparent prosperity, there is a tradition, based
on some lines by the poet Cawthorn, that he died in great poverty.

“ Here poor, neglected Desaguliers fell !
How he who tanght two gracious kings to view
All Boyle ennobled, and all Bacon knew,
Died in a cell, without a friend to save,
Without a guinea, and without a grave!”

Desaguliers certainly did remove to lodgings over the Piazza in Covent
Garden, where he continued to give lectures, and it is very possible that he
ghared the fate of inventors, and became involved in debt. At any rate, his
sons did not inherit his poverty ; for we find that one of them was a colonel
in the Royal Artillery, and a great favourite of George III. He died
in 1775.
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doubt that a benefit conferred by a man upon his country, is
deserving of reward ; but the mixed motive is objectionable—
urging the invention forward on the plea of humanity, and,
at the same time, asking for a large pecuniary reward. When
Dr. Franklin and Count Rumford advocated the general
introduction of their inventions, on the ground of humanity,
the motive was pure and honourable, for they took out no
patent and hinted at no reward, seeking only to be useful to
their fellow-creatures.

Mr. Sutton’s invention is, however, meritorious, and in his
curious and amusing narrative,* we read a minute account
of its origin and progress. It originated in the following
circumstance, In a room which had three fire-places, the
windows and doors were made to fit as tightly as possible,
so as to exclude the external air. Having made a large fire
in two of the fire-places, it was found, maturally enough, that
the wind came down the chimney of the third fire-place with
such force as to blow out a candle. 'This suggested the idea
of ventilating the different parts of a ship; for as a fire is
always kept burning on board, it was supposed that a pipe
or cavity opening from any part of the ship to the fire, would
draw the air along it to feed the fire, thus occasioning a fresh
supply to the part of the ship whence the air was subtracted.
This idea being once conceived, Sutton sought every-oppor-
tunity of consulting naval men on the subject of the ventila-
tion of a ship. On one occasion, he says, ““ being at a coffee-
house near the Admiralty, I placed myself nigh some gentle-
men of the navy, and inquired of them, as I had before of
others, as to the usefulness of the forementioned change of
air, who all, to a man, acknowledged that it would be of the
utmost service, and upon their unanimous approbation of it,
I told them that I could procure such a change of air; upon
which one of the company went to another table, and the
rest followed him ; and I heard him tell the others that he

¥ ¢« An Historical Account of a New Method for extracting the Foul Air out
of Ships, &c.” By Samuel Sutton. London, 1745. A second edition was
published in 1749, containing two favourable accounts of the invention,
read before the Rmal Society by Dr. Mead and Mr. Watson, and a Discourse

on the Scurvy, by Dr. Mead, who thought that that fatal disease would be
greatly mitigated by the introduction of Sutton’s apparatus on board ships.
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heartily pitied me as being really mad, and out of my senses.”
Sutton had solicited an interview with the Lords of the
Admiralty, which was granted, and he received a letter of
introduction to Sir Jacob Ackworth. On presenting it, a
- meeting was appointed five days afterwards at seven in the
morning. The brewer was punctual, but the knight kept
him waiting the whole day, and it was not till the evening
that he condescended to exchange a few words with him :
“Sir, I suppose you intend to throw air into the wells of
ships ?” “No; I propose to draw it out by means of fire.”
“ Do you know how far you are to draw it out?” *“ Not 6
inches; for if I can extract it never so small a distance, the
incumbent air will press forward, of counrse, and cause a con-
stant change.” Sutton then expressed a hope that a time
might be appointed for a trial of his scheme, but the knight
replied that no experiment should be made, if he could hinder
it. This unmannerly treatment did not daunt the brewer.
He petitioned the Lords of the Admiralty, and obtained an
order to make an experiment in a ship of war at Woolwich.
Whereupon he proceeded to erect his apparatus, and had
completed it, except the soldering of two pipes, when a
messenger from the builder of His Majesty’s yard appeared,
and ordered the workmen ashore. In spite of all remon-
strances, the work was suspended, and next day the apparatus
was taken down, and the holes were plugged up. Under
these discouraging circumstances, Sutton introduced himself
to Dr. Mead, the king’s physician, who at once encouraged
the scheme, and succeeded in getting Martin Folkes, the
President of the Royal Society, to favour it. Under this
powerful patronage, the Admiralty were induced to order a
trial to be made of the apparatus on board any of His Majesty’s
ships in the river. Accordingly, Sutton fixed upon the hulk
at Deptford, but he had great difficulty in getting his orders
executed : the workmen of the King's Yard “were busily
employed in trying the usefulness of another machise, in-
dustriously set on foot to supplant mine.” “The excessive
shyness and caution of the gentlemen of the yard led me to
conclude that my scheme at last would be set aside, in spite
of all the steps I could take to prevent it; and I was con-
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firmed in this opinion when I found the pipes were made of
wood between 5 and 6 inches wide, in such an unworkman-
like manner, that to render them tight, T was forced to get
size and paper from Deptford to put over the joints; and
that, moreover, many hands were employed in erecting wind-
sails, in order to show that they could thereby procure as
much air as my scheme would afford.” But, at length, in
September, 1741, the trial was made before some of the
Lords of ths Admiralty, the Commissioners of the Navy,
Dr. Mead, Martin Folkes, Esq., and several other members
of the Royal Society. Sir Jacob Ackworth welcomed this
distinguished company, by remarking, “ I am sorry that yon
are come to see the trial of such a foolish experiment, that I
tried myself yesterday, and 1t would not shake a candle.”
Sutton ventured to reply that the apparatus would be in good
humour that day, and that the end of every one of the pipes
would blow out a candle. The experiment was accordingly
made, and although Sutton complains that the tarpaulins
which he had placed over the hatches had been removed, the
success was complete, and his friends were satisfied.* The
result of this trial was, that in November following, Sutton
was sent by the Lords of the Admiralty to Portsmouth to fit
up his apparatus in the Norwich man-of-war. Sir Charles
Wager gave him a letter to the Commissioner at Portsmouth,
in which he sensibly remarks, * this contrivance is approved
by much wiser men than I am in such things, and, therefore,
I desire you would let Mr. Sutton have all the encouragement
and assistance you can give him.” He also requests that
Sutton may “meet with no obstruction or discouragement
from anybody that may think themselves wiser.” After this, as
may be supposed, Sutton had nothing to complain of in the
Portsmouth dockyard.

Sutton now thought it high time to ask for a “suitable
reward for his useful invention, and reasonable satisfaction for
his trouble, loss of time to the neglect of his other affairs,

# Mr. Watson reported to the Royal Society that Sutton’s machine brought
up air “from the bread-room, orlop, and well of the ship at the same time, in
such quantity, that large lighted candles being put to the end of the tubes,

the flame was immediately sucked out as fast as applied, though the end of
one of the tubes was above 20 yards distant from the fire.”
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and expenses in the execution of the same.” He plied the
Admiralty with petitions, but received no answer until the
11th June, 1743, when he was furnished with an extract from
a letter from the captain of the Norwich, containing his
report as to the working of the apparatus on a voyage to the
Coast of Guinea, the West Indies, and back. The captain’s
report is as follows :—*“As to the air-pipes which were put
on board of me, I was obliged to stop up two of them, by
reason the fire came down between decks—the other, to the
well, was kept open ; but the ship making water enough to
leep her sweet, I was not able to judge of their use, having
been so healthy as to bury only two men all the time I was
on the coast.” The healthy state of the crew during such a
voyage was, at the period to which we now refer, something
so extraordinary, that the captain’s report, which was intended
to condemn the scheme, is really a high euloginm on it,
seeing that one of the pipes was allowed to remain open during
the whole voyage.

At length the Admiralty made their report, in which they
stated that the apparatus *“ does not, in all respects, come up
to the expectation, and that the use thereof is dangerous and
liable to accidents by fire; yet as the said Mr. Sutton has
employed a great deal of pains and time about the said in-
vention for the benefit of the navy, and had encouragement
from their Lordships to do so, and their Lordships, being
desirous to give encouragement to persons who shall turn
their thoughts to any inventions that may tend to the advan-
tage of the navy,” directed him to be rewarded with the sum
of one hundred pounds! Of course Mr. Sutton was very
much disappointed, and very angry. He attributes his
failure to the undue preference given to Dr. Hales's venti-
lators,

Mr. Sutton received the hundred pounds “ on account,” and
did not cease to urge the merits of his invention upon the
Admiralty, until he got an order to have his apparatus fitted
to several ships. He then looked out eagerly for the reports
of their respective commanders, and was fortunate in getting

a favourable return from Admiral Boscawen, dated Table
Bay, 9th April, 1748, in which he says, “I cannot help
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thinking the air-pipes fixed in the men-of-war have been of
great service, by purifying the air between decks, and thereby
preventing the scurvy.” After this, the career of Sutton was
crowned with success, which he modestly attributes to “ the
wisdom and zeal of the present Right Honourable the Lords
of the Admiralty, and the Right Honourable and Honourable
the principal officers and Commissioners of Ilis Majesty’s
Navy, who, having taken the whole affair into their serious
consideration, were so thoroughly satisfied of the great ad-
vantage that must accrue to the nation from the faithful
execution of my scheme, that they have contracted with me
for fixing my engine on board His Majesty’s ships, whether
laid up or in commission.” As Sutton makes no further
complaint, we must suppose he was satisfied with the peca-
niary part of the arrangement. As to his zeal for the good
of his country, which he talks so much about, he took care
that no one but himself should derive pecuniary benefit from
the plan, by securing his invention by a patent.* This,
however, at length proved more fatal to the scheme than the
powerful opposition of Sir Jacob Ackworth, and the cool
indifference of the Lords of the Admiralty. Sutton charged
£30 for each ship of the Royal Navy, or of the East India
Company, into which the apparatus was proposed to be
introduced ; and as this was thought too much for a benefit
which many persons in authority were disposed to question,
the scheme was abandoned in a year or two, and, after the
death of Sutton, all trace of its existence seems to have been
eradicated from the minds of ship-builders and seamen, and
Sir Jacob was left in undisturbed possession of his favourite
wind-sails.

Mr. Watson’s paper, which was read before the Royal
Society, contains a very good account of Sutton’s invention.
He describes the copper used for boiling the ship's provi-
sions, and the method of fixing it, with two openings below,
divided by an iron grate. The first opening, having an iron

* The application of the machine, as stated in the patent, is for removing
noxious air from “mines and caverns in the earth, dungeons, prisons, and all
infected places.” It may also be used in * hot-houses and walls, which will
greatly warm the earth for the speedy production of its fruits, and also in
granaries, for the preservation of corn and grain.”



200 DETAILS OF SUTTON’S METHOD.

door, is for the fire, the other for the ashes. In ordinarv
cases, the combustion of the fire is supported by air drawn
through the ash-pit; but, on board ship, as both the fire
hole and the ash-pit hole are furnished with doors to prevent
the escape of fire, the air must be supplied by some other
means, Accordingly, one or more holes, » s, Fig. 109,* are
made through the brickwork in the side of the ash-pit, u,
and tubes of lead or copper are fitted closely thercin, and
conducted from thence into the
well, and other parts of the ship;
thus drawing oft therefrom the
foul air, and, sending it through
the fire, v, it escapes up the chim-
. ney. At the same time, a supply
Fig. 109. Ash-pit and Tubes, ©Of fresh air rushes in at openings
about the ship, to occupy the place

of the bad air. This circulation of air not only goes on
~ while the fire is burning, but so long as the fire-place,
copper, or brickwork remain warm, as was observed on
board the hulk at Deptford, when the draught of air through
the tube lasted about twelve hours after the fire was taken
away. “This being considered, as the dressing the pro-
visions for a number of people will take np some hours every
day, the warmth of the brickwork and flues will continue a
draught of air from one day to the next, Mr, Sutton proposes
thus to circulate the air by the same and no greater expense
of fire, than is customarily used for the necessities of the
ship.” The larger the ship, the greater the number of men
on board, and the larger the quantity of provisions, so that
more time and fuel will be required in preparing them, and
the more perfect will be the ventilation. The size and
number of the tubes is of little consequence, for the larger
the tubes, and the greater their number, the less the velocity
of the air, and vice versd. Mr. Watson notices, as an essen-
tial condition of the perfect action of the tubes, that both the
fire door and the ash-pit door be kept closed. In large ships

* In the plan, Fig. 110, B is the ash-pit, £ £ the copper pipes opening into
it, ¢ the oven, D a vent-hole, and X x the pipes, continued to any part of
the ship.

e =
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there is not only a copper but also a fire-grate, 1 (Fig. 110),
like that used in kitchens. Behind this grate, copper tubes,
r ¥, were also fixed and carried through the brickwork, so
that one extremity thereof projected about a foot into the
chimney, @, and the other Al

end opened into the hold, =
or any other part of the H/,r/”//
ship; so that the air rushed & _,«y

along this tube into the

dranght of hot air in the Ay
chimney. To obviate the e
objection to the space oceu- |UY 35
pied by these tubes on board c A B

ship, it is advised that only |
one tube, of a convenient
size, be attached to the side | |
of the ash-pit, and, as soon | | & i
as it passes through the main | |
deck, to give it the form
which oceupies least room ;
and from this main tube,
branches might ramify to
different parts of the ship,
these branches being carried
between the beams which -
support the deck, till they
meet the sides of the ship,
where they could be con-
ducted also between the
beams into the places in-
tended.

How admirably adapted
is this plan to the wventila-
lation of steamers. A large central trunk might be made
to feed the furnace, and into this trunk smaller branches from
every cabin and sleeping berth might discharge their foul
air, and thus maintain every part of the vessel in a state of
perfeet salubrity. That Sutton’s plan has not been entirely
forgotten, is evident from its having been applied in order to

Fig. 110. Plan and Elevation of

Sutton’s Method.
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get rid of the offensive effluvia arising from the coppers ot
soap-boilers, tallow-melters, and others, which often become
a nuisance to a whole neighbourhood. The copper is set
in the usual manner, and the furnace and ash-pit fur-
nished with doors, so as to admit of being perfectly closed ;
the lid of the boiler is made to fit very tight, and a pipe
rising from it is carried into a channel which opens into the
ash-pit ; the feetid matters rising from the boiler are in this
way made to pass through the fire into the smoke-flue. This
plan is said to have answered perfectly, so that a factory,
which was formerly most offensive, became entirely free from
offensive odours.

In the two schemes thus detailed, that of Dr. Desaguliers,
for ventilating the House of Commons, and that of Mr. Sutton,
for ventilating ships, &e., we have the principle of ventilating
by artificial heat carried out with perfect success. A large
number of plans have been subsequently contrived on the
gsame principle, many of them made subjects of patents; and,
although it is more than probable that the respective inven-
tors not only did not copy them from, but had never heard of
either of the plans above described, yet, as they are identical
in principle, and very similar in detail, it is not necessary to
particularise them. A few examples, however, may be noticed
of the ventilating of public buildings, and as the House of
Commons has often been made the subject of experiment in
this way, as already noticed, it may be interesting to state a
few particulars respecting the warming and ventilation of the
House of Lords.

Sir Humphry Davy having been requested to devise some
scheme for the purpose, submitted to the Lords Commissioners,
in February, 1810, his proposals ; and in September, 1811,
in a letter to the Earl of Liverpool, he thus briefly recapitu-
lates the heads of his plan :—* To convey fresh air into the
House, I propose flues of single brick connected with the flues
for sending hot air through the vaults under the floor, and I
propose that this fresh air should be admitted by numerous
apertures in the floor of the House, and supplied to the flues
by pipes of copper or plate iron from the free atmosphere.
The air in this case will be always fresh, and, by regulating
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the fire, may be more or less heated, according as the tem-
- perature of the room is low or high.

“To carry off the foul air, I propose two chimneys, or tubes
made of copper, placed above the ventilators, and connected
with wrought iron tubes, which can be heated by a small fire,
- if a great draught is necessary, as in cases when the House
s full,

““ Should this plan be adopted, there would be no necessity
for opening windows ; the foul air would be carried off from
above ; warm air, or cold air, whichever is necessary, may be
supplied from below, and there would not be, as now, any
stagnation of air.”

The plan accompanying this letter, of which the above is
an extract, is shown in Fig. 111. v is one of the ventilating
apertures in the ceiling of the
House, covered with a chimney
of copper, ¢ ; this is continued
by an iron tube, 1, which passes
through a small furnace, r. ¢
is another copper tube con-
nected with the iron one. The
. upper end of this tnbe was only
1 foot in diameter; it opened
into a cowl on the roof. The
furnace, r, was contained in a
fire-proof house, erected for
the purpose on the roof.

This plan does not seem to
have been very successful ; for
Mr. Adam Lee, in his Report
to the Lords’ Committee in
June, 1813, states, that on very
crowded nights it was impos-

: Fig. 111, Sir H. D Method of
sible, by means of the present = ﬁimnat?gs o

ventilators, to draw off the

heated air; the temperature in the House frequently rose to
80°, and would have been higher if the windows had not been
open. Instead of the ventilation pipe, 1 foot in diameter, it
was proposed to erect enlarged pipes of 3 feet diameter, fur-
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nished with registers to close them, to prevent cold air from
blowing into the House when the ventilation was not wanted,
These pipes were to be conveyed in an oblique direction to
the fire-proof house, and to be capped at the top with a cowl-
head. The fire to the ventilator was considered unnecessary,
and even objectionable, on account of smoke getting into the
House down the ventilator. “ I have, at various times, taken
an opportunity,’ says Mr. Lee, “ of going on the top of the
House, and have put my head over the ventilation pipe when
the fire wag at full heat, and have not perceived the hot air
coming from the House. I have likewise tried, at other times,
without fire, and have found a very strong current of hot air
from the body of the House.”*

Mr. Lee’s plan for ventilation was tried and failed. There
is no doubt, that after abolishing the furnace, and introducing
wide tubes, a down current was as likely to be admitted
into the House, as an ascending current out of it; and
the contriver, who thought himself a wiser man than Sir
Humphry Davy, has afforded a sufficient satire on his own
improvements by proposing to place rotatory wheels in his
wide tubes, in order to make them discharge the air the
right way. It is satisfactory to learn that their lordships did
not accede to this proposal. They consulted Mr. James
Wyatt, the architect, who made some changes in the House,
and erected some apparatus. This perished in the fire, in
1834, which led to the destruction of both Houses.

In the following year, a Select Committee of the Commons
examined a number of witnesses, consisting chiefly of scientific

and practical men, with a view to discover the best, or, at

least, a good method of warming and ventilating the new
Houses of Parliament about to be erected. In their report,
the Committee advised that some plan should be systemati-
cally adopted before the commencement of the new buildings,
from a conviction that whatever plan should afterwards be
selected, “ provision should be made for its adoption, in the
first instance, by the architect, so as not only to ensure its

#* In this Report it was also stated that the flues were arranged horizontally
round the chamber of the House, 100 feet in length and upwards, and that

the smoke remained .in them for a considerable time, sometimes producing a
strong smell of sulphur in the House itself.
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success, but to prevent needless expense and inconvenience ;"
and that, for this purpose, ¢ the whole space immediately
below the two Houses, as well as that between the cciling
and the roof, be prepared and altogether reserved for such
arrangements as may be necessary for the object in view.”
'T'he plans proposed by Dr. Reid were favourably noticed,
and it was recommended that some, 1f not all, of his altera-
tions should be submitted to the test of actual experiment,
““ ag the only means of ascertaining with aceuracy the sound-
ness of the prineiples laid down in the evidence, and their
useful application to the future Houses of Parliament.”

The temporary building for the House of Commons having
been found very defective, in respect both of warmth and
ventilation, this building was placed at the disposal of Dr.
Reid. It had been warmed by the ordinary warm water
system ; the large flat tablets through which the water circu-
lated were placed in a room under the House, and occupied
a surface of about 9 feet square ; they were 4 feet high.

Dr. Reid’s arrangements were as follows :—T'wo or three
feet beneath the floor of the House, a second floor was formed,
containing about twenty apertures, each about 18 inches
square. Beneath the second or lower floor was a long pas-
sage, A, Iligs. 112,113 ; opening into this were two others of
an equal width, B and ¢ ; in the passage, B, was placed the
warm water pedestal. Large folding-doors were placed before
the entrances, and within these passages; the temperature of
the house above depended on the relative adjustment with each
other of these folding-doors. Fresh air, either warm or cold,
according to the scason, could be produced, and exchanged
from warm to cold, or tlm contlarv, as the variable external
temperature of the da}f or hour required. This will be under-
stood by referring to the section (Fig. 112) and the plan
(Iig. 113). The fresh air entered from Old Palace Yard,
through the perforated wall, p. If the folding-doors 1 and 2
were opened, and all the rest closed, the air would enter the
passage A, passing through the pedestals placed in B, and warm
air only would be supplied to the House above. If air mode-
rately warmed were required, the doors 3 and 4 were opened in
addition to 1 and 2, and two currents, one cold and the other

N
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Fig, 112. Section of temporary House of Commons, showing the Ventilating Apparatus,
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warm, were then produced, which met and blended together
in the passage a, and then ascended. If air of the external
temperature only were required, the doors 3 and 4 were alone
opened. If required to be only moderately warmed, 3 and
4 were opened, 1 half-opened, 2 closed ; the small folding-
doors, 5 and 6, were then opened, and a slight current of warm
air passed through the small passage, E, and mixed with the
cold current entering at c. The folding-doors in this passage
could likewise be opened when 3 and 4 were closed, and a
current of warm air would then be conveyed to one end of
the passage A.

The air, whether warm or cool, ascended through the aper-
tures @ a a, into the space beneath the real floor of the House.
Immediately over these openings were large platforms, sup-
ported by short feet, the effect of which was to disperse the
great body of air admitted. The air then entered through
openings made in the actual floor of the House, these open-
ings being exceedingly small, very close together, and about
300,000 in number. They were about one-sixth of an inch
in diameter on the surface of the floor, but expanded down-
wards, to prevent their being stopped with dirt or dust.
The sides of the House under the galleries were battened or
brought forward & or 6 inches, and in the space thus formed
between the framing and the wall, the air ascended and passed
out through the floors of the members’ galleries, perforated for
the purpose in the same manner. The floor of the House
and galleries was covered with a thick horse-hair matting, with
large meshes, to allow the air to ascend through them.

The force which set this great body of air in motion was
the ventilating shaft, ¢, in which a powerful npward current
was generated by means of a large fire, as will presently be
explained.

In summer, when the air transmitted into the Hounse was
required to be cool, various contrivances could be resorted to
in the chamber immediately behind the perforated wall, ».
The air might be made to pass into the chamber, A, over wet
surfaces, and be cooled by evaporation, or ice might be sus-
pended in netting between the piers in the chamber.

A new ceiling was also constructed a few feet below the

N 2
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former one, for the purpose of favouring the transmission of
gound. This ceiling was divided into three portions, the cen-
tral portion being horizontal from one end to the other ; the
other two compartments inclined so as to make an angle of
30° with the floor of the House. These two inclined pmtmns
were glazed, but the centre was panelled, so as to assist in
the ventilation of the House. An inclination was also given
to the ceiling beneatls the members’ galleries, corresponding
exactly with the inclination of the lateral compartments in
the newly constructed ceiling above.

The ventilation of the House was accomplished in the follow -
+«1g manner :—Each panel of the centre compartment of the
ceiling was raised by blocks several inches above their styles,
thus admitting the air of the House into the space, ¥, between
the Zwo ceilings. The rapid removal of this vitiated air, and
the consequent rushing in of fresh air from below, was effected
by the large shaft, @, erected in Cotton Garden, at a distance
of about 20 feet from the eastern wall of the building. About
10 feet from the surface of the ground was a very large coke
or coal fire, which produced a powerful current up the shaft.
Now the space, F, between the two ceilings of the House,
pened at the north end into a large square shaft, which was
continued downwards, and opened underground into the cir-
cular shaft, . The consequence of this arrangement was,
that when the current of hot ascending air was produced in
the circular shaft, there was a downward draught through the
square shaft, thereby rapidly withdrawing the air from within
the House, and causing the fresh air to rush into it from open-
ings in Old Palace Yard. A damper at b, in the square shaft,
regulated the draught in the shaft, ¢ ; and consequently, as it
was more or less opened, the supply of air to the Houzz could
be regulated according to the number of members present.

The height of the V&ntilating turret above the ground was
110 feet: it was 12 feet in diameter at the base, and about
8 feet at the summit.

The system thus described was in operation for some
years, and might, we think, be pronounced one of the most
extensive, and, upon the whole, most suceessful experiments
in the warming and ventilation of a building that has been
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made in this country. The arrangements showed consider-
able skill, and displayed a good knowledge of the subject.
That they were not completely successful need not excite
surprise when it is considered that the plans of some of
the most eminent scientific men have been partial failures.
That Dr. Reid should have failed in doing what he proposed
to do in the case of every building which he took in hand is
no wonder, when it is considered that each building presents
its own peculiar set of difficulties, and that the facilities are
either very few or absent altogether; for, as Dr. Birkbecl
remarked, in his evidence before the Committee, ¢ Heating
and ventilation, especially the latter, seldom enter into the
mind of the builder when he projects his building ; he begins
as if he did not know that ventilation could be necessary ; he
trusts to the doors and to the windows, to neither of which
belongs the business of ventilation. The doors admit the
occupants to the chambers; the windows the light; and
apertures ought to be introduced to admit air for ventilation
as regularly as the other openings.,” Or, as Dr. Faraday
remarked in another place, *‘the builder makes the doors
and the windows to fit as tightly as possible, and then the
poor chemist is called in to provide fresh air.” Under such
circumstances, the poor chemist can only do his best. The
laws of nature will not accommodate themselves to him ; he
can only apply them as far as they admit of application in a-
building where everything seems to have been arranged for
the express purpose of defeating their operation. And even
when the best arrangements are made which the circumstances
will admit of, their efficient working requires the constant
superintendence of a man of intelligence, instead of an ordi-
nary stoker or porter; for if the room, or court, or hall, or
church, or whatever it may be, be very crowded, the ventila-
tion must be promoted as much as possible, and the warming
restrained. If, on the contrary, the building contain only a
few persons, and the external temperature be low, the warming
must be increased, and the ventilation diminished. To meet
all the circumstances of the case, for summer and for winter,
for night and for day, without any assistance from the archi-
tect who designed the building, and your arrangements
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constantly exposed to defeat by careless attendants leaving
doors open, or by people constantly coming in or going out
—to do all this to the satisfaction of every one, is a task which
few scientific men would undertake. It was the fashion to
ery down Dr. Reid, and to call him by all sorts of ugly names :
this is very easy, as is every kind of criticism which consists
in mere abuse and fault finding ; but, although we are no
partisans of Dr. Reid, we venture to state our opinion, that
in the case of the temporary House of Commons, where
all the arrangements were left in his own hands, he suc-
ceeded in the proposed object of removing the vitiated air,
and keeping up a constant supply of warm or cool air to fill
its place. The following extract from a parliamentary docu-
ment contains, in few words, both the praise and the censure
of this system, and with this we take leave of the subject :—

“ A strong current of prepared air is nowadmitted, imme-
diately under the entire surface of the floor, which is pierced
with many thousand holes : after passing through these aper-
tures, the air is again distributed into many millions of other
holes, by means of a hair-clotl carpet, through which it is
drawn up towards the ceiling, where admirable arrangements
bave been made by Dr. Reid for discharging it through
apertures in the edges of the panels; and thus the foul air is
carried rapidly along a tunnel to feed the great furnace which
creates this current of ventilation, It is obvious that the air
so drawn up through the hair-cloth carpet must be charged
with particles of ground dust or mud from the members' feet ;
and that (so impregnated) it must be inhaled by those within
its reach. I heard many members complain that it rests upon
their faces, and enters their eyes and nostrils and mouths;
and, from woeful experience, some members know that it can
find its way to their lungs.”*

When Dr. Reid's system came to be revised, and Mr.
Goldsworthy Gurney was appointed to superintend the
arrangements for warming and ventilating the Palace of
Westminster, some of the details introduced by Dr. Reid in
the temporary House of Commons were retained, The fresh
air is taken from the courts of the palace, filtered through

* Sir F, Trench to Viscount Duncannon. Par. Pap. No. 204, Sess. 1838.
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sereens, and, during winter, warmed by being passed over iron
boxes or batteries filled with steam. During summer these
batteries are covered with wet cloths, and a number of spray
jets, formed by causing jets of water to play against small
dises of metal, which spread the water into filmy sheets, cool
down the entering air by evaporation, and charge it with the
requisite amount of moisture. These batteries and spray jets
are arranged in mixing chambers, situated immediately under
the floors of either House, and the air thus prepared streams
into the House through the perforated floor, formed of iron
arating, the floor of the raised benches being also perforated,
The perforations are covered with a porous horse-hair cloth
or matting, which prevents the upward currents from being
felt. The force which sets these currents in motion is an
enormous coke fire, maintained in one case in one of the
buttresses of the Victoria Tower, which is made hollow for
the purpose, and in the other case in a chimney-shaft of con-
siderable dimensions. These fires are connected, by means
of closed passages, with the ceilings of the two Houses,
through the raised panels of which the vitiated air escapes on
its way to maintain the combustion of the coke fires, after the
manner shown in Fig, 112, p. 266, In the lower part of the
palace is a series of steam boilers, both for high and for low
pressure steam, from which proceeds an immense assemblage
of pipes to every part of this vast structure, avhich serve either
as sources of heat or ventilating forces. The condensed
water of these pipes is returned to the boilers.

During the unusually warm weather of the summer of the
year 1858, the Thames was in a constant state of putre-
factive fermentation, in consequence of the use to which
it was so unwisely applied, namely, that of a common sewer
to a city which covers upwards of 150 square miles. The
Palace of Westminster, situated on the banks of this pesti-
ferous stream, notwithstanding its elaborate arrangements
for ventilation, had its supplies of air more than usunally
contaminated. Mr. Gurney found that the air entering the
ITouse of Peers and the House of Commons through the
proper ventilating channels could be purified from the river
cffluvia by means of the spray jets, while the air entering by
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open windows in the libraries and committee rooms looking
towards the river could be purified by causing it to filter
through canvas, moistened with a weak solution of chloride
of zine and chloride of lime, fixed to all the windows. In
the month of June, however, the river became so unusually
offensive that Mr. Gurney was compelled to report that he
could no longer be answerable for the health of the two
Houses. Accordingly various other plans were proposed for
purifying the air, among which was one by Mr. Charles
Cowper, based on Dr. Stenhouse’s experiments on the disin-
fecting powers of charcoal. It had been known from the
dime of Saussure that freshly burnt box-wood charcoal exerted
a remarkable absorptive power on gases, taking up 90 times
its own bulk of ammoniacal gas, 85 of hydrochloric acid gas,
65 of sulphurous acid, 55 of sulphuretted hydrogen, 35 of
carbonic acid, 94 of carbonic oxide, 92 of oxygen, T2 of
nitrogen, and only 1'7 of hydrogen, an order almost identical
with that of the solubility of the same gases in water., The
remarkable action of finely divided charcoal on putrescible
matter had also been known : animal matter in a high putre-
factive state ceases to be offensive when covered with a layer of
charcoal : it continues to decay, but it emits no feetid odour ;
the carbon which it evolves is dissipated as carbomnic acid,
while the hydrogen remains in the form of water, and the
nitrogen as nitric acid. The action of the charcoal has been
ghown by Dr. Stenhouse to consist in a rapid process of
oxidation, dependent on its power of condensing oxygen.
So efficient and rapid is the action of the charcoal that Dr.
Stenhouse proposed to employ a respirator filled with charcoal
as a covering to the mouth and nostrils in an infected atmo-
sphere, and to use trays or screens filled with powdered wood
charcoal in dissecting rooms, in the wards of hospitals, in
water-closets, and in places where putrescent animal matter
is present. In all such cases the disinfecting powers of char-
coal have been very apparent, Mr. Cowper proposed to
have the air for supplying the Houses of Parliament drawn
through a large chamber or room filled with sticks of charcoal
free from dust, and, as a further precaution, to draw the air
out of the base of the Cleck Tower, keeping all windows and

— S
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doors shut, so that all the air must enter at the belfry, about
200 feet or more above the ground.*

In theatres and similar places, where a large central chan-
delier is used for the purposes of illumination, advantage may
be talen thereof as a powerful ventilating agent. This was
done many years ago by the Marquis of Chabannes, who was
engaged to warm and ventilate Covent Garden Theatre ; and
his arrangements will be understood by re-
ferring to Fig. 114, in which @ is the
chandelier; d, a pipe of wrought iron for
the purpose of carrying off the heat and
the products of combustion ; e, a wooden
case, into which air flows at o and s from
the ceiling ; m m, pipes which conduct the
vitiated air from other parts of the house.
In one of the galleries was placed a furnace,
the combustion of which was supported by
the vitiated air from several tiers of boxes. ] |-

A similar furnace was placed over the stage,
and the gas chandelier ventilated the cen- , =

= =il
tre, The vitiated air from all parts of \H"’;
the house was discharged above the roof,
through three trunks, each terminating in
a cowl, . The air admitted into the
theatre to replace that which was carried G bl
off by this powerful ventilatine apparatusy Ay s
was warmed by means of a furnace, called Fig, 114. Chabannes’
a calorifére, placed at every entrance and Method.

staircase which communicated with the external air. The

* During the summer of 1859, the Thames being also in an offensive con-
dition, it was placed under the medical care of Professor Miller, of King's
College, London. The offensive condition of the river increased with the
temperature, which in July frequently reached 74° or 75, when the mud left
exposed to the action of the sun putrefied and produced a sickening stench,
and also acted as a ferment on the putrescible, but not previously putrid
matter in the body of the river. The remedy applied was to pour into the
sewers large quantities of lime, chloride of lime, and ecarbolic acid, the
deodorising effects of which were very apparent during the hot weather, and
were probably the means of preventing much sickness in the metropolis.

t The sun-lights which are now so common in public buildings act as very
energetic ventilators. They are placed high up in an excellent situation, and
must be very efficient, provided suitable means are arranged in the roof for
discharging the foul air.

N 3
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stage, and the parts behind the curtain, were warmed by
steam cylinders placed below the stage. Calorifers were also
placed at every other point whence a draught of cold air was
likely to issue. The effect of all these arrangements was,
upon the whole, satisfactory; and it is certain that this
theatre was better warmed and ventilated than any other in
London. Complaints, of course, were made. The atmo-
sphere of the house was said to have a dry and stifling effect ;
and, no doubt, in cold weather, the air must have been dry;
for, if admitted at and below the freezing temperature, and
then warmed to 65° before it was inhaled, it would feel dry.
But those who complained most loudly probably never
inquired whether pure dry air at 65° is not far better fitted
for the purposes of respiration than the vitiated air of erowded
assemblies, the moisture of which is of the most offensive
character. |

The preceding details will sufficiently illustrate the prin-
ciple upon which ventilation is conducted when fire or flame
is used as the force to give motion to the ventilating current.
The use of hot water, steam, &e., as ventilating agents, will
be noticed in another chapter. There are one or two special
applications of ventilation, in which flame and fire are con-
cerned, which belong to this chapter; these are the ventila-
tion of lighthouses and of mines.

Until within the last seven or eight years, no provision was
made for the ventilation of lighthouses, a neglect or oversight
the more extraordinary when it is considered that the
efficiency of a lighthouse depends on the brilliancy of the
light exhibited, and this, in its turn, depends on the per-
fection of the combustion. If no means be taken to carry off
the products of combustion, they must accumulate within the
lantern, and greatly interfere with the usefulness of the light,
as well as injure the health of the attendants.

Let us consider for a moment what a lighthouse- is, and
what are the nature and amount of the products of combustion
generated within it. A lighthouse may be defined as a small
room raised to the top of a tower sufficiently strong to resist
the action of the waves and wind, as in the Eddystone, and
the wind in all cases ; to bear all the beating and pelting of
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the storm, and yet to be only walled with glass. Within
this transparent room or lantern, a brilliant light or many
brilliant lights must be kept constantly burning during six-
teen hours on a winter's night, and during eight hours in
summer. According to one arrangement, a large and very
powerful lamp is fixed in the centre of the lantern, and this
burns or consumes from 12 to 14 pints of oil in one hour.
According to another arrangement, twenty or thirty small
Argand lamps, each with a polished reflector behind it, are
mounted on a revolving frame, and these consume from 15
to 20 pints of oil in one hour. :

Now, as oil in every 100 parts contains 78 parts of carbon,
11-5 parts of hydrogen, and 105 of oxygen, it will be seen
that the products of combustion must chiefly consist of water
and carbonic acid. Now there is enough hydrogen in 1 b,
of oil to produce rather more than 11b. of water; because
1 part of hydrogen combines with 8 parts of the oxygen of
the air to produce 9 parts of water.

The 78 parts of carbon in 11b. of oil will, in like manner,
produce 2%% lbs. of carbonic acid ; that is, the carbon will
deprive the air of nearly 3 Ibs. weight of its oxygen, thus
spoiling 131 Ibs., or 1724 cubic feet of air, by depriving it of
its oxygen.

Such being the products of combustion of 11b. of oil, it
is easy to ascertain the products of the combustion of 19.%;
pints of oil, the quantity consumed per hour in the Tynemouth
lighthouse. The most obvious inconvenience arises from the
water, of which not less than 20 fluid pints are produced per
hour; for that is the given quantity, if the vapour, as it is
given off, were condensed. Now the lantern itself, in cold
weather, affords a powerful means of condensation, especially
when a cold frosty wind is blowing upon it. In such case,
the vapour is not only condensed into water, but the water is
frozen, and the plate-glass of the lantern is often covered with
a crust of ice, varying from a quarter to half an inch in thick-
ness. If this ice were perfectly pure and transparent, it
would dim and distort the light; but the vapour of water
from the oil carries with it minute particles of carbon or
soot, which condense with the water, and become entangled
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with the ice, thereby producing a further opacity. The
carbonic acid is chiefly injurious to the attendants. The
men at the KEddystone lighthouse told me, some years
ago, that during the long nights of winter, they had great
difficulty of breathing in the lantern, and that the *foul
air ” descended into the sleeping apartment below, and pro-
duced great inconvenience. They also complained of the
" enormous amount of labour which they had every morning
in cleaning the glass panes of the lantern, and the difficulty of
getting rid of the ice. It was sometimes even dangerous to
serape it off, from the risk of fracturing the glass.

The attention of the Trinity Board had long been directed
to the removal of these evils, and about the year 1842 they
requested Dr. FFaraday to turn his attention to the subject.
He did so, and after visiting various lighthouses, and making
himself master of all the facts of the case, he devised a
remedy as simple and complete as conld be desired. The
results of his investigation were given by him to the members
of the Royal Institution, in a lecture, on Friday evening, the
Tth of April, 1843, which I had the privilege of attending.

In those lighthouses containing a single lamp in the centre
of the lantern, the remedy consisted in lengthening the
chimney of the lamp, or rather in placing over the glass
chimney a tube of sheet iron, and carrying it through the
roof of the lantern into the open air, the upper extremity of
this tube being defended from the weather by a cover of some
kind. In the other arrangement a central chimney was also
constructed, and over the glass chimney of each lamp was
placed one extremity of a small tube, and this tube was
curved in such a way, that the other extremity opened into
the central chimney. These tubes, one for each of the
twenty or thirty lamps, were supported by the frame which
carried the lamps and their reflectors, and as the frame
revolved, the ends of the tubes described each a small circle
within the central chimney without touching it. In this way
the small tubes carried off all the products of combustion,
without interfering with the reflectors. The result in both
cases was perfect: the central chimney over the large lamp
carried off all the products of combustion; and the short
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tubes over the lamps in the revolving lights also discharged
the products of combustion into the central chimney, and
this conveyed them to the outer air. The consequence was,
that the interior of the lantern was always dry and healthy,
and the windows remained perfectly bright. This system,
as Dr, Faraday well remarked, may be called an adaptation
of sewerage to the atmosphere. Aérial sewers are employed
to carry off the refuse of the spoiled air, instead of allowing
it to accumulate in the house or apartment.

The success which attended this simple and beautiful appli-
cation of ventilating chimneys, suggested to Dr. Faraday its
introduction into dwelling-houses, for the purpose of completely
and effectually discharging into the external air the products
of the combustion of gas-lamps. He was, moreover, incited
to this in consequence of an application from the Managing
Board of the Athenseum Club, who found that in the library
of that institution, the bindings of many of the books, espe-
cially of those on the upper shelves, were very much corroded,
an effect which was attributed to the products of combustion
arising from the gas-lamps with which the library was lighted.
Now 11b. of ordinary London gas produces, during combus-
tion, as much as 23 lbs. of water, rather more than 21 Ibs.
of carbonic acid, and takes from the atmosphere 2} lbs. of
oxygen ; thus spoiling 194 1bs. of air, or 251 cubic feet. But
in addition to these products, sulphurous acid is also some-
times produced, owing to the presence of certain sulphurous
compounds, which are not wholly removed in the process of
purification. This sulphurous acid, in contact with the air,
becomes converted into sulphuric acid, which attacks walls,
farniture, books, &e. Dr. Faraday collected some of the
watery products of combustion from the gas-burners at the
Athenzeum, and found it to contain sulphuric acid ; the ven-
tilating tubes placed over the flame were corroded by the
acid water in the places where it condensed, and formed a
solid sulphate within the tube, of iron or of copper, according
to the metal used. But Dr, Faraday did not attribute the
corrosion of the books entirely to this source, but partly also

to the heat, and partly to certain substances used by the
leather dresser,
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It is common to see in shop windows large glass bells
suspended over the glass chimneys of gas-burners. These
are, of course, of no use in carrying off the products of combus-
tion, but merely serve to prevent the flame from blackening
the ceiling. But if a pipe from the top of each lamp be led
out into the open air, or into the chimney of the room, not
only are the products of combustion carried away, but the gas-
burners themselves often become powerful and efficient venti-
lators to the whole apartment, instead of being, as before, a
powerful source of vitiation. The inconvenience to be guarded
against is the condensation of water in the pipe, for at a short
distance from the gas-flame, the watery product of combus-
tion becoming cooled, condenses into water before it reaches
the extremity of the ventilating tube ; and if the tube ascends
all the way from the burner, the water will even flow back
and extinguish the flame, or otherwise annoy the persons in
the room.

But as the appearance of these asecending ventilating tubes
in a room is rather unsightly, Dr. Faraday got rid of them
altogether by making the hot air from each burner descend
instead of ascending. "This he accomplished by furnishing
each burner with two concentric glass chimneys of unequal
height, the lower one being the interior. The exterior or
higher of the two chimneys is covered with a plate of mica,
so as to prevent the draught from ascending higher than the
top of this chimney. The descending current is established
by applying heat to the bend of a ventilating tube, fixed at
the bottom of the two chimneys, and turning upwards among
the ornaments of the chandelier. When this current is fully
established, the gas is lighted, and the mica plate placed over
the outer chimney. KEach Argand burner is supplied with
air in the ordinary way through the centre, and the pro-
duets of combustion are carried from the top of the inner
chimney, down through the space between that and the
exterior chimney, then along the descending ventilating
tubes up into a central vertical shaft, which serves also to
suspend the chandelier and to enclose the gas-pipes ; the pro-
duets of combustion are then received into a box above, and
from this proceeds a pipe into the open air. A globe of
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ground glass, open only at the bottom, is placed over each
lamp, and has an elegant though unusual appearance. It is
said that the two glass chimneys produce more perfect com-
bustion, and, consequently, a greater amount of light, than
with an ordinary Argand burner with only one chimney.
The flame is certainly larger, and of a redder colour than the
ordinary gas flame,

Many years ago Tredgold recommended a siphon for
withdrawing the foul air from the interior of apartments,
“If an inverted siphon,” he says, “ be placed with one leg
in the chimney, so near to the fire that the air in that leg
will be warmer than the air in the other leg, motion will
take place ; for the air will ascend in the warm leg and go up
the chimney, and a descending current in the cool leg will
take the air from the room. To render the application of
this principle successful, the mouth of the tube should be at
the ceiling of the apartment; the lowest part of the curve
should be, as much as convenient, below the point where the
heat is applied ; and the aperture through which the air
flows into the chimney should be formed so that the soot may
not fall down the tube; also, the mouth should have a register
to close it, or regulate the ventilation.”

The ventilation of a coal-mine is regulated on the principle
of descending and ascending draughts. The reader is aware
that those enormous deposits of coal which form so large and
important a portion of the mineral wealth of Great Dritain,
are called coal-fields, in which the coal, situated at various
depths from the surface, is separated into a number of dis-
tinct layers or strata, of various thicknesses, by means of
layers or strata of slaty clay, called shale, and coarse hard
sandstone, called g, forming altogether what are called the
coal-measures ; or in other words, beds of sandstone, shale,
clay, and coal, lie one above another, in repeated alternations,
to a great depth. The strata of coal, however, technically
called seams, are very thin, compared with the other assc-
ciated beds. Though extending under large tracts of country,
they are often only a few inches thick, and never more than
6 or 8 feet, except one seam in Staffordshire, which is 30 feet,
But the interposed strata o1 grit and shale often exceed
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700 feet in aggregate thickness. Under this series is the
mountain limestone, forming various calcareous strata of vari-
able thickness, sometimes exceeding 900 feet. This limestone
rests on a bed of old red sandstone, varying in thickness from
200 to 2,000 feet. The term coal-formation sometimes
includes these two great series of strata, although, in general,
the coal-measures lie above them, the lowest coal-seam com-
monly resting immediately on the mountain limestone.

The various deposits which form the coal-measures do not
occur in regular horizontal unbroken planes, When first
deposited, they were doubtless in this condition, but at various
times, this horizontal position has been disturbed by some
upheaving force from below, whereby the coal-measures have,
in many districts, been made to assume the shape of a huge
trough or basin, rising on all sides from a central point, the
sides of the basin being composed of sandstone or limestone,
and the middle filled up by strata superior to the coal-
measures, such as magnesian limestone and new red sand-
stone. Now it follows from this arrangement that the
edge or boundary line of each stratum must appear at the
surface somewhat like the concentric layers of an onion cut in
two. This “ coming to the day,” or appearance of the coal
at the surface of the ground, is called the dasset or outcrop,
and serves to determine the outer form or side of the basin.
But the internal upheaving force (whatever it may have
been) which converted the horizontal strata into basin-shaped
arrangements, seems, at the same time, to have produced
certain fissures or fractures, often nearly vertical, and stretch-
ing through the whole mass. These rents are called dykes,
because they divide the seams or bands of coal into fields,
and some of them are so considerable as to find a place in
geological maps.

In corder to ascertain where the deposit of coal is most
advantageous for working, boring is resorted to, and when
the spot is determined, a eylindrical or elliptical shaft, from
10 to 15 feet in diameter, is sunk. The depth may vary
from 25 fathoms (150 feet) to 300 fathoms (1,800 feet) before
the seam intended to be worked is reached. When this is
done, the sinking of the shaft is discontinued, and a broad
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straight passage, called a bord or mother-gate, iz driven from it
into the seam of coal in opposite directions. This bord is
12 or 14 feet broad, and of the whole height of the seam,
80 as to expose the rock above, which is now called the roof,
and also the stratum below, which forms the thill or floor.
It is also necessary to drive a passage, called the drip-head,
dip-head, or main level, for collecting the water of the mine.
I'rom this level gallery, numerous other galleries are driven
towards the rise of the strata, till they reach either the out-
crop of the seam, or the dip-head gallery of an adjoining
colliery. The direction of the bords is arranged so as to
follow the natural cleavage of the coal, which forms their
sides, and, consequently, is not always at right angles with
the dip-head. When a bord has been excavated some
distance, narrow passages, called headways, are driven from
it at regular intervals on both sides, and exactly at riglht
angles, if the natural cleavage of the coal be cubical, as it
generally is; and when these have been driven eight or ten
yards, they are made to communicate with other bords, which
are opened parallel to the first, and on each side of it. In
this way, the bed of coal is entirely laid open, and intersected
by broad parallel passages about § yards apart, communicating
with each other by narrower passages or headways, which
cross them at right angles, and also traverse the whole extent
of the mine, breaking up the scam into immense square or
rectangular pillars, which are left standing between the two.
In this state, a coal-mine has been aptly compared to a regn-
larly built town, the bords being the principal streets, the
headways the narrower streets which cross them, while the
pillars of coal form the masses or blocks of buildings.

As these pillars of coal form frequently as much as three-
fourths, and never less than one-third of the whole seam, many
methods have been contrived for removing them without
danger. The best method of working is that called panel-
work, by which the mine is divided into districts or panels,
separated from each other by walls of coal 40 or 50 yards
thick. The coal is extracted from each in succession, begin-
ning nsually with the one most distant from the shaft. Large
pillars of coal are first left between the bords to support the
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roof ; the pillars themselves are then removed, the roof being
supported in the meantime by wooden props, and the place
where these props replace a pillar is called a jud. In time,
the jud is removed, and then the unsupported roof of the
mine falls in. The heap of ruins thus occasioned by the
successive drawing of continuous juds, is called a goaf. Cor-
responding with this heap of rocky fragments, and produced
by it, is a cavity in the mine like an inverted basin, including
a thin belt of air, which surrounds and partly permeates the
goaf. This has been the source of dangerous accidents, as
will be noticed herealter,

Fig. 115 is the plan of one story of such a mine, in which
the panels, @ @ a a, are not entirely Jaid open by galleries;

Fie. 115, Panel-work.

b b are laid open, but no pillars as yet removed ; in ¢ ¢, the
pillars are being extracted, and the roof is falling in, its ruins
forming a goaf; the panel, d, is entirely worked out and
abandoned. !

When the prospects of the mine appear to be favourable,
another shaft is, in some cases, sunk at some distance from the
first, and when a communication has been established between
them, one is made the downcast, and the other upcast ; that is,
the air is conducted from the downcast shaft through all the
bords and workings, which it is made to traverse in succession
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by means of stoppings or doors in various places, to obstruct
its passage and give a proper direction to the current in
passing to the upcast shaft. The force which sets this venti-
lating current in motion, is a large fire kept constantly burn-
ing in some part of the upecast shaft. The supplies of fresh
air passing into a mine must, of course, vary considerably.
In the Wallsend Colliery, they vary from 2,000 to 3,000, and
occasionally 3,800 cubic feet per minute. In some of the
large workings, the air has to traverse many miles of gallery
before it reaches the upcast shaft, and is frequently twelve
Liours in doing so, moving at the ordinary rate of 2 or 2} feet
per second. Many coal-mines are worked without this
second shaft, its place being supplied by dividing the single
shaft into two distinet portions, by means of an air-tight
partition called a brattice, one division being downcast, and the
other upecast. The larger shafts (those 15 feet in diameter) are
sometimes divided into three parts, one of which is used for
raising the coal to the surface, another for working the pumps
for the drainage of the mine, and a third for ventilation, for
bringing up the air that has passed through the workings.
The necessity for perfect ventilation in a coal-mine is more
urgent than in other mines, on account of the escape from
the coal of large quantities of carburetted hydrogen gas (called
jfire-damp by the miners), which, mingling with the air of the
mine in certain proportions, forms a mixture which explodes
on contact with flame. 'T'his gas is very much lighter than
common air, mingles readily with it, and when poured out
into the workings, moves along with the ventilating current
in the direction of the upcast shaft. The quantity of gas
thus poured out is very considerable, but subject to great
variation, some seams being more fiery, or full of gas, than
others; and, in working these fiery seams, it is not uncommon
for a jet of inflammable gas to issue from every hole made
for the gunpowder used in blasting. But, in addition to this
constant supply, there is danger of sudden discharges from
cavities in the coal, laid open by the hewer’s pick-axe. The
gas issues from these cavities with considerable noise, and
forms what is termed a blower. These blowers are sometimes
80 constant in their action, that the gas is collected and con-
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veyed by a tube into the upcast shaft, continuing for monthe
or years to pour out hundreds or thousands of hogsheads of
fire-damp per minute. When thus provided for, the blowers
are not necessarily a source of danger; but when one of the
reservoirs containing the pent-up gas of centuries, and con-
sequently under an enormous pressure, is suddenly broken
open, the gas is set free in torrents, and mingling with the
air of the mine, forms an explosive mixture which the first
spark or naked flame may ignite, and thus cause a fearful
destruction both of life and property. Nor is the explosion
itself always the thing to be dreaded most; for the ignition
of the fire-damp kindles the coal-dust, which always exists in
great quantities in the passages, and, in a moment, causes the
mine to glow like a furnace. This conflagration is necessarily
succeeded by wvast volumes of carbonic acid, or choke-damp,
as it is emphatically called, from its suffocating character, and
this destroys those whom the explosion had spared.

It was to guard against accidents of this character that Sir
Humphry Davy invented his safety lamp, a beautiful and
simple contrivance, consisting merely of a common oil-lamp,
the flame of which is completely enclosed within a cylinder
of wire gauze, a substance which will not admit of the passage
of flame ; so that, although the lamp be introduced into an
explosive mixture, the flame will not pass through the gauze
to ignite it. Of course the efficacy of the lamp depends on
the soundness of the wire gauze; for if this be broken and
injured, the flame is not protected ; or if the lamp be moved
swiftly through an explosive atmosphere, the flame may be
blown against, and even through, the meshes of the gauze,
and, in either case, might lead to an explosion. When the
lamp burns in an atmosphere highly charged with fire-damp,
the gas gets within the meshes, and burns with a blue flame,
which heats the wire gauze to redness. Even this state of
the lamp will not produce an explosion, but of course it was
never intended that the workman should go on working with
the lamp in this condition. The blue flame within the lamp
ought always to be a caution to him to retire, until the mine
be rendered safe by ventilation. From too great reliance, in
all cases, on the Davy lamp, from neglect, and from various
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other causes, this lamp has disappointed the expectations of
those most 1nterastcd in its use ; and experienced men now
look for safety rather to improved methods of ventilation,
than to contrivances for lighting the mines. The generul
plan of wventilation now in common use will be understood
from the following details, in addition to those ahcud} given,

When a seam is begun to be worked, there is, of course,
only one available shaft for ventilation, and this is dluded
into two portions, as at a b (Fig. 116), for the ascending and
deseending currents; and as it is not safe for the men to be
ever more than a fcw yards in advance of the course of the

Fig. 116. Mode 0f . entulntmrr Passages.

current, they begin working the seam with two parallel bords,

connected at intervals by cross passages, which are succes-
sively stopped by wooden partitions, cce, leaving no com-
munication except through the one last opened, or that which
is farthest from the shaft. Temporary partitions are also
placed at ee, to direct the current to the very spots where
the men are at work, as at ww, When the workings are
more advanced, the direction of the current through every
part, by stoppings or partitions, becomes a matter of no small
complexity, as will be seen by the plan (Fig. 117), where the
arrows represent the course of the air from the downcast
shaft, a, through all the galleries to the upeast shaft, b, It
will be seen that in most places the current 1s divided between
the parallel bords; this is called double coursing ; and its
advantage is, that if any part of the mine is more fiery or
dangerous than the rest, the current can there be confined to
one course, and thus have its velocity doubled; while in the
parts containing least gas, the same current can be allowed to
expand into three passages, which is called treble coursing.
The double stoppings in Fig. 117 represent those in which
doors of communication are required. These are made in
pairs, in order that a person may pass through them, as a
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harg_e through a canal lock, without allowing the main bodies
of air to communicate. To ensure this, they are sometimes
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Fig. 117. Plan, with Ventilating Arrangements.

made even treble, and a boy is placed in charge of each pair
or set of three, whose duty it is to prevent them from being
all opened at once.

As it 18 not safe to allow the foul air from the more fiery
parts of the mine to come in contact with the fire at the
bottom of the upecast shaft, which sets the whole ventilating
current in motion, it is usual to divide the air as it enters the
mine by the shaft, a, Fig. 117, into two distinet currents, one
of which proceeds through the passages, e ¢, into the safe parts
of the mine only, while the other, ¢ ¢, circulates through the fiery
parts represented by the lighter shade, including the goafs,

L2 W, or old abandoned workings,
h\’;/%’ which are always the most
' f,:; dangerous receptacles of gas.
__ The purer current alone is
—\ = allowed to pass through the
= @ — furnace, f, before entering

—e——eaesSaeasstte——  the upeast shaft, b. The other

Fig. 118. Dumb Furnace. current is conducted through
d, and enters the shaft at a higher level by a tunnel cut ob-
liquely through the roof of the seam, as in Fig. 118, where s
represents the upcast shaft, b the impure current, and a the
pure current, feeding the furnace, which, when thus con-
structed, is termed a dumdb furnace.

)
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The goafs, or abandoned workings, are sometimes of vast
extent, and are known to occupy from 13 to 97 acres of
ground. They may be compared to enormous inverted
bowls or basins, in which the inflammable gas from various
parts of the mine accumulates, and, from its lightness, occu-
pies, at first, the upper part of the goaf: as it increases in
quantity, or even as the atmospheric pressure diminishes, it
may suddenly fill the goaf, and issue from its lowest edge as
from the edge of an inverted bowl, and, mingling with the air
of the mine, form an explosive mixture, thus giving rise to
many sad accidents. Such appears to have been the origin
of the explosion in Haswell Colliery, Durham, in September,
1844, by which ninety-five persons perished. Dr. Faraday,
who, in conjunction with Sir Charles Lyell, visited the mine
after the accident, with a view to devise some remedy against
the recurrence of similar accidents, recommended that the
goaf itself be ventilated. He thought it would not be desirable
to attempt this by driving the contents of the goaf through
any parts of the mine which are occupied by human beings;
but that the goaf cavity might be exhausted of noxious air
by means of a pipe, rising as high as possible, from 4 to 8 or
10 feet into it, and communicating at its other extremity
with the upeast shaft. Dr. Faraday expressed himself as
being disheartened at the apparent hopelessness of finding
out any good general remedy for these explosions, which
were not simply the effects arising from the mixture of
gases, but from the combustion of the coal-dust and coal-
gas produced by the first explosion. In the fatal case at
Haswell, the place where the accident originated had been
- ascertained, and the progress of the fire could be traced
on the scorched beams and props of the galleries, and by
the deposits of coke made from the coal-dust which the
explosion raised. To this circumstance the great force
of the explosion was due, and not to the first escape
of gas. A similar explosion had been known to take place
in a cotton-wadding manufactory, the whole atmosphere
of the place being fired by means of the particles of cotton
init. Of all the workmen killed in the Haswell accident,
perhaps not one was really burnt to death, but suffocated by
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the choke-damp. In one part of the workings, the explosion
had produced sharp vibrations, like the firing of gunpowder ;
and in another, the burning went on slowly, like a common
fire. Dut, although two panels were blown into one, and
solid stoppings of brickwork thrown down, there was no
indication of accident in the shaft. If the stoppings had not
been blown down, and the supply of air had continued, the
mine would have taken fire, and the men been burnt instead
of choked. Every part of the Haswell Colliery had been
examined, accompanied by the mine-viewer, and recommen-
dations had been received from the best-informed men on the
spot; and they were convinced that the conditions under
which such accidents happen were so variable, that no general
practical rule could be obtained. Far more information, how-
ever, was required. The plan of splitting the air courses
was good, as far as the power of the upcast shaft admitted ;
but if carried too far, it would produce stagnant points, which
could not be prevented by any arrangement consistently with
the ever-moving condition of the works. The abolition of
the use of gunpowder and lighted candles would, in some
cases, double the price of coals. Dut the great source of
danger was the mental condition of the miners., With
regard to the present race, this was so hopeless that nothing
could be done for them., Although smoking was strictly
forbidden, they had been known to contrive to light their
pipes in dangerous workings, even from the Davy lamp ; and
Dr. Faraday had himself, on one occasion, sat down with an
open candle, to watch the preparations for blasting, and, when
he inquired for the gunpowder, he was told he was sitting on
it. Dr, Faraday expressed his opinion of the safety of the
Davy lamp when properly used, and of its being a complete
and practical contrivance, to which he would willingly trust
his own life, as he had already done on many occasions,

Fans are now getting into use for the ventilation of coal-
pits. A large fan, worked by a steam-engine, is placed over
a short shaft communicating with the upcast shaft by a
lateral channel; and a double trap-door, forming a kind of
rough valve, is placed over the mouth of the upecast shaft,
and kept closed except when the corves are passing,
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CHAPTER IV.
ON SPONTANEOUS VENTILATION.

TuE necessity of placing ventilating arrangements as far as
possible beyond the direction and eontrol of the inmates of
the house or room to be ventilated has been sufficiently insisted
on. Ventilation, like respiration, should be an unconscious
act, so to speak, producing inconvenience only when it is
interfered with or interrupted. Arrangements for it should
form an adequate proportion of the structure of the building,
s0 as to admit fresh air and discharge the foul with as much
regularity as the windows admit the light and the chimney-
shaft discharges the smoke.

One of the earliest mechanical contrivances for ventilation
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Fig. 119. Wind Conduetor of Egypt.

is the mulguf, or wind conductor of the ancient Egyptians,

and still in use in modern Egypt. It was erected at the top

of the house, as in Fig. 119, and consisted of a frame covered
0
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or enclosed on all sides, except at the mouths, which were
open in the direction of the prevailing winds. The roof of
the mulguf sloped down from each open end to the centre,
where a partition divided it, and deflected the wind down into
the apartments below. Mr. Wilkinson, in his work on Egypt,
gives a view of part of Cairo, showing the mulgufs on the
houses of the modern Egyptians. The ancient mulgufs were
double, as shown in the figure, but the modern ones are single,
and the opening is in the direction of the prevailing north-
west wind. They consist of strong framework, to which
several planks of wood are nailed, according to the breadth
and length proposed; and if required of cheaper materials,
reeds or mats, covered with stucco, are used instead of planks.

This contrivance acts on a similar principle to the wind-
sail noticed in a former chapter ; but, being fixed in position,
it acts spontaneously or independently of the inmates of the
house.

The chimney-valve is another of those spontancous con-
trivances that contribute to the health of a room. It was
devised by Dr. Franklin, in connection with his Pennsyl-
vanian fire-place (Fig. 28, p. 97), and its merits arve described
in the inventor’s own language at page 98. It is represented
in its simplest form in Fig. 120. It consists of an oblong
metal frame fixed into the chimney-
ghaft of the room near the ceiling. The
object of the contrivance is to take
. advantage of the ventilating force fur-
. nished by the upward draught of the
. chimney to draw off the npper strata of

- the air of the room through the frame
. into the flue, whilst it prevents down-
© draughts. .A. balanced metal valve
Ig. 120. Chlmne:""ahe was ﬁtted by Dr. Arnott (whence this
contrivance is usually known as “ the Arnott chimney-valve™),
or a light fiap of silk may be supported behind a perforated
metal plate placed in the frame opening into the room.* It

e

I

# The metal valve or silk flap is apt to make a noise in falling, which
may be prevented by attaching a slice of cork to the metal plate, or by
licying a valve of thin cork or some similar material.
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is remarked in the Darracks’ Commission Report that this
valve, like every other, requires certain conditions for its
action, If the throat of the chimney be very wide, the quan-
tity of air and smoke which pass up the shaft from below will
be more than the chimney at its narrowest part, where the
ventilator is placed, can accommodate, and the smoke will
consequently pass through the valve into the room. Hence
it is necessary in fitting this valve to contract the throat of
the chimney, so as to leave a balance in the draught, to be
supplied by air passing through the valve ; but as the amount
of this balance or the number of cubic feet of air which can
pass through this valve into the chimney per hour is very
limited, this form of ventilator is not adapted for a room
likely to be crowded. I can speak from experience of its use
in a room occupied daily by four or five persons, with four
candles burning every night. There is always a strong
draught through the valve into the chimmey, the smell of
dinner quickly passes away, and the room always feels fresh
and pleasant: I have not made any special experiments on
the action of this valve beyond holding a piece of lighted paper
near it, when the flame is drawn in, but after the consider-
able doubt that has been thrown by Mr. Campbell’s experi-
ments (see p. 210, Fig. 80), as to whether the valve is really
of any use at all, it would be rash, without further experiments
conducted under varied conditions, to recommend strongly or
to condemn the chimney-valve. The Barracks’ Commissioners
recommend 1t as a very simple and economical ventilator for
non-commissioned officers’ rooms.

A contrivance known as Sherringham’s ventilator, Fig. 121,
consists of an iron air-brick, or box,
inserted close to the ceiling of the
room, and communicating directly
with the outer air. To prevent
the air from coming in by stray
currents, there is placed at the

: S Tig. 121. Sherrincham’s Vehe
mouth of the opening, within the hering un’s Ven

room, a valve hinged at its lower
side, and opening towards the ceiling, so that the inflowing

current required to supply the chimney draught is thrown up
o2
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towards the ceiling, and more or less diffused among the
general mass of air in the room. This ventilator may
under certain conditions, act as an outlet; but when the
room 1s closed, and there is a fire in the grate, it must act
as an inlet for fresh air. As such—that is, as an inlet—
it is well placed and well arranged, and i1s adapted to a room
that is not likely to be crowded. A ventilator similar in
principle has been introduced into the upper panes of window
frames.

There are three ventilators which seem to have been
suggested to the inventors by the experiment described at
page 165 of the first edition of this work, and which we now
repeat in this place. The late Professor Daniell, of King’s
College, was in the habit of showing this experiment in his
lectures, and the following figure has been copied from the
apparatus in the college museum. The arrangement was
introduced into the former edition of this work for showing
the necessity of avoiding bends and angles in ventilating-
tubes, since they increase the friction and deprive the heated
column of some of its ascensional force by cooling ; also, where
several vent-tubes are employed, they should all be of the
same vertical height, or the highest vent will prevent the
efficient action of the lower ones, so that there may actually
be a smaller discharge through two tubes than through one
only. So also, when several openings are made above the
level of the floor of a room, the highest may be the only one
. capable of acting as an abduction-tube, the other lower open-
ings often serving as induction-tubes, discharging cold air
into the room, and, in doing so, lowering the temperature of
the hot vitiated air, and preventing its escape; thus not
only causing the bad air to be breathed over again, but
filling the room with unpleasant dranghts. But if the highest
abduction-tube be too small to carry off the requisite quantity
of hot air, the tube next below it in elevation at any part
of the room will act as an abduction-tube.

If the lower openings for the admission of cool fresh air
be too small in proportion to those for the escape of the hot
air, a current of cold air will descend through one part of the
hot-air tube, and the hot air will ascend through another
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part of the same tube, an effect which we have already seen
(p. 201) takes place in the ventilation of a bee-hive. This
effect may also be shown by a very pleasing experiment.
Place a lighted taper in a flat dish (Fig. 122), and cover it
with a glass receiver, furnished with a long glass chimney
placed immediately over the flame. If the bottom of the
receiver does not come into very close contact with the dish,
enough air will enter to support combustion, and the draught
or current of hot air will escape up the chimney, and the
taper will continue to burn for any length of time. If we
now shift the receiver a little on one side, so that the flame
may not be immediately under the chimney, the products of
combustion will impinge upon the glass, and, cooling down
and mingling with the air of the receiver, will contaminate
it so much, that the taper immediately begins to burn
dimly, and is soon extinguished. On bringing the chimney
over the flame, it will speedily improve in appearance; the
smoke and other products of combustion will be rapidly dis-
charged, and the receiver will become bright and transparent
as before. But suppose we cut off all communication with
the external air from below by pouring a little water into the
dish, so as to cover the mouth of the receiver, we shall then
have the case of a room which is provided with a vent tube
near the ceiling, but has no provision for admitting fresh air
from any lower openings ; in such case, the fresh air will seek
to enter by the ventilating tube. If this be large enough,
the outgoing hot air and the incoming cool air will divide
the tube into two parts. DBut if, as in the experiment before
us, the ventilating tube or chimney be too narrow, the hot
and cold currents will interfere with each other ; the tendency
of the hot air to rise and of the cold air to descend will pre-
vent the escape of the one and the entrance of the other, and
the taper will soon be extinguished for want of fresh air. Dut
if the chimney be divided into two portions by a flat strip of
tin-plate passed down it, as in Fig. 122, and the taper be
lighted and placed in its former position, it will continue to
burn for any length of time; for, by this arrangement, the
two currents of hot and cold air are prevented from interfering
with each other; the hot air will pass up one channel and
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escape, and the cold air will descend the other channei to
feed the flame. By holding a piece of smoking paper or the
glowing wick of a taper on one side
of the chimney, the smoke will be
drawn down, thereby indicating the
descending current of cool air; while,
on the other side, the smoke will be
driven up by the ascending current of
heated air.

In the same manner these counter
currents may be frequently noticed in
churches and other erowded places,
where due provision is seldom made
for the entrance of fresh air and the
escape of the foul. It is usual in
summer to mitigate the effects of the
hot vitiated atmosphere by throwing
open the windows. A portion of the

Fig. 122, Ascending and  foy] air, it is true, escapes by these
Descending Currents. ;
channels, but a counter current imme-
diately sets in through each of them, exposing the persons
near them to the dangerous effects of draught, and also
cooling the foul air which is seeking to escape, and sending
it down to be breathed over again.

The three ventilators based on the principle of the fore-
going experiment profess to combine an outlet for the
foul air and an inlet for the fresh in the same contrivance.
They were examined by the DBarracks’ Commissioners,
who state, that under certain fixed conditions all three
ventilators effect both objects; but if these conditions
be varied, any one of them may become wholly outlets or
wholly inlets. The conditions essential to their operation are,
that the room to which they are applied be closed (as the
receiver 18 with a water lute in Fig. 122), and then, if a
number of persons be crowded into the room with the fire-
place, doors, and windows shut, and if a ventilating tube be
carried from the ceiling of the room above the roof of the
building, there will be an irregular effort at an interchange
between the air of the room and the outside air; irregular
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counter-currents will be established, and the room will be
badly ventilated, if at all. If now the tube be divided longi-
tudinally from top to bottom by means of a thin partition, the
currents will be quite distinet, as in the experiment, Fig. 122,
a current of air will descend into the room continuously on
one side of the partition, and the current of foul air will
ascend from the room continuously on the other side of the
partition. One half of the tube supplies fresh air to the
inlets of the room, and the other half removes the foul air,
so that if the size of the tube be properly adjusted the air of
the room is kept sweet.

Watson's ventilator (Fig. 123) is the simplest arrangement,
which consists of a square tube with a division in the centre,
without any contrivance for diffusing the descending current.
Mackinnell’s ventilator (Fig. 124) consists of two tubes, one
within the other, with a space between them. The inner
tube is the longer, and projects above the outer at its upper
end; the inner tube also projects a little below the outer
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Fig. 123. Watson’s Ventilator. Fig. 124, Mackinnell’s Ventilator.

tube in the ceiling to give support to a flange projecting
parallel to the ceiling and concealing the opening of the
outer tube. Tt is stated that the greater length of the inner
tube determines the upward current which takes place in if,
go as to become the foul-air shaft ; the efficiency of this tube,
however, must depend, not upon its length but upon its
temperature, and that is kept down by the ouler tube, which
acts as the fresh air inlet, and the descending current striking
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against the flange is thrown out in the plane of the ceiling,
and so diffused. Without having had an opportunity of
examining this contrivance,.I should have thought the ar-
rangement would have been better if the hot vitiated air had
been allowed to flow along the ceiling, and male its escape
by the opening in its own plane, instead of cooling the hot
air by allowing a colder and denser stratum to pour in upon
it. The opening for the escape of hot vitiated air shounld be
at the highest point, as in the examples furnished by a
lantern or street gas-lamp,

The third contrivance on this principle is Muir's ventilator
(Fig. 125). It consists of a square tube divided into four
parts, A A, B B, by means of partitions
which are carried above the top of the
tube, and the box is completed outside
and above the roof by louvre boards, as
in the figure, The object of the divi-
sions and louvres is to procure not only
the upward and downward currents of
the ordinary kind, but to take advantage
of light winds, which by striking through
the louvres at any angle will cause a
stream of air to be projected down into
the room, and assist the upward current
on the side away from the wind.

The Barracks’ Commissioners state
more than once the necessity for a closed
room in order that these three venti-
lators may work properly. As soon as
a door or window is opened they be-
come upcast shafts, and cease to supply
air. Also, if there be a fire-place in
the room with a strong fire in it, and
the doors and windows be closed, they -
become downcast shafts, and the fire
Fig. 125. Muir's Venti- will Eupply itself from them.

lidar: In certain cases they may be ap-
plicable, as in single rooms standing apart, such as churches,
chapels, schools, libraries, &c., warmed by stoves, and where

P
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the doors are kept shut for hours at a time; in stables also,
of a certain construction, they may be useful. These ventila-
tors are recommended for ventilating the holds of sloops and
hospital ships.

In the second edition of this work, published in 1858, it
13 stated, p. 285, that cases may oceur where the principle
of introducing fresh air at the same level at which the foul
air is allowed to escape, may be adopted for want of a
better, Mr. E. A. Cowper communicated to me his plan, which
seems one of the least objectionable on this principle. He
places a perforated box along each side of the room, with «
pipe carried up some feet on the outside. The room being
supposed to be close in other respects, and warmed by the
occupants, or by means of steam-pipes or otherwise, a current
of air sets in down one pipe into the room, while another
current passes out of the room up the other pipe. The wind
blowing on one side of the bnilding, or the sun shining on it,
sets the current in motion, and when once it is started there
is a column of external cold air in one pipe, and of warm air
from the room in the other pipe. The action is then the
game as if the cold air pipe were removed, and the air had
direct access to the perforated trunk with which it was con-
nected, while the hot air pipe acts as an aérial sewer for
draining off the foul air. Thus, as long as the room is
warmer than the external air, ventilation will eontinue, but
it may be in either direction, according as it is first started.
The pipes or chimneys may both be on the same side of the
building, so as to prevent the current from being accelerated
by a high wind acting on one pipe, and as the equilibrium is
unstable, the current is sure to commence. This apparatus
will not, of course, be of any use unless the air in the room
1s warmer than the external air. Dr. Arnott also mentions
a case in which he got rid of foul air and introduced fresh
air at the same level : this was in the dormitory of the Field
Lane Ragged School. Six tubes, formed of plank of about a
foot square, opened from the ceiling into two ventilating
shafts by horizontal branches. Three tubes connected with
one branch were for the escape of the ascending hot foul
hreath and exhalations, while the other three were for the

03
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admission of fresh air, which it was supposed would “ subside
gently, and spread among the sleepers.” It was observed
that ventilation did not begin immediately on the entrance
of the crowd, but by arranging a gas-lamp so as to discharge
its burnt air into the ascending shaft, the interchange of
currents immediately commenced.

One of the objections to ventilating openings is, that they
occasionally bring down cataracts of cold air instead of allow-
ing the escape of the foul air. Dr. Arnott remedies this
by covering the ventilating opening with wire gauze, and
stretching over this a curtain of light cloth, called a curtain
valve, so that the air may pass from within outwards by
pushing forward the light curtain; but the air cannot pass
in the opposite direction, since the attempt to do so would
press the curtain against the gauze and close the passage
Some of the courts of law at Westminster were ventilated by
taking out some of the side windows from the lantern in the
roof and stretching a netting over the opening. On the
outside, across the netting, were placed a number of strips of
canvas about 4 or 6 inches deep, fixed by the upper edge.
When the warm air of the court sought an exit it lifted these
curtain valves and breathed out, but if a cold wind attempted

to enter, it shut the valves down on the netting, and thus
excluded it,

CHAPTER V.

ON HOT WATER AND STEAM AS A VENTILATING FORCE, AND

ON THE COMBINED METHODS OF WARMING AND VENTI-
LATING,

Some of the methods described in the last chapter for venti-
lating a building include also arrangements for warming it.
Although it is customary to associate the two processes, they
are really distinet, each requiring special provisions. It has
been seen that the Houses of Parliament have frequently
been made the subject of experiments in the art of warming
snd ventilation, That the experiments have not always
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gucceeded has been already shown, and the reasen, probably,
is to be found in their novelty., The members of either
House whose province it has been to order the ercetion of the
various deseriptions of apparatus, cannot fairly be charged
with the failure, since it is reasonable to suppose that if a
tried and approved method had existed, it would have been
ordered; and the reports published on the subject do not
diclose any method which may be pronounced perfect.

The centrifugal wheel of Dr, Desaguliers continued to be
used for ventilating the IHouse of Commons until the year
1820, when the Marquis of Chabannes was allowed to under-
take the warming and ventilation of the House. He proposed
to erect a small furnace over the ceiling, the combustion of
which was to be supported entirely by the vitiated air of the
House ; but this plan being objected to, he caused a large
case or trunk to be constructed over the body of the House,
below the roof, into which ventilating tubes were conducted
from different parts of the House ; four of these tubes opened
from under the galleries, to prevent the stagnation of the
impure air in those parts, and six openings in the ceiling led
into the main trunks, and were each continued in separate
trunks to the top, so that the draught from every part was
equal. Sixteen steam cylinders were placed within the main
trunk, and the heat thereby produced was intended to rarefy
the air in the ventilating tubes so powerfully, as to cause
its quick ascent and escape through a large cowl of 4 feet
diameter outside the building.

The House was warmed by means of twelve steam cylind er:
ranged under the seats of the House, and the external air was
brought to these cylinders by a large air trunk, from which
there was a separate branch to each eylinder.

In these arrangements, there was no deficiency either of
heating or of ventilating power. On the contrary, the heat-
ing surface seems to have been in excess, and was not under
perfect command. At any rate, the atmosphere of the House
was declared to be uncomfortable, and, after a few years,
another system was tried.

The use of hot water as a means of ventilation was intro=
duced by Mr. Deacon, in 1813. The air was drawn from an
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underground tunnel or cellar by means of a fan, which forced
it into the rooms through small iron or earthenware tubes
placed in boiling water. The vitiated air was conducted intc
a tube or channel at the ceiling, and conveyed above the
roof, where it was practicable to do so. Iron plates were also
sometimes used instead of pipes. They were placed parallel
to each other, with a space of about 11 inch between them.
These plates were surrounded by boiling water, and the air
rose in the space between them. When cold was desirable
the pipes or plates were immersed in cold or artificially cooled
water, and the air thus cooled was thrown into the room bz
the fanner. If the room was of large size, the fan had to be
turned by a man; this is, of course, objectionable, because
human machines are not always to be depended on, and they
are, for such purposes as turning a wheel, expensive. Smaller
fans were kept in motion by the elasticity of a spring, or the
fall of a weight. Mr. Deacon’s apparatus was fixed in some
public buildings, but does not seem to have made any per-
manent impression on the public mind.

Among the plans submitted to the Committee of the House
of Commons, in 1835, for warming the Houses of Parlia-
ment, that of Mr. Sylvester appears to have great merit. It
was not a mere theoretical plan, for it had been tried, although
on a smaller scale than that now proposed, in the lunatic
asylum for Kent. The general principle of this plan is to in-
troduce the fresh air slowly, and in any required quantity, by
means of an underground channel, @ b (Fig. 126), about 9 feet
square and 100 yards in length, which forms a communica-
tion with the atmosphere and the basement floor of the
building ; the outer extremity of the channel being furnished
with a cowl, arranged so as always to have its mouth to the
wind. The fresh air flowing along this long tunnel would
receive in winter an accession of about 15° of heat, and in
summer it wonld be cooled to a similar extent. It would
then pass into a cockle similar to that of the Belper stove
(Fig. 66, p. 150), where it would be heated to within 5° of -
the temperature required in the House. From this cockle,
it would spread into the space, d ¢, under the floor, and
then rise through a large number of small holes drilled in
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it, into the body of the House. The vitiated air would then
be carried off through a number of openings, 74, in the
ceiling, arranged so as to be opened or closed at pleasure,
by means of a contrivance communicating through = to the
basement., The vitiated air, after passing through these
openings, would flow into the cavity, n, below the roof, and
thence be discharged into the open air by the turn-cap, o,
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Fig. 126, Sylvester's Method.

formed so as to have its mouth always turned from the
wind. To ensure the required velocity and direction of the
ventilating current, a series of pipes, =, filled with steam or
hot water, were to be placed in the cavity of the roof. When
it was required to raise the temperature of the House higher
than usual, the amount of ventilation was to be diminished
by closing the apertures in the ceiling, and allowing the
vitiated air to escape through channels, xz, in the walls.
The velocity at which it was proposed to set the air in motion
through the channel, for supplying the fresh and discharging
the vitiated air, was 4 feet per second; but it was to flow
into the House at the rate of only half a foot per second,
thereby producing a current which would searcely move
the flame of a candle. The area of the apertures distributed
throughout the floor would be about 665 feet ; and including
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the House, the staircases, and corridors, &e., it was calculated
that there would be 200,000 cubic feet of air changed six
times per hour. When asked whether he proposed to make
any arrangements for securing the purity or cleanliness of
the fresh air to be introduced, Mr. Sylvester replied, that it
would be extremely desirable to have a communication with
some large inclosure for the fresh air, such as a large building
like Westminster Hall, between the House of Commons and
the outer air, that the air might be admitted into this large
inclosure, and allowed to settle and deposit its blacks or
smuts, just as water, before being used, is allowed to deposit
its mud and sand in a large cistern.

Most of the plans for warming and ventilating buildings,
which have been described in these pages, are on a large
and comprehensive scale, adapted to public buildings, and
requiring not only a considerable expenditure of money, but
also of space, for their erection and effective action. By dis-
tributing the heated air over the whole of the under surface
of a perforated floor, it is thereby distributed throughout the
space required to be warmed ; and by providing some power-
fiill ventilating force in connection with the top of the building,
also perforated, the warm or cool current can be made to pass
through the building with any required velocity. But it is
obvious that such extensive arrangements are not adapted to
a small building or a private house. In such cases, different
arrangements must be made, and these are not always suc-
cessful. If, for example, the air be heated by stoves, and
instead of being semt into the room through a perforated
floor, it is admitted in small currents at an elevated tempera-
ture, it ascends rapidly to the ceiling, and expends the
greater portion of its heat on that surface, while the lower
part of the room remains cold, because airs of very different
temperatures do not readily mingle together.* Omn this
account Mr. Perking re:ommends that the tubes used in
ventilation be placed at or near the floor, by which means
the warm air is forced to descend and mingle more intimately
with the colder air in the room; and the warm air having

';3& method of mixing cold air with air artificially heated, is described s4
P. 227,
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thus parted with its heat, is itself drawn off. When hot
water or steam pipes are used, the air can only be moderately
warmed ; and as the ascensional force in such case is not
great, the ventilating openings can be placed at any desired
point.

This plan of placing the ventilating openings near the floor
is liable to many objections. It gets rid entirely of the spon-
taneous method of ventilation, so that should the ventilating
force not be wanted, as in summer, or be neglected or suffered
to decline, there is no ventilation at all. This has been
proved in several arrangements for ventilating barracks,
hospitals, theatres, &e., in France and elsewhere, as already
noticed. Place the ventilating openings at a low elevation
and the occupants of the space to be ventilated are at the,
mercy of a man who may neglect to throw a shovel-full of
coals on the fire, or, indeed, may neglect to light the fire at
all. A coil of pipe, it is true, takes a good while to cool,
and possesses many advantages provided the force be kept
up ; but the argument ought not to be admitted on the score
of economy, that as the ventilating power can only be ob-
tained at the expense of the heating power, much of the
heat used to warm the room must be lost if the ventilating
openings be placed in the ceiling ; and that if the tempera-
ture be moderate, the produets of combustion and respiration
may be cooled, and thus deprived of their ascensional force
before they have time to escape by the ventilator. Such
arguments as these may lead to dangerous practice.

In the warming of a building by Mr. Perkins's system of
1-inch tubes, the ventilating force is a coil of such pipes, and
he proposes to place the ventilating openings ecither singly
near the floor, or in conjunction with a second opening at
the ceiling. “In the ventilation and warming of a private
dwelling, I would begin, first,” says Mr. Richardson, “ with
the staircase. This we ought to consider the principal artery
of the house; and if this were well warmed by a current of
warm fresh air flowing into it, and a constant change effected
by a ventilating outlet, warmed, so as to ensure its effective
operation, great part of the business would be effected, as
the staircase would supply all rooms not in use with warm
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air in a sufficient degree, and would gradually ventilate the
whole building, rendering it unnecessary to have further
ventilation, except in the principal living and sleeping rooms
of the family.” DBut every room in the house might be ven-
tilated, by placing two or more spare columns of tubing in
flues concealed within the thickness of the wall. It will be
seen, by reference to Fig. 72, p.179,* that where the flue passes
in its course through two or more stories of small rooms, it
is proposed to make an opening about 6 inches square from
each room into the flue, and this, it is said, if provided with a
proper outlet at the top, would effectually ventilate every
room. This statement, however, is very loose, since no refer-
ence is made to the cubical contents of each room, nor to the
number of occupants. The flue should, of course, be vertical,
and enclose the expansion tube at the top, where it should
terminate in a tin funnel provided with a turn-cap, to
prevent downward currents of air. Soon after the fire was
lighted in the furnace below, all these openings into the flues
would become so many artificial fire-places, drawing from
the room a constant current of cooler air into the flue, which,
being warmed to a very high temperature by the great quan-
tity of pipe within it, the current of warm air would rapidly
ascend into the open air above, thus affording all the advan-
tages of constant ventilation. In summer, when the warming
effects of this system are seldom wanted, the circulation may
be turned off from all the rooms by the stop-cocks, and the
effects of the hot pipes be confined within the flues. The
ventilation would then be carried on as usual, and no addi-
tional warmth be experienced from the action of the pipes.
The advantages of this arrangement for our changeable
climate are obvious, for on a cold day in summer, the stop-
cocks being opened, the circulation would proceed through
the coils in the rooms, and thus raise the temperature as
desired.

Thus it will be seen, that by having a flue of the whole
height of the building for the reception of the hot water
tubes, the vitiated air can be drawn out of the room at any

* This system is described at p. 162, as being still in operation at the
British Museum. This is not so, larger pipes having been lately introduced.
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poini. DBy means of the lower opening, the temperature of
the room is equalised, and the effects of currents of unequally
mixed air removed or mitigated; while the upper opening
carries off the effluvia of the room. The openings should all
be furnished with slides, so that they may be contracted or
enlarged at pleasure.

In large public rooms, the size of the ventilating openings
ought to be accurately determined by the architect. They
ought to be large enough to allow every person in a crowded
room to have a proper supply of air for healthy respiration.
In a less crowded state of the room, the openings may be
diminished by means of slides. DBy increasing the tempe-
rature in the flues, their ventilating power is, of course, in-
creased, and this may be done by arranging a coil within the
flue at each opening.

In connection with this system of warming and ventilating
may be mentioned a method which seems to be full of ob-
jections ; namely, that by which the fresh warmed air is
admitted into the room by openings near the ceiling, and
the vitiated air drawn out through openings near the floor,
Argument in favour of this plan is based on the idea that,
with upward ventilation, a great part of the vitiated atmos-
phere of erowded rooms is liable, by the slightest check or
condensation, to be thrown down and mixed with the air
which is already partly unfitted for the purposes of respiration.
But let the ventilating current descend, it is said, and we
have a bright atmosphere of pure air, which, as it becomes
contaminated by respiration, is drawn downwards and dis-
charged. Itisscarcely necessary to point out that the vitiated
air from the lungs, having a temperature of 98° naturally
rises through the air of the room, which is of the temperature
of 60° or under, and, if forced downwards by any means,
must be breathed over again by the occupants of the room
before 1t can be discharged at the level of their legs and feet
in opposition to the laws of gravity. It is difficult to see how
such an objection is to be answered, unless the velocity of the
outgoing current be so considerable as to amount to a strong
wind ; and it is, or ought to be, the object of all ventilation
to prevent the motion either of the incoming or outgoing
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current from being felt. This plan of ventilation by descent
has been put into operation at the Model Prison, at Penton-
ville, where the solitary system of discipline is enforced, thus
giving rise to the necessity of having a separate cell for each
prisoner. In each cell the windows are fixtures, and the
doors are effectually closed, so that the only mode of intro-
ducing the requisite supply of fresh, and of abstracting the
vitiated air, must be by artificial means. The objection to
applying ordinary modes of ventilation, by opening windows
or by similar means, is the facility such openings give to the
transmission of sound.

The method by which this descending ventilating eurrent
is produced is compared by Major Jebb* to the ventilation
of a coal-pit, in which, as already explained, the fresh air
entering the down-cast shaft, passes through the numerous
galleries and workings of the mine, and escapes by the up-
cast shaft, the ventilating force consisting of a large fire in
the up-cast shaft. In applying such a system to the venti-
lation of a prison, the objects proposed to be attained were—
1st, The regular supply of a sufficient quantity of fresh air,
and, when necessary, of warmed air, into each cell, without
subjecting the occupant to any inconvenience from the
draught. 2nd, The withdrawal of a like quantity of vitiated
air, drd, That no additional facilities of communication
between prisoners in adjoining cells should be afforded by
the means made use of, and, therefore, that the transmission
of sound be carefully guarded against. The reader who
wishes to inspect all the details of the arrangements by which
these objects are carried out, is referred to Major Jebb’s
paper, and the copious series of engravings by which it 1s
illustrated ; but a general idea of this method may be con-
veyed by the following remarks, to any one who has studied
the various methods of warming and ventilating as described
in this little volume,

In the basement story is a case or boiler, with a proportion

¥ % On modern Prisons: their Construction and Ventilation.” - By J. Jebb,
Major Royal Engineers, Surveyor-General of Prisons, With ten plates, 4to.
Published separately from “ Papers on subjects connected with the duties of
the Corps of Royal Engineers,” Vol, VII. London, 1844,
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of pipes adapted to the circulation of hot water, and in con-
nection therewith is a large cold air flue open to the outer
air, for supplying air to be warmed in passing over the boiler
and pipes. This air then passes right and left along a hori-
zontal flue, under the floor of the corridor of the prison; and
from this flue a communication is established by small lateral
flues with each cell, both on the lower and two upper floors,
each small flue terminating in a grating under the arched
ceiling of each cell. “The object of making the point of
entry at the top of the cell instead of at the bottom, and dif-
fusing it through a grating on an extended surface, is, that
no unpleasant draunght may be experienced by the occupier
of the cell—which, in a confined situation, would be the case,
were it brought in at the level of the floor—and that he may
not have any inducement to frustrate the intention of venti-
lation, by stopping it up.” A corresponding quantity of foul
air is extracted by means of a grating placed close to the
floor of each cell, diagonally opposite the opening by which
the fresh air 1s introduced. This grating covers a flue which
passes up the ouater wall, and communicates with a main
foul air flue placed in the roof, and terminating in a venti-
lating shaft rising above the top of the building. By this
arrangement the total lengths of each pair of flues respectively
used for introducing fresh air into the cells, and extracting
foul air from them, are rendered nearly equal on all the
stories, This promotes uniformity of action; and the ad-
vantage due to the ascending system, and to difference both
of temperature and altitude, is also secured. ¢ Another
provision of some importance should be adverted to. Fresh
air should be taken into the main flues, communicating with
all the cells in the respective wings or divisions, from the side
which happens to be exposed to the wind. The force or
pressure produced by a very moderate breeze, combined with
the other arrangements and cirecumstances which are favour-
able for ventilation, will generally cause a sufficient current
to pass through the cells without any fire being lighted in
the extracting shaft for ensuring it. The operation of the
system will, by these means, at all times be improved, and a
considerable saving of fuel will be effected.” "The same flues
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are used for ventilating the cells both in winter and in
summer ; the only difference between the arrangements of
the two seasons being, that during the summer, when air is
introduced into the cells at its natural temperature, a fire is
lighted when necessary in the ventilating shaft; during
winter, when the temperature of the air must be raised, a
fire 1s lighted in the heating apparatus below, the smoke and
disposable heat from which, being discharged into the shaft,
answer the same purpose,

It has been shown by experiment, in the Pentonville
Prison, 1st, That from 30 to 45 cubic feet of pure fresh air
is made to pass into every cell in a minute, and that this
abundant ventilation goes on with great regularity. 2nd,
That this current of ventilation, and a temperature of from
52° to 60° can be uniformly maintained in the cells during
the coldest weather, at an expense of less than one farthing
per cell for twenty-four hours ; and the summer ventilation,
by means of a fire lighted in the extracting shaft, has been
kept up at less than half the expense.

We come now to notice an application of steam to the
purposes of ventilation, which is, in all respects, peculiar.
It was remarked, many years ago, by Dr. Thomas Young,
that whenever any eclastic fluid is forced from a jet
with a very small velocity, the stream proceeded for many
inches without any observable dilatation, and then diverged
at a considerable angle into a cone, and at the point of
divergency there was an audible and even a visible vibration.
When the pressure is increased, the apex of the cone ap-
proaches nearer to the orifice of the tube, but no degree of
pressure seems materially to alter its ultimate divergency.
The distance of the apex from the orifice is not proportional
to the diameter of the current; it appears rather to be the
greater the smaller the current, and is much better defined
in a small eurrent than in a large one. Popular illustrations
of this curious fact may be seen every day. A puff of smoke
from a factory chimney, on being first shot out, may often be
seen to assume the form of aring, the diameter of which does
not greatly exceed that of the chimney, but as it ascends in
2 still atmosphere, it gradually increases in size. In the

P N — -
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firing of ordnance on a calm day, these rings may be seen
on a grand scale, and still more perfectly if the mouth of the
cannon be greased, and no shot used. The same phenomena
may also be observed, on a small scale, in the smoke of
tobacco projected from the mouth of a skilful smoker. The
rotating clouds of smoke from the chimney of a steam-boat
have also a tendency to form these conical rings, but from its
abundance, and the motion of the vessel, the form is not very
flefined. DBut the rings of smoke produced by the combustion
of bubbles of phosphuretted hydrogen, show the structure
and motion of these rings very admirably. These hollow
rings are seen to revolve on the axis of the cylinder from
which they are projected, and gradually expand on rising
into the air: each of these enlarging rings may be viewed
as a magnified element of the cone issuing from the jet in
Dr. Young’s experiment.

It was further observed by Dr. Young that the stream of

‘air projected from an orifice drew into its current light

bodies near it, which were free to move. This lateral com-
munication of motion in a fluid stream was noticed in water
by Venturi. This attractive force seems to arise * from
the relative situation of the particles of the fluid in the line
of the current with respect to that of the particles in the
contiguous strata, which, whatever may be the supposed
order of the single particles with respect to each other, must
naturally lead to a communication of motion nearly in a
parallel direction, and this may properly be termed friction.
The lateral pressure which urges the flame of a candle
towards the stream of air from a blow-pipe, is probably
exactly similar to that pressure which caunses the inflection of
a current of air near an obstacle. Mark the dimple which a
slender stream of air makes on the surface of water ; bring a
convex body into contact with the side of the stream, and the
place of the dimple will immediately show that the current
is inflected towards the body ; and if the body be at liberty
to move in every direction, it will be urged towards the
current in the same manner as, in Venturi's experiment, a
fluid was forced up a tube inserted into the side of a pipe
through which water was flowing. A similar interposition of
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an obstacle in the course of the wind is probably often the
cause of smoky chimneys.”

If, instead of the jet of air used in these experiments, we
employ a jet of steam, produced under a pressure of 32 lbs. to
the square inch, the attractive power is very considerable,
The steam, as it escapes from the boiler, forms a cone, as in
Dr. Young's experiments, and the quantity of air set in
motion is equal to 217 times the bulk of the cone of steam.
The force with which the particles of air surrounding this
cone are drawn towards it was illustrated by Dr. Faraday
in a lecture at the Royal Institution, in various striking ex-
periments. Hollow balls of 1 and 2 inches diameter were
drawn into the cone, and sustained floating in the line of its
axis even when, by an arrangement of the apparatus, the
axis was thrown 35° out of the perpendicular. An upright
glass tube, 18 inches long and 1 inch diameter, having one
extremity plunged in water and the other drawn into a
capillary jet, was immediately exhausted of its contained air,
the water being drawn up from the end of the tube, when
the capillary jet was placed within the indraught of air
occasioned by the cone of stcam. By surrounding this cone
of steam with a cylindrical jacket, the effects were still more
remarkable in increasing the draught power of the jet. The
air within the jacket is expelled, and a partial vacuum pro-
duced, whereby the air rushes in to supply the vacant space,
sweeping before it, in its current, any light bodies, such as
paper shavings, hollow balls, &e., and projecting them with con-
siderable force from the top of the jacket.®* In the arrange-
ment proposed by Mr. Barry for ventilating the House of

¥ It was shown, many years ago, by Clement Desormes, that when steam,
under high pressure, is allowed to escape from an orifice pierced in a plate,
or the flat side of a boiler, and a flat dise is bronght close to this plate, the
disc is powerfully attracted to the plate. In this case, the elastic force of the
steam issuing from the jet, and which tends to separate the plate and dise,
diminishes rapidly in its course from the centre to the edges of the disc; at
the same time, the radial currents, by their indraught, bring the two plates
together with a power which is so much greater than the former, that the
two surfaces adhere.

This experiment may be shown in a popular manner by the following con-
trivance :—Cut a couple of cards each into a disc of about 2 inches in
diameter, and perforate one of them at the centre, and fix it on the top of a
tube, such as the barrel of a common quill; then give the other card a slight
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Lords, this jacket formed the ventilating shaft, and its value
will be seen from the following sketch of the general arrange-
ments proposed for warming and ventilating the House, as
cathered from a lecture by Dr. Faraday at the Royval Institu-
tion, on the 26th March, 1847.

Mr. Barry’s plan has been applied to the royal ante-
chamber, the House of Peers, and the public lobby. It
consists, first, in causing a current of air of regulated tempe-
rature to pass beneath the impervious floor of these apart-
ments, and afterwards to rise to a chamber at the top of the
building, from whence it is diffused in great abundance, but
imperceptibly, throughout the three apartments; and secondly,
in drawing off the vitiated air, and discharging it with great
rapidity into the atmosphere. To accomplish these objects,
methods have been contrived for—1st, Warming the building
through an impervious floor, as in the case of a Roman bath.
2nd, Effecting a system of currents. 3rd, Providing means
for causing 10,000 cubic feet of air per minute to proceed on
a prescribed course and regulated velocity. 1st, As to the
mode of warming : a steam cockle, supplied from one of
Lord Dundonald’s boilers, is traversed by a quantity of air
tubes firmly fastened into it. The air which passes through
these tubes is the source of warmth. This apparatus, with
its furnace, is placed beneath the public lobby, and the
current of warm air passes beneath its impervious floor, then
beneath that of the House of Peers, and, lastly, beneath the
floor of the royal antechamber beyond. With warmth, the
air acquires a certain degree of motive power in the rising
parts of the passages, which carries it onward till it reaches
the reservoir chambers at the summit of the building ; from
thence it is made to pass down into the apartments by their
walls, and so distributed, without draught, to be breathed by
the inmates of these rooms. This gradual diffusion of the
bend, and place it over the first, with the convexity upwards, so that the
orifice of the tube may be directly under and almost in contact with the
upper eard; hold the two cards horizontally, and blow through the tube, it
will be found impossible to blow off the upper card.

The attractive force of the blast of air may also be shown by placing the
upper card upon the table with its concave surface upwards: then bring the

other card immediately over it, and blow through the tube ; the card will starg
up from the table and adhere to the other, so long as the blast is sustained.
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air is accomplished by, 2nd, A system of currents, which are
caused by subjecting the air to inequalities of temperature,
Descending by the walls of the building, it is cooled by the
windows, &c., and thus its velocity downwards is increased.
Arriving at the level at which it is at once heated and
deteriorated by respiration, combustion, &ec., the air again
rises in the centre of the room, and passes through the
ceiling into a foul air chamber, which is in connection with
a chimney. Through this chimney the air is driven by a
steam jet, which, as already stated, will set in motion 217
times its own bulk of air. It was shown by Dr. Faraday, in
this lecture, how the steam cockle employed to give warmth
in winter, might, by filling it with water from the Artesian
well, become a source of coolness in summer. The advantages
of Mr. Barry's method of ventilation are thus summed up:
1st, The prevention of local draughts. 2nd, The prevention
of the stains and disfigurements resulting from such dranghts.
ord, The avoidance of all movement and dispersion of the
dirt and dust of the House by currents occasioned in it, which
currents, if existing, would tend to render the air impure.
4th, The avoidance of all sudden changes of temperature.
Finally, it was noticed that all parts of the House were fire-
proof, and that this scheme of ventilation was under a dis-
advantage, as it had to be adapted to buildings which were
not planned with reference to it.

Objections have been made to the vacnum principle of
ventilation, on the ground that the air within the room or
building thus ventilated is rarer than that without, and that
air, even slightly rarefied, occasions languor and uneasiness
to persons who are not in robust health, whereas the opposite
condition, or condensed air, has a bracing effect both on the
body and on the mind. Schemes have been proposed at
different times for making air-tight rooms, in which air was
to be pumped in or out, according to any degree of pressure
adapted to the wants and feelings of the occupants. Thus
Dr. Henshaw, in 1664, acting upon one of Mr. Boyle’s specu-
lations, proposed such a room “by which any person may
receive the benefit of a removal to another climate, at any
season of the year, without removal from his own house, oz
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negleeting any employment whatever.” This air-tight room
was to be occupied two or three hours in the morning in
chronical cases; but in acute diseases the patient might
remain in it during the whole course of the disease, as in
intermittent fevers, in which case the air was to be rarefied
in the cold fit, and condensed in the hot fit. We are not
aware whether these fanciful speculations were ever put in
practice, but the idea was revived some years ago by
Mr. Vallance, who proposed to construct air-tight rooms,
with an aperture in the ceiling for pnmping in the air, and
a peculiarly constructed door for admitting the occupants in
and out. The doorway was 6 feet high and 6 feet wide, and
was fitted with a eylinder of wood, closed at both ends, and
placed upright. In the side was an opening 4 feet wide, and
on the opposite side a similar opening. In the centre of this
cylinder was a perpendicular revolving shaft, with four leaves
crossing at right angles, fitting the cylinder as closely as its
revolving motion permitted, and yet preventing the escape or
the air at the edges. When a person entered the room, he
placed himself between two leaves, like a turnstile, and in
this way interfered as little as possible with the enclosed air.
A pipe was fixed to the aperture in the ceiling and carried
through the roof, where it was inserted a few inches into a
cistern of water. Air was injected into the room by means
of machinery. When the weather was warm, the injected
air was cooled Gy being passed through pipes surrounded by
cold water; and if heated air were required, the pipes were
surrounded by hot water. As the fresh air was pumped in,
as much vitiated air was forced out at the pipe in the ceiling,
and it escaped through the water in the cistern, which thus
ingeniously regulated the pressure of the air in the apart-
ment. When a room is thus filled with condensed air, its
expansive force is exerted so that every crevice about it
becomes a channel to let air out instead of into it, and thus
draughts are effectually prevented.*

From some experiments on this subject by Dr. Junot, it is
stated that “ when a person is placed in condensed air, he
breathes with increased facility; he feels as if the capacity ot

% Vallance, “ Observations on Ventilation,” as quoted by Mr. Bernan.
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his lungs were enlarged ; his respirations become deeper and
less frequent ; he experiences in the conrse of a short time an
agreeable glow in his chest, as if the pulmonary cells were
becoming dilated with an elastic spirit, while the whole frame
receives at each inspiration a fresh vital impulse. The funec-
tions of the brain get excited, the imagination becomes vivid,
and the ideas flow with a delightful facility ; digestion becomes
more active, as after gentle exercise in the air, because the
secreting organs participate immediately in the increased
energy of the arterial system, and there is, therefore, no
thirst,”

Dr. Ure, in advocating the plenum method of ventila-
tion,* gives an example of the effects of condensed air upon
some workmen engaged in sinking a shaft to a great depth
through the bed of the river Loire, near Languin. In this
district the geams of coal lie under a stratum of quicksand,
from 20 to 22 yards thick, and they had been found inacces-
gible by all the modes of mining previously attempted.
M. Triger, an able engineer, constructed a shaft encased
with strong tabing, formed of a series of large sheet-iron
cylinders riveted together. At the top of this eylinder was
an air-tight antechamber, into which air was condensed by
forcing-pumps with sufficient force to repel the water from
the bottom of the eylinder, and thus enable the workmen to
excavate the gravel and stones to a great depth. The com-
partment at the top had a man-hole In its cover, and another
in its floor. After the men had entered they shut the door
over their heads, and then turned the stop-cock of a pipe in
connection with the condensed air in the under-shaft. An
equilibrium of pressure was soon established in the ante-
chamber by the influx of the dense air from below, whereby
the man-hole in the floor could be readily opened to allow the
men to descend. Here they worked in air maintained at a
pressure of three atmospheres (or 45 1bs. on the square inch)
by the incessant action of leathern valved pumps, driven by a
steam-engine. 'While the dense air thus expelled the waters
of the quicksand out of the shaft, it infused such energy into
the miners, that they could easily excavate double the work

# Supplement to the “ Dictionary of Arts, Manufactures, and Mines.”
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which they ecould do in the open air. Upon many of them
the effects were painful, especially upon the ears and eyes,
but before long they became quite reconciled to the bracing
atmosphere. Old asthmatic men became effective workmen ;
deaf persons recovered their hearing ; while others were
sensible to the slightest whisper.®* Much annoyance was at
first experienced from the rapid ecombustion of the candles,
but this was obviated by the substitution of flax for cotton in
the wicks, The above arrangement is now common in
engineering, as, for example, instead of the old method of
coffer-dams for the piers of bridges.

In ventilating a building on the plenum method, Dr. Ure
recommends that the air be thrown in by means of a fan
situated in the basement story, and instances the method
adopted at the Reform Club House (already noticed, p. 244),
where there is a large fan revolving rapidly in a eylindrical
ease, capable of throwing 11,000 cubic feet of air per minute
into a spacious subterranean tunnel under the basement
story. This fan 1s driven by a steam-engine of five-horse
power, The steam of condensation of the engine supplies
three cast-iron chests with the requisite heat for warming

the whole of the building. Kach of these chests is a cube of

3 feet externally, and is distributed internally into seven
parallel cast-iron cases, each about 3 inches wide, which are
separated by parallel alternate spaces of the same width, for
the passage of the air transversely as it is impelled by the

#* Many years ago, Mr. Roebuck and another person allowed themselves to
be shut up in a cavity excavated in a rock, which served as a reservoir of air
for equalising the blast of the bellows in an iron foundry on the banks of the
river Devon, near Alloa, in Scotland. As much as 9,300 cubic feet of air
were injected per minute, under a pressure of 5 inches of mercury. It was
found that sound was greatly magnified, “as we perceived when we talked
to each other, or struck anything : particularly the noise of the air escaping
at the blow-pipe, or waste valve, was very loud, and seemed to return back to
us.” There was, however, no wind to disturb the flame of a candle, neither
was it blown out when it was placed in the eduction pipe of 16 inches
diameter, through which the air passed into the furnace.

1 As powerful blasts of air are not required for the purposes of ventilation,
a rapid movement of the fan is not necessary. Fans making 2,000 revolu-
tions per minute are exceedingly disagreeable from the noise and vibration
occasioned by them. Quantity of air, not velocity, is the object, and for
this purpose, fans of 10 or 12 feet diameter, moving slowly, are to be pre-
ferre

P2
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fan. Dr. Ure describes this arrangement as judicious,
economising fuel, because the steam of condensation which in
a Watts's engine would be absorbed and carried off by the
air-pump, is here turned to good account, in warming the
air of ventilation during the winter months. “ Two hundred-
weight of fuel suffice for working this steam-engine during
twelve hours. It pumps water for household purposes,
raises the coals to the several apartments on the upper floors,
and drives the fan ventilator. The air, in flowing rapidly
through the series of cells placed alternately between the
steam-cases, cannot be scorched as it i1s generally with air-
stoves, but it is heated only to the genial temperature of
from T5° to 85° Fahr. and it thence enters a common
chamber of brickwork in the basement story, from which it is
let off into a series of distinet flues, governed by dialed valves
or registers, whereby it is conducted in regulated quantities
to the several apartments of the building.” In the top story
of the building is a large furnace, the dranght of which is
intended to draw off the air after it has served the purposes
of warming and ventilation in the rooms below. Messrs.
Easton and Amos are the contrivers of this system.

The arrangements in Sir John Robinson’s house at Edin-
burgh have often been referred to asa sanitary model, the
system of ventilation being soperfect that “while the mass of air
in the rooms and passages is constantly undergoing renewal by
the escape of the vitiated air above and the admission of large
supplies of fresh air from below, no currents are perceived in
the apartments, which even when crowded with company and
amply lighted preserve a remarkable freshness of atmosphere.”
The sectional area of the cold air passages is about 14 square
feet, and they are left open in the coldest weather, provided
there is not much wind. The air passages are formed of
cylindrical flues of earthenware, 9 inches in diameter, built
into the gables, close to the smoke-flues. The lower ends of
the ventilating flues open into spaces between the ceilings of
the respective rooms and the floors above; and one or more
exit air-flues is provided for each room. The hot, vitiated
air passes up through the ceilings by a continuous opening
of about 1% inch in width, behind one of the fillets of the
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Fig. 127, Warming and Ventilating Arrangements in Sir Johz
flebinson'’s House,
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cornice, all round the rooms, and, having passed into tha
space between the ceiling and the floor above, it ascends by
the flues in the wall, and is discharged into the vacant space
between the attic ceilings and the roof, and thence through
the slates to the open air. This last part seems to be a
defect in an otherwise excellent arrangement. If the joints
of the slated roof do not afford a sufficient exit for the hot,
vitiated air, there will be a resistance, and consequent cooling
or condensation by the cold surfaces of the slates, exposed as
they are to the direct action of the outer air. A turret or
louvre scems to be wanting on the roof. The passage for
the hot air through the cornice is not visible from the floor
of any of the rooms. The air flues terminate above the
ceilings of the attics, and below the roof, to prevent smoke
being carried down them by reverse currents. The supply
of fresh air to the house is from a garden behind; it is
conveyed by a passage, ¢, Fig. 127, which has a sectional
area of 8 square feet. There is also a similar passage in
front of the house. The air thus admitted is warmed by a
cockle to from 64° to 70°. In very cold weather, 70° is
preferred, to allow for the cooling effect of the walls and
windows, and thus to maintain a constant temperature of 60°
throughout the house. The air thus warmed is discharged
into the well, w ¢, of the staircase, from which the rooms draw
the supply required for maintaining the upward currents in
the chimneys and in the ventilating flues. The air from the
well gets into the apartments by means of masked passages,
4 or 5 inches wide and 4 feet long, over the doors, and by
openings about 1 inch in width under each door. The
sectional areas of these passages are more than equal to the
areas of the chimney and ventilating flues, so that as the air
within is not much rarefied, there is but little tendency in
the outer air to enter at window chinks and other apertures.
The course of the air from the large aperture ¢ over the
stove, through the staircase, over and under the doors, into
the rooms, and thence through the ceilings, and upwards
by the escape-flues, is shown by the direction of the arrows:
the quantity of escape is regulated by means of throttle-
valves at the mouth of each escape-flue, by which the rate



VENTILATING PRIVATE HOUSES. 319

of the ventilating current can be increased or diminished.
The kitchen is ventilated in a similar manner. One flue
proceeds from the ceiling over the fire-place, and another from
over the gas cooking-stoves. The first flue is built in the
gable close to the smoke-flue, and the second passes npwards
by the back of the cistern and pipes of a water-ﬂlm?-ct, thus
protecting them from the action of frost. p is the pipe con-
veying the smoke from the fire which heats the cockle into
the smoke-flue, f /. At d is a damper for regulating the
dranght of this fire.

In the above arrangement, the cockle-stove was used as
the source of heat. There are many cases in which the
Arnott stove may be used as a means of warming and venti-
lating, when placed in one of the lowest rooms of the house,
and used as a source of heat to the air supplied to the house
from without, as in the following ingenious application of it
by my late friend Mr. Charles Cowper. In a letter to me a
few years ago he says :—

«T tried an experiment this winter, and derived con-
siderable advantage from it, for the water in the jugs in the
top rooms of my house did not once freeze, notwithstanding
the intense cold. My house consists of four floors of two
rooms each, with a wash-
house outside at the back.
The back kitchen is but little
used, so I put one of the
smallest Arnott stoves, 14
inches square, in it, apply- i

: ~

ing a sheet-iron plate to close =
up the chimney of the kitchen \LQ, — |
range. 'I'his heated the stair- Fig. 128. Method of Warming and
case a little way, but the heat Ventilating.

could only get up by means of an upward current under
the flight of stairs, and a downward current on the stairs,
as shown in Fig. 128, I found that in all states of the
wind there was a strong inward current of air at a door
opening into the outer air from the back kitchen. There
were also inward currents of air even at the top windows of
the house. I believe this is the case in nine houses ont of

il
NS :
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ten, although the house being warmer than the outside, ths
air ought to enter at bottom, and escape at top. This shows
that there is no proper entrance provided for the air, and
consequently it 1s no wonder that we have smoky chimneys.
I therefore had a zine pipe, 5 inches diameter, a, Fig, 129

s

Fig. 129. Arrangement of an Arnott Stove.

brought through the wall, and directed against the side of
the stove, to which I fitted a piece of sheet-iron, so that all
the air entering at the pipe might be forced to spread itselt
over the exterior of the stove. I have a damper in the pipe,
but it is left full open when the stove is in use. I have thus
a 5-inch column of air always pouring into the house, and
heated to a comfortable temperature by the stove. This has
much diminished the tendency of the fires to smoke, although
there is still sometimes a down draught in the wunused
chimneys. The chimneys in regular use never smoke now.
I consider it quite successful as far as it goes; but it would
be much better with a larger stove and a larger pipe. I had
nothing to guide me as regards the size of the pipe, except
a few experiments by opening the back door %, 1, and % inch,
and noting the effect, and the area of passage thus produced.
In the coldest weather the pipe admitted about as much air
as the stove could take the chill off, If I were going to do
it again, I should make the case to surround as much of the
stove as possible, and make the pipe A much larger, say 10
inches, or with a larger stove 12 inches. I think it is the
right principle to have a large free opening for air at the
bottom of the house. This would stop the cold draughts in
at windows, and prevent down draughts in flues and smoky
chimneys. The air thus entering must have the chill takea
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off it, say raised to 50° or 60°; and there should be apertures
from the staircase (which is the air main) into the different
rooms, that is, if the leakage round the doors is not enough.
Perhaps the best plan would be, holes through the top of the
door (as in Fig. 130), with a shield to throw :

the air up if desired. Ifa room be supplied
with air at 50°, a very small fire in the room
would serve for comfort, and for carrying off

the foul air. It might perhaps be thought that

the warm air would all go up to the top of the =
house, but I find that the staircase is very con- %
siderably cooler at the upper part, and gets :
gradually warmer and warmer in descending
from the top to the bottom. I have no doubt
that a larger entrance-pipe for the air would
send the heat up higher, but I have no fear
of tno much heat going to the top. With my
5-inch pipe, I have still both ascending and descending
currents on the staircase, and I think this will always be the
case,

“T had a good deal of trouble at first by the products of
combustion from the stove coming back into the room round
the iron plate, which was not builtin, I found that this was
owing to the flue of a copper in the washhounse entering the
same chimney near the bottom, so that the air blew through
the copper flues, and down the chimney into the room. I
made a wooden stopper covered with canvas, to fit the front
of the copper furnace, which effectually cured this defect.”

A combined method of warming and ventilating was re-
commended in the Report on the Warming and Ventilation
of Dwellings, to which reference has been already made.
The difficulty of applying a good system of ventilation to all
descriptions of dwelling-houses is admitted, and especially to
old houses, where the flues and other constructions are not
adapted for its introduction; but much might be done in
every dwelling if the supply of air for the fire were separated
from that required for ventilation. In new buildings the
necessary contrivances, flues, channels, &e., could easily be

introduced, and a good system of warming and ventilating
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be at once adopted. Thus, for example, in the section
shown in the accompanying steel engraving, an attempt
is made to keep the air of the room and that which passes
through the fire separate; and thus, while securing the
advantages, to get rid of the defects of chimney ventilation.
Suppoge that in such a house there are eight rooms with the
fire-places arranged back to back against the partition wall ;
it is proposed in this case to convey all the products of com-
bustion into a single vertical flue, b b, while to supply the
fire, air ducts or channels, f f, leading from the external
atmosphere, are introduced beneath the flooring in each room,
and opening to the fire at the hearthstone. The chimney
or single flue would probably not require to be more than
O inches in diameter, and might be made of clay-pipes
vitrified or glazed inside. Immediately above the fire-place
in each room, the smoke-flue, b 5, would have a descending
branch flue to fit into the throat above the fire-grate, and
this part would be constructed so as to be air-tight in
relation to the surrounding air chambers. On this plan the
products of combustion from all the fires of the house are
collected into one flue with the kitchen fires at the bottom, so
ns to ensure more or less heat passing up the chimney at all
times of the year. Around the smoke-flue, b, it is proposed
to leave an open annular space, ¢ @, passing up the whole
length of the chimney, from the top of the kitchen flue to the
full height of the shaft at & 2, Fig.1. This might be made of
an octagonal form, as shown in plan, Fig. 2. This chamber
would become the means of relieving the rooms of their
vitiated air, the heated smoke-flue cansing a constant current
to rise through it, carrying along with it the injurious products
of each room by the apertures, ¢ ¢ ¢, and passing off above by
the apertures, 2 h, beneath the chimney cornice. * Thus,
the fire being supplied with air by a sufficiently capacious air
duct, the constant loss of heat and draughts from windows
and doors are obviated, while at the same time the air of the
room is kept pure by the passing away, at all times during
the day and evening, of those portions least fitted for respira-
tion, and without the possibility of the passage of smoke
through the apertures intended for ventilation,” Should one
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smoke-flue be liable to counter-draughts descending from the
fires on one side to those of the other, two smoke-flues might
be fixed in the air chamber, as at &£ %, Fig. 3; or the single
flue might be divided by a partition as at nn, Fig. 4; either
of which plans would prevent ascending currents from one
room descending into another room. It is clearly seen that
this system would not only diminish the quantity of smoke
from the fires, but would retain the air surrounding the
smoke-flue at all times in a rarefied state, ensuring a constant
current of fresh air passing through the different rooms, and
requiring no other fire except that of the kitchen to be
lighted. The perfectly straight vertical flue would admit of
great facility in brushing and cleaning, and by extending the
tube or tubes downwards, a dust-hole, g, Fig. 1, might be
formed under the kitchen fire from which the soot could be
removed as it accumulated, at convenient intervals. A pzr.
fectly close and tight damper should also be fixed in the throat
of each fire that communicates with the vertical smoke-flue, so
_as effectually to shut off any particular room from the smoke-
flue during the summer months when fires are not used.

A great saving of fuel would be produced by double panes
of glass in small rooms, and double sashes in large rooms,
with a stratum of 5 or 6 inches of air between the two sashes.
In rooms where the glazing surface is large, double sashes
are more needed than in smaller rooms. Double windows
would also greatly diminish the effect of street noises.

The Commissioners found that the use of gas for heating
purposes, in places remote from the coal districts, was too
expensive, but many attempts have been made to ventilate
the rooms of an ordinary dwelling-house in which gas is
used for illuminating, by means of the heat thereof. The
following plan is by Mr. R. Brown, of Manchester. Through
an opening in the ceiling is passed a wide tube, one end of
which conveys the foul air to the outside of the house, and
the other projects a little below the level of the ceiling. The
cas-pipe enters on one side, and is bent so as to hang per-
pendicularly in the centre of the tube, and carries an annular
burner at the lower extremity. The burner is surrounded
by a glass chimney, which is supported at its top on a
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metal cone-piece, and secured to the lcwer extremity of the
tube by screws, The whole of this arrangement is sur-
rounded by a hemispherical glass shade, the mouth of whiel
is uppermost, and its upper edge is a few inches below the
level of the ceiling. The shade is attached at its upper edge
by serews to a metal ring, and is hinged to a second ring
fixed to the ventilating tube by radial arms. This outer
shade can be lowered by means of a cord, for the purpose of
lighting or cleaning. A highly polished metal reflector is
also added to increase the effect of the light. The air of tke
apartment passes off in the strong draught occasioned by the
burner, and a fresh supply of air is admitted at the lower
part of the room,
In the ventilation of public buildings which are open
chiefly by night, such as theatres, concert rooms, lecture
halls, &ec., the means adopted for
T lighting usnally form a powerful ven-
¥ T/ tilating force. A direct experiment
P was made by M. Morin, to show how
1§ % i) far the gas used for lighting the room
might not ouly remove the vitiated air,
but be the means of introducing a pro-
portional quantity of fresh air. For this
purpose the window frame was removed
from the window of a large dining-
room, and the space was filled up with
a zine box, abcd (Fig. 131), divided
by vertical partitions, e g, into three
compartments ; the middle compart-

g

= ] ment had an opening, ¢ near the

‘?b'fn %TT"E‘*ﬂ bottom, by which the air was drawn
_Z T@ £ out of the room, and near the top on
» 727 & — the further or exterior side was an
Sectton o XX opening, 71, for the discharge of the

Fig. 181, Armangement for vitigted air. About midway in this
ighting and Ventilation. :
compartment were a dozen jets of gas,
before which was placed acurved glass pane, m m, through
which the dining-room was illuminated. Thus a ventilating
force was established by means of the gas jets in this central
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compartment, the air of the room passing from ¢ to the out-
side through the aperture At the same time fresh air was
allowed to enter by the two outer partitions, which were
furnished with openings, nn, on the outside, which air,
passing up through these two outer partitions, escaped into
the room through the meshes of the wire gauze, o o, placed
near the top.

During the day, when the pressure of gas was weak and
variable, the results of the arrangement were variable; but
as a general result it was found that the combustion of a
cubic metre of gas, or 35 cubic feet, produced a discharge of
13,650 cubic feet of air at a mean temperature of 131° Fahr.,
thereby bringing in a supply of fresh air equal to from
14,000 to 15,400 cubic feet.

It is stated that a more powerful effeet would have been
produced if the gas had been divided into a number of
separate jets enclosed within a larger number of ventilating
openings; but under the conditions observed, from twelve
to fifteen persons in the room during four or five hours

in the evening were supplied each with more than 19 cubic
feet of fresh air per minute.







APPENDIX,

HISTORICAL NOTE ON THE INVENTOR OF THE
SO-CALLED POLIGNAC FIRE-PLACE.

WHEN this book was re-issued in 1858, a correction was made with
respect to a statement in the First Edition, and although the
interest that attaches to it is purely historical, it is right to repeat
it here. Its effect is to restore to an old inventor the honour of
which he has been most unjustly deprived. At pages 88 to 94
of this edition, the celebrated Polignae fire-place, which has served
as the type of many modern inventions, is described. Ilaving had
to write an article a few years ago on “ Warming and Ventilation”
for the Quarterly Review, I had occasion to inquire under what
circumstances so great a man as the Cardinal Polignac made this
useful invention. Mr. Bernan states in his ¢ History of Warming
and Ventilating Rooms, &e.,” that the Cardinal wrote the deserip-
tion of his fire-place under the assumed name of Gauger, and my
description of the fire-place already referred to was taken from
(Gauger’s book. Mr. Bernan opens the second volume of his work
in the following manner :—

“The Cardinal Polignac is known as one of the most classic of
modern Latin poets; and his biographers, in their admiration of his
nervous versification, profound reasoning, and bhenevolence of senti-
ment, place him almost above the great Roman author whose
opinions he combats and overthrows,

“A small work in a different style of composition, and on a
somewhat unpoetical subject, that he composed in 1713, also
possesses superlative merit. In this useful treatise the cleric
prince observes, that persons who value a machine only from the
apparently great effort of genius required to invent it, from the
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complexity of its parts, the difficulties encountered, and money
spent in bringing it into notice, will find little to please their
romantic taste in his performance. Dut those of a more correct
jzdgment, who can see worth in a contrivance notwithstanding
its simplicity of construction and easiness of execution, will per-
haps prefer his apparatus to more ostentatious productions; and
what, for instance, can be more pleasant, useful, economical, and
necessary, than to know how to make a fire speedily, and make
it burn vividly without the aid of bellows? to heat a capacious
room with a small fire, and at the same time breathe an air fresh
and pure, as well as healthily warm ? In Le Mécanique a Feu
he shows how these and other desirable comforts may be obtained
by means of a very simple contrivance.””—BERNAN, vol. ii. p. L
This statement of Mr. Bernan, repeated by subsequent writers,
that the Cardinal de Polignac was the inventor of a new and
greatly improved fire-place, and that he described it in a treatise
published in 1713, induced me to examine more carefully the
original treatise. I found two copies of the work in the Library
of the British Museum, but these were reprints published at
Amsterdam in 1714; and on the title-page the author’s name
appeared as “ Monsieur G * * *.” 1 also found in the same
library an English translation of the treatise *set forth in French
by Monsieur Gauger,” published in 1716. I also found in the
Library of the Royal Society a translation, or rather an adaptation
of the work by Dr. Desaguliers.* To my surprise the learned
doctor gave no hint as to the illustrious authorship of the hook,
a circumstance altogether unaccountable if he were aware of it;
for what so likely to make his translation popular, or to favour the
introduction of the stoves into England, which appears to have
been his intention? To suppose ignorance in Desaguliers, would
be to suppese what is scarcely possible, namely, that so eminent a
personage as the Cardinal de Polignac should have caused the
stove to be constructed, should have allowed his friends to see it

¥ “Fires IMPROV'D : Being a New Method of Building Chimneys, so as
to prevent their Smoking: in which A Small Fire shall warm a Room better
than a much Larger made the Common Way. With the manner of altering
such Chimneys as are already Built, so that they shall perform the same effects.
Illustrated with Cuts, ritten in French, by Monsieur Gauger: made
English, and improved, by J. T. Desaguliers, M.A., F.R.S. By whom is
added, The Manner of making CoAr-Fires, as useful this New- Way, as the
Woop FIrEs propos’d by the French Author. Explain'd by an additional
Plate. The whole being suited to the Capacity of the meanest Workman."
London, 1715,
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in action, and should have published an elaborate deseription of
it, and yet should be able to prevent the authorship of the treatise
from becoming speedily known all over Europe. I next consulted
the biographical notices of the Cardinal for information on this
point, but in vain; yet, meeting with a passage in Madame de
Sevigné's letters, in which she said of Polignae, “Il1 sait tout,
il parle de tout, il a toute la douceur, la vivaeité, la complaisance,
qu'on peut souhaiter dans le commerce,” the probability acain
dawned upon me, that with talents so versatile, he might, after
all, have been the inventor of the fire-place. Accordingly, I
looked through a more copious life of the Cardinal, written by
Pére Faucher, and published in two volumes in 178). This work
supplied much that was amusing and interesting: it described its
hero as an orator, a poet, a diplomatist, an antiquarian, and what
was more to the purpose, a cultivator of the arts and sciences,
but still not a word about the fire-place. Again, knowing that
Dr. Franklin had taken this so-called Polignac fire-place as the basis
of hisimproved Pennsylvanian fire-place, I consulted Dr. Franklin's
works, and found him more than once referring to these stoves as
the invention of a Monsieur Gauger, and not once aseribing them
to the Cardinal. Anxious, if possible, to see the Paris editions of
the treatise ascribed to Polignac, I repaired to the library «f the
Royal Society, where I found the edition published at Paris in
1749, with the name of the author, Monsieur Gauger, honestly
looking onein the face. It then occurred to me—what, if afier all,
Gauger should have been a real personage, and not a mere nom de
plume? TImpressed with this idea, I consulted the Biographie
Universelle, and in the sixteenth volume, published in 1816, I
found the following entry, “ GAUGER (Nicuoras),” prefacing
& notice of his life by M. Pataud, a few points of which it is of
importance to state.

“Nicholas Gauger was born near Pithiviers, about the year
1680. He early devoted himself to the study of experimental
philosophy, and supported himself by giving experimental lectures
in Paris. His character and acquirements gained him the friend-
ship of P. Desmolets of the Oratoire, and of the Chevalier de
Louville. The latter said that Gauger, in repeating the experi-
ments of Newton, arrived at more certain results than any of his
competitors. Gauger died in 1730, after having published a worlk
entitled ¢ Mécanique du Feu, ou I’Art d’ en augmenter les effets
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et d’ en diminuer la depense’ The first part of this worl cone
tained the ¢ Traité des nouvelles Cheminées qui échauffent plus que
les cheminées ordinaires, et qui ne sont point sujetes & fumer.’
Paris, 1713, 1749, in 12mo., embellished with twelve plates. This
work has been often reprinted, and translated into different lan-
guages, and includes a great part of the inventions of this descrip-
tion, which have since been published as new. It contains an
account of those healthful fire-places and stoves in which there 13
a double current of air, invented by the same author, and deseribed
in the Collection des Machines of the Academy of Sciences for the
year 1720, Nos. 218 to 222. Gauger’s process having been followed
for the first time by his brother, a Chartreux monk, the fire-places
made after that principle came to be called fire-places a la Char-
trewse.” I learn from the same memoir, that in 1728, Gauger
published an essay on the refrangibility of the rays of light, and
also an answer to the ohjections to Newton’s Theory of the Com-
position of White Light. It appears from the title-page of an
essay on Thermometers and Barometers, published in 1722, that
Gauger was “ Avocat au Parlement de Paris, et Censure Royale
des livres,”

With this evidence before me, and more to which I shall
presently refer, I returned once more to the consideration of
Mr. Bernan's work, and found that he continued in the same
strain as the extract above given, to describe through fourteen
pages “ the Cardinal’s” invention, and to give us “the Cardinal’s”
thoughtson the matter in “ a style of composition ” unlike enough
to the polished diction of Polignac. He repeatedly ascribes the
authorship of Le Mécanique @ Feu, as he persists in calling La
Mécanique du Feu, to Cardinal Polignac; in one place saying,
patronisingly, “In his meritorious treatise, the Cardinal delineates
several complex varieties of his fire-place,” vol. ii. p. 6. In
another, in Le Mécanique @ Few, the Cardinal describes one
“arrangement of his fire-place with the caliducts or meanders
perpendicular,” &e., p. 7. “This arrangement was deservedly
recommended by the Cardinal as the best of the series described
in his treatise,” p. 11. “ And the whole arrangement, continues
the Cardinal, is so simple, so convenient, and easy of execution,
that it is best adapted for general use, and ‘I myself at this
moment apply it to very good purpose,’” p. 12. “In the course
of his experience the Cardinal found that his fire-place was a
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perfect specific against the annoyance of smoke in rooms, which
destroyed the lungs of those who breathed it, and smutched the
finishings of the walls, furniture, and everything in the apartment,
‘and particularly the lace, linen, skin, and eyes of the ladies,””
p- 14. Mr. Bernan went a step too far for the most credulous of
readers when he ascribed to Polignac, the most polished gentleman
and finished orator of his age, any term which could be translated
into the “ smutched eyes ” of ladies. At p. 119 he returns to the
subject, and says that * Cardinal Polignac attempted to reflect the
radiant heat into the room from parabolic covings.”

Could one suppose that Mr. Bernan’s statements were made in
ignorance, or that they had arisen from some unaccountable
blunder, or from a too credulous following of previous writers,
one might be disposed {o pardon, while we must continue to
deplore, an error which has led others astray. DBut when I
observe that he has consulted all the authorities where the truth
stands plainly revealed—that he has consulted Desaguliers’ transla-
tion of Gauger's work, that he quotes from the * Ixperimental
Philosophy " of Desaguliers, and even from the very same postscript
in which the doctor says—*“In the year 1715 I translated from
the French a book called La Mécanique duw Feu, which I knew to
be written by Monsieur Gauger, a very ingenious gentleman of
Paris, though he concealed his name ;”* when I find that M.
Bernan is aware of the engravings of Gauger's fire-place, in the
Memoirs of the French Academy of Sciences for 1720, where the
invention is fully described and imputed to its rightful author,
and where the question of the printed treatise is not left doubtful,
but is thus noticed:—* M. Gauger a fait un Traité sur cette
matiére intitulé La Mécanique du Few ou il 8 etend beaucoup sur
cette sorte de cheminédes, &e.;” ¥ when I find, moreover, that
Mr. Bernan has consulted Dr. Franklin's writings, where, in a list
of fire-places, mention is twice made of these of Gauger, and refer-
ence made to M. Gauger’s tract, entitled LZa Mécanique du Feu ;"'
when all these things are considered, with a knowledge of the
fact that both Gauger's Life in the Biographie Universelle,§ and

¥ Desaguliers’ “ Experimental Philosophy,” vol. ii. p. 557. London, 1763,
T Machines et Inventions approuvées par L'Aecadémie Royale des Sciences,
Tome quatriéme. Depuis 1720, jusqu’ 1726, Published at Paris, 1735.

1 “The Works of Benjamin Franklin.” By Jared Sparks, Boston, 1840,
Vol. wi. pp. 38 and 41.

§ Biographie Universelle, Tome xvi. pp. 576, 577,
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Polignac’s Memoirs by Faucher,* were as open to Mr. Bernan as they
were to any one, and that while in the latter there is not a syllabla
of any such invention being attributed or attributable to the
Cardinal, in the former there is a distinct mention of Gauger's
inventions, with the full title of the book which describes them
( Mécanique du Feu, &c.), a notice of the parts into which the
work was divided, its success, and translation into other lan
guages, &e.,—considering this, my conclusion is, that Mr. Bernan
has committed one of the most unaccountable blunders which has
come under my notice for many a day.

® Histoira du Cardinal de Polignac, By Pére Faucher. Paris, 1780,
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Absorbing properties of various substances,

Action of the chimney, 100.

Aerial sewers, 277,

Air, action on the blood, 13; activity of
the, 34; as a motive power, 4; cold
produced by the expansion of, 47; con-
densed, effect of, 312 ; effect of, in the
pipes of hot water apparatus, 169 ; ex-
pansion of, when heated, 100; fresh,
where best admitted, 221; heat produced
by the compression of, 47 ; howto get rid
oF foul, 219 ; impure, effect of breath-
ing, 15, 22; methods of purifying, 271;
mingling of the various layers of, in a
room, 209; necessity of moisture in
the, 195; edour of respired, 14; gquan-
tity required for each person, 12, 214;
quantity required for ventilation, 214;
rarefied, effect of, 812 ; rarefied by the
gun, 2; respired, action on water, 14;
respired, loss of oxygen in, 14 ; supply-
ing the fire with, 103; temperature of
the, 226 ; uniformity of, in a room, 209 ;
vitiated, effect of, 18; want of suffi-
cient, the principal cause of smoky
chimneys, 104,

Air-chamber, grates with, 192,

Air currents, force of, 211; motion of, in
a room, 210.

Air-flues, hollow brick, 125.

Air-tight rooms, 515,

Air-tubes, Sutton’s, 250,

American stove, 131.

Ammeonia, formation of, 7; nitrate of, 8;
properties of, 7.

Animal effluvia, 20.

Animal heat, production of, one of the
oljects of respiration, 14.

Animals, respiration of cold-blooded, 13.

Archimedian screw, 248,

Arnott stove deszcribed, 143; objections
to the, 146 ; Cowper’s adaptation of,147.

arnott’s fire-place, merits of, 119 ; smoke-
less fire-place, 116; valve for chims-
neys, 290 ; ventilating arrangements,
297 ; ventilating gasometer, 251,

Arrangement of steam pipes, 158,

Arterial blood, 13,

Athermanous bodies described, 42.

Atkin’s smoke-consuming grate, 187,

Atmosphere, action on light, 3; action
onrain, 2; action on snow, 2 ; chemical
composition, 5; described, 1; sound
dependent on the, 4; variations of tem-
perature at different levels, 33.

Andiron described, 78,

Azote (see Nitrogen).

Backhoffner's
smoke, 187,

Barry's method of ventilating, 311.

Basset, term described, 280,

Beaumont’s stove, 138,

Bees, respivation of, 200,

Eelper stove, 149,

Bernan’s remarks on Gauger’s fire-place,
95,

Birch, American, its power of conduct-
ing heat, 30,

Birkbeck on ventilation, 2639,

Blood, absorption of oxygen by the, 14;
action of air on the, 13; arterial, 13.

Blower, term described, 283,

Boiler for hot water apparatus, 175.

Boiling point, 48.

Boiling water, variation in the tempera-
ture of, 33,

Bord, term deseribed, 281,

Boulton’s steam warming apparatus, 154,

Bonnemain’s arrangement of hot water
apparatus, 162,

Lrattice, 233.

Drazier, ancient use of, 66; convenience
of the, 67 ; Roman, 67.

Lricks, porosity of, illustrated, 208,

Dritish Museum, application of the high
pressure system at the, 183.

Trown’s system of ventilating by means
of gas, 523.

Tinildings, ventilation of public, 24,

Tuildings, warming by steam, 152,

Bull’s experiments on ascending and
descending flues, 156,

method of consuming

Calorifére, 273.

alorific conduction, 1.

Calorimeter described, 45,

Carbon, description of, T; Its presence
the cause of the luminous property of
flame, T.

Carbonic acid, cause of its noxious action,
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14; described, 8; estimation of the
quantity respired by human beings,
204 ; escape of, through the walls, 208 ;
formation of, in coal mines, 284 ; gas,
poisonous quolities of, 19; quantity
present in various localities, 206;
quantities produced by combustion, 204 ;
Hfoﬁlcgne’ﬁ experiments on, 207 ; sources
of, 12,

Carburetted hydrogen, formation of, in
coal mines, 233,

EcEiéiélg, best form of, 229; evils of flat,

Ceiling of the Hall of Baths, 229; on the
*  forms of, 229,
Cezlggiiugal wheel of Desaguliers, 237,

Chabanne’s methed of ventﬂﬂtin%. 273;
plan of wentilating Covent Garden
Theatre, 273.

Chapelle described, 142.

Charcoal, 7; advantages of, 67; as a dis-
infectant, 272; danger of using as fuel,
19; effect of the combustion of, 63.

Charcoal stove, 147.

Chemical composition, 83 of air, 5.

Chemical function of plants, 11.

Chimney, action of, 100 ; ancient English,
76; cause of smoky, 102 ; draught, 213 ;
early form of, 74; first introduction
into Bome, 76; &rst notce of, 75;
Gauger on the .construction of, 90;
origin of the, 73; shape of the, 101.

Chimney pot, influence of the form of, on
the passage of smoke, 100,

Chimney of Rochester Castle, 75.

C]égr c:ney valve, Franklin’s, 200; Armott’s,

Chinese hypocaust, 70; method of using
coal, 72 ; method of warming, 72.

Choke damp, 284.

Churches, ventilation of, 233,

Circulation of the water in hot-water
apparatus, 164.

Close stove, objections to, 130.

Clothing, advantages of, over fucl to keep
up the temperature of the body, 64.

Cloths, fire, described, 86,

Coal, first use of, 79; compozition of, T;
cradle for burning, 81 ; method of get-
ting from the mine, 230, 281 ; prejudice
against the use of, 81; proclamation

ainst the use of, 80,

Coal-gas, injurious effect of, 21 ; products
of, during combustion, 277 ; measures,
279, 280,

Coal-mines, accidents in, 287; described,
279; Faraday on the safety of gases
formed in, 283; mode of ventilating,
285; necessity for ventilation in, 285;
use of fans to ventilate, 288.

Coke, first use of, 51.

Coke fire-place, Winter’s, 84,

Cold, apparent reflection of, 59.

Cold, produced by evaporation, 54 ; by the
expansion of air, 47.

Combination, difference between chemi-
¢al and mechanical, 8.

INDEX,

Combustion, as a means of venlilation
2523 carbonic acid produced by, 205;
described, §; first notice of ventilation
by, 252 ; identity with respiration, 10;
illustrated, 6; products of, 6, 19.

Combustion of oil, products of, 275.

Combustion of smoke, 119.

Condensed air, effects of, 312.

Conisborough Castle, clhimney cf, de-
scribed, 73,

Convection of heat, 33,

Conveyances, ventilation of public, 26.

Cornice, ventilating, 232,

Cottager's stove, 126.

Count Rumford’s essays, 111.

Covent Garden Theatre, means of venti-
lating, 273,

Cowls described, 105.

Cowper's application of Amott’s close
stove, 147 ; method of ventilating, 297 ;
plan of ventilating houses, 319,

Cradle for burning coal, £1,

Crystals, condueting power of, 31.

Gng:'i'cnts of air, their motion in a room

[

Currents, ascending and descending,
illustrated, 293; establishment of, in
the hive, 202; force of air, 211.

Curtain valves, 298,

Curler’s sicokeless fire-place, 115.

Dalton’s experiments on the evaporation
of water, 52.

Daniell’s experiments on the saturation
of air, 54.

Davy’s plan for ventilating the House of
Lords, 252.

Davy's safety lamp, 234.

Deacon’s method of ventilating, 299.

Deakin’s smoke-consuming grate, 186,

Desaguliers: an account of, 253 ; fanner,
236; application of fanner, 237; trial
on beard the AKinseale, 238 ; improve-
ments on Gauger’s fire-places, 95 ; plan
for ventilating the House of Commons,
252 : cause of its failure, 253.

Disinfecting power of charcoal, 272.

Dew, 2.

Dew point, 53,

Diamond, 7.

Diathermanons bodies, 42,

Dip head, term described, 281.

Diseases caused by impure air, 21,

Double coursing described, 285.

Down-cast shaft, 282,

Draught of the chimney, 101.

Drip-head, 281.

Dumb furnace desenbea, 256,

Durno’s improvements on the Pennsyl-
vanian fire-place, 98. .

Dutch stove, 130; objections to the, 150;
improved, 140,

Dykes, term described, 230,

Dynamical theory of heat, 55.

Eccentric fan, 243 ; action of, 243,
Edwards’s register smoke consuming
grate, 190,
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Egr%tian wind conductor described,

2‘\::.' -

Electrical effect of impure air, 22.

Equivalent of heat, experiments to deter-
mine the, 50

Expansion the effect of heat, 47.

Energies, mental and bodily, effect of
ventilation on the, 23.

Evaporation, spontaneous, 54.

Factory fan described, 241 ; effect of, 2.4,

Fan, hand, 255.

Fan at the Reform Club, 315.

Fan, eccentric, 243%;: factory, 242: use
of, to ventilate coal-mines, 288,

Fanner, invention of, 236,

Faraday’s opinion on the safety of coal-
mines, 285 ; method of ventilating gos-
burners, 277 ; plan of ventilating lizht-
houses, 276 ; on ventilation, 20, 269,

Fever, plans for employing condenzed air
in cases of, 313,

Fire, method of extinguishing, 194 ; sup-
ply of air to, 103; with descending
flues, 87.

H’e l}ﬂJIE. C]Iil‘lﬂﬂﬂ; 73.

Fire cloths described, 86.

Fire-damp described, 252,

Fire-grate, reneral recommendations on
the, 196 ; Hosking’s, 190 ; of the London
Hospital, 193 ; remodelled, 197.

Fire-guards, 105,

Fire-place, ancient, 77; Arnott’s smoke-
less, 116; Cutler’s smokeless, 115;
Gauger’s improved, 91; various forms
of ditto, 92; of Conisborough Castle,
T4 ; Lioyd's described, 120; note as to
the invention of the Polignac, 327;
objections to the open Pennsylvanian,
85 ; Rumford’s, 112; Prince Rupert’s,
85; of Rochester Castle, T6; Savot's
improved, 83; Winter's coke, 84.

Flame described, 7.

Flat ceilings, disadvantages of, 223.

Flues, ancient, described, 77; Bull’s ex-
periments on ascending and descend-
ing, 136; fires with descending, 87;
hollow brick, 125; proposed construc-
tion of, 322,

Food, animal, combustion of, 10; pro-
ducts of the combustion of, 10,

Foul air, to get rid of, 219,

Foul air shaft, 225,

Franklin’s chimney valve, 200; cure of
amoky chimneys, 109; experiments on
the abzorbtion of heat, 42; on fuel, 64;
Pennsylvanian fire-places, 95; ditto
described, 97; Durno's improvements
on ditio, 958; smoke consuming grate,
99 atove, 157.

Freezing, liberation of heat during the
process of, 49.

Freezing of deep lakes, 32.

FI'SEEE air, arrangements for admitting,

Fresh air inlet, 225 ; shafts, arrangement
of, 226; where best admitted, 221;
where best obtained, 227,
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Friction in the pipes of the hot water
apparatus, 167,

Fuel, Franklin on, 64 effect of, on tha
pliysical condition of nations, 62; heat
evolved by the combustion of different
kinds of, 45n.; methods of using, 64 ;
method of using in Persia, 63; Spanish
method of using, 66,

Furnace coil, arrangements of the, 181.

Furnace for hot water apparatus, 176; of
high pressure system, 181.

Fusing point, 47.

Grarbel’s plan of ventilating churches, 253,

Gras burners, ventilation of, 277.

Gas, lighting and ventilating with, 324,

Ga? Tpmclu{:ts of ccal, during combustion,
l'i' :

Gas-stove, 127.

Gas, ventilating by means of, 323,

Gases, absorptive power of different,
62 n. 3 conducting powerof, 31 ; expan-
gion of, when heated, 100; to find the
specific heat of, 46.

Gasometer, ventilating, 251.

Ganger's fire-places described, 91,

Gauger’s fire-place, £9; method of con-
structing chimneys, 90; various forms
of, 92; merits of, 94; Desagliers’ im-
provements on, 95; treatise on warm-
ing and ventilation, 88,

General Post-Office, ventilation of, 244.

German stove described, 132; objections
to the, 1355.

Glass, power of transmittine hieat, 43,

Goafs, deseription of, 282, u i6, 287,

Godard’s gas-stove, 127,

Grate, smoke-consuming, 99; Deakin’s
smoke-consuwming, 186; to prevent dust
from the, 183,

Grate with air-chamber, 192, 193.

Green’s plan of warming by steam, 153.

Griffin’s cotlager’s stove, 126,

Grit, term described, 279,

Hales’s ventilator described, 247 ; experi-
ments on board the Capfain, 248,

Hall of Baths, ceiling of, 229,

Halls, Saxon, described, T73.

Hand fan, 235.

Hawkin’s feeding shovel, 186,

Headways, term described, 281,

Heart, action of the, 13,

Hearth deseribed, 79.

Heat, absorption and radiation of, 40; ab-
sorption of, dependent on the heating
source, 41: action of a ray of, 358;
capacity for, 60; conduction of, 29; cone
vection of, illustrated, 353 ; distribution
of, 29; equivalent of, 563 expansion,
the first effect of, 47; experiments to
determine the mechanical equivalent
of, B6: latent, 47, 49; liberation of,
during freezing, 49; loss of, in steam
pipes, 157 ; metals the best conductors
of, 40; naiure of, 55; pencil of, 43;
radiation of, 36 ; reflection of, illustrated,
88, refraction of, ¢3; resuit of the ap-
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plication of, fo a fluid body, %1; simi-
larity between the radiant properties of
heat and light, 37 ; specific, 44; table
of specific, 46; theory of, 53; trans-
parency of bodies for, 43.

Heat, animal, 11.

Hia}t evolved by different kinds of fuel,

3 n.

Heat of liquefaction, 48,

Heat produced by the compreesion of air,
47

Heat of the spectrum, 43.

Hi%h ﬁrgssur& systemn, warming by means
of, 178.

Hive, temperature of the, 203 ; ventila-
tion of the, 201.

Hoole's feeding apparatus, 187,

Hoskin’s fire-grate, 190.

Hot oil used instead of water for warm-
ing, 177.

Hot water, warming by means of, 152,

Hot-water apparatus described, 161;
boiler for, 175 ; Bonnemain’s apparatus,
162; early forms of, 162 ; effect of air
in the pipes, 169 ; friction in the pipes
of, 167 ; furnace for, 176.

Hot-water pipes, arrangement of, 303;
precautions in the use of, 163, 177;
quantity of pipe required, 173 ; rate of
cooling, 172; Triewald’s apparatus, 162;
velocity of water in the, 166.

Hot water, ventilation by means of, 209,

Hct water, high pressure system, warming
on the, 178; coil, arrangement of, 151 ;
furnace deseribed, 181 ; manufacture of
the tubes, 180 ; safety of the system,
185; temperature of the pipes, 183;
method of ascertaining the temperature,
184 ; testing the tubes, 181.

House of Commons, ventilation of, 237,
262, 270, 299; Gurney's method, 271
Sylvester's method, 300,

House of Commons, temporary means of
ventilating, 265 ; referred to Dr. Reid,
265; his method described, 265; re-
vision of Dr. Reid’s system, 270.

Honse of Lords, plans for ventilating, 263,
264 ; Barry's method, 311.

Ilouses of Parliament, Cowper’s method
of purifying the air for, 272,

Houses, method of warming and ventilat-
ingr, 316.

1loyle's method of warming by steam
pipes, 153,

Hydrogen, atomic weight of, 60: de-
gcribed, 7; constituent part of water, 7 ;
sulphureited, 21.

Hypocaust, description of that at Lincoln,
69 ; Chinese knowledge of, 70; Chinese,
described, T1; warming by the, 69,

Irnl%erfe::t ventilation, physical effects of,

Improved fire-places, Savot's, 83.

Impure air, effect of breaihing, 15, 22;
electrical effects of, 22,

Inlet ventilating, 223,

Interior work, term described, 59,

INDEX.

Invention of the Polignac fire-place cone
sidered, 327.

Iron wire, deflagration of, 5; wood, power
of conducting heat, 30.

Jacket, water, 251 n.

Jeake's smoke-consuming grate, 187,
Jobson’s stove-grate, 126,

Joining pipes, 160.

Joule's equivalent of heat, 59 n.
Joyce's charcoal stove, 147.

EKao-kang described, 72.

Lakes, freezing of deep, 52.

Lamp-black, T; its power of absorbing
light and heat, 40,

Lapland, social influence of fuel in, 65.

Laient heat, 47, 49.

Lead, latent heat of, 49,

Lee’s heating apparatus, plan for ventilat-
ing the House of Lords, 2i4.

Leje;nﬁ, his notice of the use of chimneys

Iis

Leighton's feeding apparatus, 187.

Leslie’s smoke-consuming grate, 189,

Light, action of, 12; action of, on the
atmosphere, 3 ; action of aray of, 35;
gimilarity between the radiant proper-
ties of light and heat, 37.

Lighthouses described, 274 ; consumption
of oil in, 275 ; ventilation of, 276.

Lighting and ventilating with gas, 524.

Liquefaction, heat of, 48.

Liquids, conducting power of, 31 ; vapour
thrown off by different, at a given tem-
perature, 50.

Lincoln,description of the hypocaust at, 69.

Lloyd’s fire-place deseribed, 120,

Lakes, temperature of the water of, vary
with the depth, 32.

Logs, method of burning, 77.

London Hospital, fire-grate of the, 193,

Mackinnel’s ventilator, 205.

Main-level, term described, 281.

Mantels deseribed, 77.

Mayer’s equivalent of heat, 59n,
Mechanical composition, term described,

8.

Mechanical equivalent of heat, 56.

Mechanical theory of heat, 55.

Melloni's experiments on the radiation of
heat, 41.

Mercury, latent heat of, 49,

Metals the best conductors of heat, 30 ;
the best reflectors, 40.

Miller's process for disinfecting the
Thames, 273.

Mining districts, ventilation in the, 35 n.

Moisture, necessity of, in the air, 195.

Mortar, porozity of, illustrated, 208,

Mother-gate, term described, 281,

Muir's veniilator, 206,

Mulguf described, 289,

Nitric acid, composition of, 8 ; formed by
electricity, 8.
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Nitrogen, properiles of, 5, 8, 20.
Normandy, social influence of fuel in, G5,

Qak, its power of conducting heat, 30,

Object of ventilation, 217.

Ubjections to ventilating machines, 240,

Odour of respired air, 14,

Oil, composition of, 275; consumption of,
inlighthouses, 275 ; products of the com-
bustion of, 275.

Olding’s smoke-consuming grate, 180,

Open fire-places, dbjections to, 123,

Origin of the chimuey, 73.

Out-crop, 280,

Owen's emoke-consuming grate, 138,

Oxygen, absorption of, by the blood, 14
action on animalz, 5; atomic weight of,
60; loss of, in respired air, 14 ; proper-
ties of, 5; quantity necessary for coms-
bustion, 6.

Panel work, term described, 281,

Patents for radiating and reflecting ar-
ranzements, 192,

Pencil of heat, 43.

Pennsylvanian fire-places, 95; described,
97; Durne’s improvement on the, 93,
Pesrll:lgmvilla Prison, method of ventilating,
Perkin's system of warming and venti-

lating, 303.

FPhosphoric acid, composition of, 9.

I’hosphorus, 9.

l’hl}';smal effect of imperfect ventilation,

Fierce's pyro-pneumalic stove-grate, 126,

Pipes: effect of air in the pipes of hot-
}mtcf Ealppn.mtus, 169 ; method of join-
m ] -

Pipeﬁ of hot-water apparatus, arrange-
ment of, 170 ; quantity required, 173;
rate of cooling, 172 ; size of, 171.

Plants, chemical function of, 11.

PIE.Efaer ceilings, porocily of, illustrated,

ﬂl

Plenum method of ventilating, 314,

Point of liquefaction, 47.

Polignae fire-place, inquiry a3 to the in-
ventorof the, 327; treatise on warming
and ventilation, 89,

Pﬂ;ﬁgitr of brick and mortar illustrated,

I’nﬂ;ﬂiﬁce, ventilation of the, described,

Prejudice against the uze of coal, 81.

Prince Rupert’s fire-place, 85.

Private houses, method of warming and
ventilating, 319 ; Cowper’s plan, 319,

Proclamationagainst the use of coal, 80.

Public buildings often imperfectly venti-
lated, 24.

P'ublic conveyances, ventilation of, 26,

Punkah described, 235.

Fyro-pneumatio stove-grate, 128,

Quartz, condueting power of, 2.

Radiating arrangementa, 151,
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Radiating grate, Sylvester’s, 102,

Radiating of heat, 34.

Rain, action of the air on, 3,

Rammeil’s stove, 195,

Rarefied air, effect of, 312,

Rowe's feeding apparatus, 187,

Reflecting arrangements, 191.

Reflection of heat illustrated, 30,

Iteflection, plane of, 38,

Reform Club, ventilation of, 244; fun ot
the, 315.

Refraction of heat, 43,

Register plate, 231,

ERegisters, 190; Edwards’s, 100; first notice
of, 84; Slate’s, 190; Vasnier, 190,

Reid's method of ventilating, 265.

Remodelled fire-grate, 197,

Lieredos described, 79,

Respiration, action on the blood, 13;
identity with combustion, 10; object of,
14; process of, 12; products of, 14;
quantity of air required for human, 12.

Respiration of beea, 200,

I{u:}piﬁd air, action on water, 14; odour
G ! L}

Richardson’s system of warming and
ventilating, 303,

Ritchie on the ventilation of ships, 28,

Rochester Castle, fire-place of, 75, 76.

Rﬂ;ge, first introduction of chimneysinto,

Roman brazier described, G7.

Room, currents of air in a, 210 ; mingling
of the various layers of air, illustrated,
209 ; uniformity of air in a, 209,

Rooms, air-tight, 313; method of heating
two, by one fire, 88.

Rtgc?ge’a experiments on carbonic acid,

07.

Rumford fire-place, 112 ; Tredgold on the
principles of the, 114.

Rumford’s essays, 111.

BRussian stove, 136,

Safety lamp, 234,

Salisbury Cathedral, use ot charcoal
braziers in, 67.

Saturated, term described, 206.

Savot’s cure of emoky chimneys, 82; im-
proved fire-places, 82 ; system of heat-
ing two rooms by one fire, 88,

Saxon dwellings described, 73.

Screw, Archimedian, 2486,

Scrofulous diseases result of bad ventila-
tion, 22,

Seams, term described, 279.

Ehu;t,z té-:g:ll air, 223 ; fresh air,arrangement
Lil (] £l

Shafts of coal-mines described, 282,

Shale, term described, 279,

Sharp's grate, 193,

Sherringham’s fire screen, 194 ; ventilator,

201.
Ships, ventilatiom of, 27; Sutton’s method
of ventilating, 254.
Shovel, feeding, described, 186,
Silver, latent heat of, 49.

Silver the beet conduetor of heat 80,

Q
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Siphon as a ventilator, 279,

Slate’s register, 190.

Sleep, less oxygen required during, than
when awake, 18.

Smoke, Backhoffner’s method of consum-
ing, 187 ; combustion of, 119,

Smoke-consuming grates, 99-186; Ed-
wards's, 190; Jeake’s, 157; Leslie’s,
189; Olding's, 189; Owen’s, 188;
Stevens's, 180,

Smoke, effect of, 118,

EHI?EEIM fire-place, Arnott’s, 116 ; Cutler,

smoky chimneys, attemp's to cure, 105;
cause of, 102, 107,

Snow, action of the air on, 2.

Bocial influence of fuel, 63.

Soot, heating power of, 99.

Sound dependent on the atmosphere, 4.

Specific heat, explained, 44; table of, 45 ;
of gases, how found, 46,

Spectrum, heat of the, 43.

Spontaneous evaporation, 54.

steam, absorption of heat by, 49; forma-
tion of, 49 ; high-pressure, 51 ; warming
buildings by, 152,

Steam jet, 309 ; properties of the, 309,

Stemn apparatus, early forms of, 152,

Steam pipes, arrangement of, 158 ; dis-
posal of condensed water in, 159;
Hoyle’s method of warming by, 153;
loss of heatin, 157; surface required,
156 ; warming by, 155.

Steam traps described, 160,

Steel, colour of, at various degrees of tem-
perature, 184,

Stevens's smoke-consuming grate, 189,

Stoppings described, 283.

Stove, American, 131 ; Arnott, 143 ; objec-
tions to ditto, 146 ; Cowper's adaptation
of ditto, 147; Beaumont’s, 138 ; Belper,
149 ; charcoal, 147; cockle, 148; cot=
tager's, 126; Dutch, described, 130;
improved ditto, 140; Franklin's, 137 ;
German, described, 132 ; objections to
ditto, 135; Rammell’s, 195; Russian,
136; Swedish, 136; water, 251 n.

Stove-grate, 142; Jobson’s, 126; pyro-
pneumatic, 1286,

Strutt's cockle-stove, 148,

Sun, air rarefied by the, 2.

Sun-lights as ventilators, 273 n.

Sulphur, latent heat of, 49.

Sulphuric acid, 8.

Sulphurous acid, 8; production of, by the
combustion of coal-gas, 277.

Surface, effect of, on radiation, 40,

Surfaces, reflecting power of various, 40.

Sutton’s air tubes, 250.

Sutton’s method of ventilating ships, 254 ;
its reception, 255; trial of, 256; its
adoption at Portsmouth, 257; his re-
ward, 258; fate of the invention, 259;
details of his plan, 260.

Swedish Stove, 136.

Sylvester’s method of ventilating, 300.

Sylvester’s radiating grate, 193,

System of ventilation, 217,

-

INDEX.

Table of the absorbing properties of
various substances, 42; of the colour of
steel at various temperatures, 184; of
the evaporation of water at varions de-
grees of temperature, 53 ; of the heat
evolved Dby different kinds of fuel,
45n; of the quantity of carbonic acid
in the air of various localities, 206; of
specific heat, 46; of the vapour thrown
off by different liquids at a given tem-
perature, 51.

Tallow, composition of, 7.

Temperature of the hive, 203,

Thames, disinfecting the, 273,

Thrill, term described, 251,

Ti-kang described, 72.

Tillet’s feeding apparatus, 187.

Tin, latent heat of, 49.

Tong-kang described, T2,

Transparency of bodies for heat, 435.

Treble coursing described, 285,

Tredgold’s method of ventilating, 279,

d’s principles of the Rumford fire-
place, 114.
Triewald's hot-water apparatus, 162.

Upcast shaft, 232

Valves, curtain, 208,

Vanes to test current of air in a room, 211

Vasnier register, 190,

Vegetable kingdom, uses of the, 12.

Venetian chimneys, 75.

Ventilating arrangements of the Welling-
ton barracks, 224,

Ventilating by means of gas, 323; by
means of hot water, 299; Chabannes’
method, 299.

Ventilating cornice, 222,

Ventilating gasometer, 251.

Ventilating machines, objections to, 240,

Ventilating by mechanical means, 234.

Ventilating openings, position of, 230;
size of, 232,

Ventilating, Perkin's system, 303 ; Reid's
method, 265.

Ventilating tubes, 229; position of, 23L

Ventilation, founded on convection, 31;
Birkbeck on, 269; conditions of, 206;
effect on the mental and bodily energies,
23 ; Faraday on, 20 ; general principles
of, 199 ; imperfect, physical effects of,
16; imperfect, scrofulous diseases tho
result of, 22 ; inlet, arrangements of, 223;
in the mining districts, 35 ; object of,
11,217; of churchea, 232 ; of the hive,
211; of lighthouses, 276; old method
of, 35% quantity of air required for, 214 ;
a%;gems of, 217; various conditions of,

Ventilator, Hales’s, described, 247; Mac-
kinnell’s, 205 ; Muir’s, 296; Sherring-
ham’s, 291 ; Watson’s, 293.

Vesscls, ventilation of, 27,

Vitiated air, effect of, 18,

Walls, escape of carbonic acid through
the, 208,
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Ward's gas-stove, 128,

Varming, 29; by the hypocaust, 69 ;
Chinese method of, 72; objett of, 11;
on the high-pressure system, 178 ; Per-
kin’s system of, 203; by steam pipes,
153 ; arrangement of the pipes, 178.

Water, action of respired air on, 14; cir-
culation of, in hot=water apparatus, 164;
composition of, 7; evaporation of, 52;
warming by the hot-water apparatus,
161 ; latent heat of, 49; quantity ex-
haled by man, 207; transparency of,

?2; velocity of, in hot-water apparatus,

6.

Water jackets, 251 n.

Walter stove, 251 n.

Watson’s ventilator, 295.

Watts? first steam apparatus, 152 ; method
of preventing smoke in furnaces, 186,

Wax, composition of, T,

Wellington barracks, ventilation of, 224.

Wind eail, 235.

Wind conductor, Egyptian, 289,

Winds, origin of, 2.

Window, ancient method of enclosing, 77.

Winter's coke fire-place, 84.

Wood, conducting power of, 30 ; posseszes
three axes of calorific conduction, $1.

Work, interior, 59.

Wren’s plan of ventilating, 252.

Yg]ﬂtég’s experiments oa the steam-jet,

Zephyr described, 235.
Zinc, latent heat of, 49; perforated cor-
nice, 222,

TIIT. END.
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PHILADELPHIA, 1876.
THE PRIZE MEDAL

Was awarded to the Publishers for
Books: Rudimentary, Scientific,
“WEALE'S SERIES,” ETC.

A NEW LIST OF

WEALE'S SERIES

RUDIMENTARY SCIENTIFIC, EDUCATIONAL,
AND CLASSICAL.

Comprising nearly Three Hundred and Fifty distinct works in almost every de-
paviment of Science, Avri, and Lducation, recommended fo the notlice of Engineers,
Architects, Builders, Avfisans, and Students genevally, as well as fo those interested
i Workmen’s Librartes, Literary and Scientific fnstitufions, Colleges, Schoois,
Setence Classes, &, &,

I=" “WEALE'S SERIES includes Text-Books on almost every branch of
Science and Industry, comprising such subjects as Agriculture, Architecture
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical
Engineering, Physical and Chemical Science, and many miscellaneous
Treatises. The whole are constantly undergoing revision, and new editions,
brought up to the latest discoveries in scientific research, are constantly
issued. The prices at which they are sold are as low as their excellence is
assured.”"—dAmerican Literary Gazette.

** Amongst the literature of technical education, WEALE'S SERIES has ever
enjoyed a high reputation, and the additions being made by Messrs. CROSBY
LockwooD & Co. render the series even more complete, and bring the infor-
mation upon the several subjects down to the present time."—Minin?
Fournal.

*It is impossible to do otherwise than bear testimony to the value of
WEALE'S SERIES.""—Engineer.

“ Everybody—even that outrageous nuisance ' Every Schoolboy'—knows
the merits of ‘ WEALE'S RUDIMENTARY SERIES." Any persons wishing to
acquire knowledge cannot do better than look through Weale's Series and
get all the books they require, The Series is indeed an inexhaustible mine
of literary wealth."—The Metropolitan.

“WEALE'S SERIES has become a standard as well as an unrivalled
collection of treatises in all branches of art and science,”—Public Opinion.

LONDON, 1862.
THE PRIZE MEDAL [¢/Ed
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,,z “WEALE'S SERIES.” Ny
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2 WEALE S RUDIMENTARY SERIES,

WEALE'S RUDIMENTARY SCIENTIFIC SERIES.

*s* The volumes of this Series are freely Illustrated with
Woodcuts, or otherwise, where requisite. Throughout the fol-
lowing List it must be understood that the books are bound in
limp cloth, unless otherwise stated; &wuf fhe wolumes marked
w:"f::& a ¥ may alse be had strongly bound in cloth boards for 6d,
extra.

N.B.—Inordering from fhis List it &5 vecommended, as a
means of facilitating business and obvialing evror, lo quole the
numbers affixed fo the volumes, as well as the fitles and prices.

«. ARCHITECTURE, BUILDING, ETC.

16 ARCHITECTURE—ORDERS—The Orders and their Asthetic
Principles., By W. H., Leeps. Illustrated. 1s. 6d.

17. ARCHITECTURE—STYLES—The History and Description of

the Styles of Architecture of Various Countries, from the Earliest to the

Present Period. By T. Tatsor Bury, F.R.I.B.A., &c. Illustrated. zs.

*.* ORDERS AND STYLES OF ARCHITECTURE, tn One Vol., 35, 6d.
18, ARCHITECTURE—DESIGN—The Principles of Design in
Architecture, as deducible from Nature and exemplified in the Works of the
Greek and Gothic Architects. By E. L. GArBETT, Architect. Illustrated. 2s.6d.
*e* The three preceding Works, in One handsome Veol., half bound, entitled
“MopeErN ARCHITECTURE,” grice 6s.

22, THE ART OF BUILDING, Rudiments of. General Principles

of Construction, Materials used in Building, Strength and Use of Matenials,
Working Drawings, Specifications, and Estimates. By E. Dorson, 23.%

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac-
ture of; containing an Qutline of the Principles of Brickmaking. By Epw.
Doesoxn, M.R.I.LB.A. With Additions by C. Tomrinson, F.R.S. Illustrated, 35.3

25. MASONRY AND STONECUTTING ; in which the Principles
of Masonic Projection and their application to the Construction of Curved
Wing-Walls, Domes, Oblique Pridges, and Roman and Gothic Vaulting,
are explained. By Epwarp Dosson, M.R.1.LB.A,, &c. 2s.6d.1

44. FOUNDATIONS AND CONCRETE WORKS, a Rudimentary

Treatise on; containing a Synopsis of the principal cases of Foundation
Works, with the usual Modes of Treatment, and Practical Remarks on
Footings, Planking, Sand, Concrete, Béton, Pile-driving, Caissons, and
Cofferdams. By E, Dogson, M.R.I.B.A., &c. Fifth Editicn, revised. 1s.6d.

42. COTTAGE BUILDING. By C. BRucE ALLEN, Architect,
Ninth Edition, revised and enlarged. Numerous Illustrations. 1s. 6d.

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS,
' PLASTERING, &c. By G. R. Burnerr, C.E. Twelfth Edition. 1s. 6d.

57. WARMING AND VENTILATION, a Rudimentary Trealise
on; being a concise Exposition of the General Principles of the Art of Warm-
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses,
Ships, &c. By CuarrLes Tomuinson, F.R.S., &c. Illustrated. 3s.

83%*, CONSTRUCTION OF DOOR LOCKS. Compiled from the
Papers of A. C. Hosss, Esq., of New York, and Edited by CHARLEs Tom-
Lixson, F.R.S. To which is added, a Description of Fenby's Patent Locks,
and a Note upon Iron Sares by Ropert Marier, M.I.C.E. Illus. 2s. 6d.

111. ARCHES, PIERS, BUTTRESSES, &c.: Experimental Ess:g:s
on the Principles of Construction in ; made with a view to their being useful
to the Practical Builder. By WiLLiam BrLaxp. Illustrated. 1s. 6d.

116, THE ACQUSTICS OF PUBLIC BUILDINGS; or, The.

Principles of the Science of Sound applied to the purposes of the/Architect and
Builder. By T. Rocer Smrra, M.R.I.B.A., Architect. Illustrated. 1s.6d.

B The t indicales that these vols, may be had stvongly bound at 6d. extra.
-3 LONDON : CROSBY LOCKWOOD AND CO..
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Architecture, Building, etc., confinued.

127. ARCHITECTURAL MODELLING IN PAPER, the Art of.
By T. A. Ricuarpson, Architect. Illustrated. 1s. 6d.

128, VITRUVIUS —THE ARCHITECTURE OF MARCUS
VITRUITUS POLLO. In Ten Books. Translated from the Latin by
Josepn Gwirr, F.S5. A, F.R.A.S. With 23 Plates. ss,

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles
of Beautyin; with an Historical View of the Rise and Progress of the Art in
Greece. By the EARL OF ABERDEEN, Is.
*»F The two preceding Weorks in One handsome Vol., half bound, entrtled “ANCIENT
ARCHITECTURE,” price 65,

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection
of. Illustrated by a Perspective View, Plans, Elevations, and Sections of a
pair of Semi-detached Villas, with the Specification, Quantities, and Esti-
mates, and every requisite detail,’'in sequence, for their Construction and
Finishing. By S. H, Brooks, Architect. New Edition, with Plates. =zs. 6d.t

156. QUANTITIES AND MEASUREMENTS, How to Calculate and
Take them in Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paper-
hangers’, Gilders’, Smiths’, Carpenters’, and Joiners’ Work. By A. C.
BeAaToN, Architect and Surveyor. New and Enlarged Edition. Illus. 1s. 6d.

175. LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S
PRICE BOOK, for 1883, containing the latest Prices of all kinds of Builders’
Materials and Labour, and of all Trades connected with Building, &c., &c.
Revised and Edited by F. L. W. MiLLER, Architect and Surveyor, 3s. 6d.;
halt bound, 4s. | Faest preblished.

182. CARPENTRY AND FOINERY—THE ELEMENTARY PRIN-
cipLEs oF CArPENTRY. Chiefly composed from the Standard Work of
TroMAS ‘I'REDGOLD, U.E  With Additions from the Works of the most
Recent Authorities, and a TREATISE ON JOINERY by E. Wyxpiiam
Tarn, M.A. Numerous lllustrations. 3s. 6d.

(82%. CARPENIRY AND FOINERY. ATLAS of 35 Plates to
accompany the above. With Descriptive Letterpress. g4to. 6s.; cloth, 7s. 6d.
187. HINTS 70 YOUNG ARCHITECTS. By GEORGE WIGHT-

wick. New, Fevised, and enlarged Edition. By G. Huskisson GUILLAUME,
Architect. With numerous Woodcuts., 3s. 6d.%

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN
WRITING : A Practical Manual of, containing full information on the
Processes of House-Painting, the Formation of Letters and Practice of
Sign-Writing, the Principles of Decorative Art, a Course of Elementary
Drawing for House-Painters, Writers, &c., &c. With g Coloured Plates of
Woods and Marbles, and nearly 150 Wood Engravings. By ELns A.
Davinsox. Third Edition, revised. 5s. cloth limp ; 6s. cloth boards.

189. THE RUDIMENIS OF PRACTICAL BRICKLAYING,

In Six Sections: General Principles; Arch Drawing, Cutting, and Setting ;
Pointing ; Paving, Tiling, Materials; Slating and Plastering; Practica
Geometry, Mensuration, Zc. By Apanm Hammowp., Illustrated. 1s. 6d.

19t. PLUMPBING. A Text-Book to the Practice of the Art or Craft of

the Plumber. With Chapters upon House Drainage, embodying the latest
Improvements. Fourth Edition, revised and enlarged. 'With above 330
Illustrations. By W. P. Bucaax, Sanitary Engineer. 3s. 6d.%
[Fust published.
192. THE TIMBER IMPORTER'S, TIMBER MERCHANIS,
and BUILDER'’S STANDARD GUIDE ; comprising copious and valu-
able Memoranda for the Refailer and Builder. By Ricuarp E. GrAxDy,
Second Edition, Revised. :Z_;t:.i
205, THE ART OF LETTER PAINTING MADE EASY. By
. G. BapexocH. Illustrated with 12 full-page Engravings of Examples. 1s.
206. A BOOK ON BUILDING, Ciwil and Ecclesiastical, including
CrHurcH Bestoration. With the Thnn% f Domes and the Great amid,
&c. By Sir Epmuxp Beckert, Bart., LL.D., Q.C., F.K,A.S, Second Edition,
enlarged, 4s. 6d.%

(5 The % indrcales that these vols. may be had strongly bound at 64, extra,
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C.




4 WEALE'S RUDIMENTARY SERIES,

Architecture, Building, etc., confinued.

226. THE FOINTS MADE AND USED BY BUILDERS in the
Construction of various kinds of Enginecering and Architectural Works (A
Practical Treatise on). With especial reference to those wrought by Arti-
ficers in Erecting and Finishing Habitable Structures. By WyviLL J.
Curisty, Architect. With upwards of 160 Engravines on Wood. 3s.%

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON
(An Elementary Treatise on). Deduced chiefly from the Works of Robison,
Tredgold, and Humber. By E., Wyxpuam Tarn, M.A., Architect. With
numerous Illustrations. 1s, 6d. [ Faest prublished,

229. ELEMENTARY DECORATION: A Guide to the Simpler

Forms of Everyday Art, as applied to the Interior and Exterior Decoration

of Dwelling-Houses, &c. y James W. Facey, Jun. Illustrated with
Sixty-eight explanatory Engravings, principally from Designs by the
Author. 2s. [Frest prblished.

230. HANDRAILING (A Practical Treatise on). Showing New and
Simple Methods for finding the Pitch of the Plank, Drawing the Moulds,
Bevelling, Jointing-up, and Squaring the Wreath. By Georce CoLLixgs.
Illustrated with Plates and Diagrams. 1s. 6d, [Fust publiskhed,

CIVIL ENGINEERING, ETC.
2t9. CIVIL ENGINEERING. By HEnry Law, M.Inst. C.E,

Including a Treatise on Hypravric ExciNeerING by Geo. R. BurNELL,
M.Inst.C.E. Sixth Edition, revised, witH LArRGE ApbIiTioNs 0N RECENT
Pracrice v Civie Excineering, by D. Kinvear Crark, M.Inst. C.E,,
Author of * Tramways : Their Construction,’ &c. 6s. 6d., Cloth boards, 7s.6d.

31. WELL-DIGGING, BORING, AND PUMP- WORE. By Joun
GeorGe SwinpeLL, A.R.I.LB.A. New Edition, by G. R. Bur~eLr, C.E. 1s.6d.

35- THE BLASTING AND QUARRYING OF STONE, for
Building and other Purposes. With Kemarks on the Blowing up of Bridges.
By Gen, Sir Joun Burcoywng, Bart.,, K.C.B. Illustrated. 1s.éd.

62. RAILIWAY CONSTRUCT/ON, Elementary and Practical In-
structions on the Science of. By Sir M. Stepuenson, C.E. New Edition
by Epwarp Nugext, C.E. With Statistics of the Capital, Dividends, and
Working of Railways in the United Kingdom. By E. D. CHaTrAway. 4s.

80%, EMBANKING LANDS FROM THFE SEA, the Practice of.
Treated as a Means of Profitable Employment for Capital. With Examples
and Particulars of actual Embankments, &c. By J. Wicens, F.G.5. 2s.

81. WATER WORKS, for the Supply of Cities and Towns. With
a Description of the Principal Geological Formations of England as in-
fluencing Supplies of Water; and Details of Engines and Pumping Machinery
for raising Water. By Samuer HucHEs, F.G.g,, C.E. New Edition. 4s.%

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac-
tical Treatise on. By THomas Fenwick. Also the Method of Conducting
Subterraneous Surveys without the Use of the Magnetic Needle, and other
Modern Improvements. By ThHomas Baker, C.E. Illustrated. 2s. 6d.t

8. C/VIiL ENGINEERING IN NORTH AMERICA, a Sketch
of. By Davip Stevesson, F.R.S.E., &c. Plates and Diagrams. [35.

197. ROADS AND STREETS (THE CGNSTA’EUETTIG {?F;l,
in two Parts: I. Ture ArTt oF ConstrucTIiNG Comumon Roaps, by Henery
Law, C.E., revised by D. K. CrLArk, C.E.; II. Recent PRACTICE, including
pavements of Stone, Wood, and Asphalte, by D, K. CLArRK. 4s. 6d.3

203. SANITARY WORK IN THE SMALLER TOWNS AND IN
VILLAGES. Comprising:—1. Some of the more Common Forms of
Nuisance and their Remedies ; 2, Dramage ; 3. Water Supply. By CuArLES
SLAaGe, AI.C.E. 25, 6d.1

212, THE CONSTRUCTION OF GAS-WORKS, and the Manu-
facture and Distribution of Coal Gas. Originally written by Samuer
Hucgues, C.E. Sixth Edition, re-written and much Enlarged by WiLLiAM
Ricuarps, C.E, With 72 Illustrations. 4s. 6d.7 \ )

213. PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New Coun-
tries. By Epwarp Dosson, Assoc. Inst. C.E. 4s. 6d.%

B=5= The t indicates that these vols, may be had strongly bound at 6d. extra.
LONDON : CROSBY LOCKWOOD AND CO.,,
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WEALE'S RUDIMENTARY SERIES. 5

"MECHANICAL ENGINEERING, ETC.

CRANES, the Construction of, and other MMachinery for Raising
Heavy Rudus By Josern GLynN, [‘I{E_-. Illustrated. 1s. 6d.
i 155 SIEA:HLNGINE By Dr. LARDNER. 1llustrated. 1s. 6d.

STEAM BOILERS : their Construction and Management. By
R. Armstrong, C.E. Illustrated. 1s. 6d.
CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise

on. By Sir Ebmuxp Beckerr, LL.D., Q.C. Seventh Edition, revised and en-
larged, with numerous Illustrations. 4s. 6d. cloth limp; 5s. 6d. cloth boards.
[ Frst published.
THE POWER OF WATER, as applicd to drive Flour Mills,
and to give motion to Turbines, &c. By Josern Grynx, F.R.S. 2s.%
PRACTICAL MECHANISM, the Elements of; and Machine
Tools. By T. BAker, C.E. With Additions by J. NasmyrH, C.E. 2s.6d.1
THE STEAM ENGINE, a Treatise on the Mathematical Theory
of, with Rules and Examples for Practical Men. By T. Baker, C.E. 1s,6d.
THE BRASS FOUNDER'S MANUAL ; Instructions for
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing,
Bronzing, &c. With copious Receipts, &c. By WaLTER GRAHAM. 25.%
MODERN WORKSHOP PRACTICE, as applied to Marine,
Land, and Locomotive Engines, Floating Docks, Dredging Machines,
Hndgcs,Cmnns,an bmldmg, E-:-:‘- &c. By J.G. Winrton. Illustrated. 3s.t

. IRON 'AND HEAT, exhibiting the Principles concerned in the

Construction of Iron Beams, Pi |1ars, and Bridge Girders, and the Action of
Heat in the Smelting Furnace. By J. Armour, C.E. 25 6d4.%

. POWER IN MOT7I/ON: Horse-Power, Toothed-Wheel Gearing,

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.%

. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER

WORKS. By Frawcis Camrein, C.E. 2s. 6d.3

THE WORKMAN'S MANUAL GF ENGINEERING
DEAWING. By Joun Maxrton, Engineer. Fourth Edition. Illustrated
with 7 Plates and nearly 350 Woodcuts. 3s. 6d.3

STEAM AND THE STEAM ENGINE, Stationary and
Purtahle Being an extension of Mr. John Sewell's “ Treatise on Steam."

K. Crark, M.I.C.E. Second Edition, revised. 3s. 6d.%

F(},EL, its Combustion and Economy. By C. W, WILLIAMS,
A.I.C.E. With extensive additions on Recent Practice in the Combustion
and Economy of Fuel—Coal, Coke, Wood, Peat, Petroleum, &c.—by D, K.
Crark, M.I.C.E. 2nd Edition. 3s.6d.3

. LOCOMOTIVE ENGINES. By G. D. DempsEY, C.E. ; with

large additions by D. Kinnear CrLark, M.I.C.E. 3s.2

THE BOILERMAKER'S ASSISTANT in Drawing, Tem-

lating, and Calculating Boiler and Tank Work. By Jounx CourRTNEY,
ractical Boiler Maker. Edﬂcd by D. K. Crark, C.E. 100 Illustrations. 2s.

. MATERIALS AND CONSTRUCTION; A Theoretical and

Practical Treatize on the Strains, Designing, and Erection of Works of Con-
struction. By Fraxcis Campin, C.E. 3s.

. SEWING MACHINERY : Its Construction, History, &c., with

full Technical Directions for Adjusting, &c. By J. W. Urguuarr, C.E. 2s.1
MECHANICAL ENGINEERING. Comprising Metallurgy,

Moulding, Casting, ]:'l:rrg'l Tools, Workshop Machinery, Manufacture of
the Steam Engine, &c. %'RAHCIS Campin, C.E. 25, EE

COACH EUILEING A Practical Treatise, Historical and
]}EscrLPtne y J. W. Burgess. 2s. 6d.1

.PRAL?ICAL ORGAN BUILDING. By W. E. DICKSoN,

M.A., Precentor of Ely Cathedral. Illustrated. zs. 6d.] [ Frusf published.
DETAILS OF MACHINERY. Comprising Instructions for
the Execution of various Works in Iron in the Fitting-Shop, Foundry, and
Boiler-Yard. Arranged expressly for the use of Ur:lu,rhtsme.n, Students,
and Foremen Engineers. By Fraxcis Campiy, C.E. 3s.t [?ﬂsi‘ﬁuéﬂsﬁed
THE SMITHY AND FORGE; mcludmﬂ' the Farrier's Art and

Coach Smithing. By W. J. E. Cra~E. Illuqtrated [ fiz thee press.

ﬂﬁ_" The t indicates that these vols. may Ere fad strongly :.'.':wu:mf al 6d. extra.

7, STATIONERS’ HALL COURT, LUDGATE HILL, E.C.




6 WEALE'S RUDIMENTARY SERIES,

SHIPBUILDING, NAVIGATION, MARINE
ENGINEERING, ETC.
§1. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi-

tion of the Elementary Principles of the Science, and their Practical Appli-
cation to Naval Construction. Compiled for the Use of Beginners. By
i[r.mns PeakE, School of Naval Architecture, H.M, Dockyard, Portsmouth,
‘ourth Edition, corrected, with Plates and Diagrams, 3s. 6d.3

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary

and Practical Principles of the Construction of. By Hakoy A. SoMMER-
FELDT, Surveyor of the Royal Norwegian Navy. With an .ﬂ.gpundix. 15, 6d.
53%%. AN ATLAS OF ENGRAVINGS to 1llustrate the above. Twelve
large folding plates. Royal sto, cloth. gs. €d.
54. MASTING, MAST-MAKING, AND RIGGING OF SHIPFS,
Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks; Chain,
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Ropert
Kierivg, N.A, Fourteenth Edition. Illustrated. 2s.}
5a*, IRON SHIP-BUILDING. With Practical Examples and Details
#or the Use of Ship Owners and Ship Builders. By Jou~y GrantHAM, Con-
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s.
54*%. AN ATLAS OF FORTY PLATES to lllustrate the above,
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates
“ Warrior,” * Hercules,” ** Bellerophon ;™ H.M. Troop Ship ‘‘Serapis,”
Iron Floating Dock, &c., &c. 4to, boards. 38s. ;
55. THE SAILOR’S SEA BOOK: a Rudimentary Treatise on

Navigation. Part I. How to Keep the Log and Work it off. Part II. On
Finding the Latitude and Longitude. By James Greenwoon, B.A. To.
which are added, the Deviation and Error of the Compass; Great Circle
Sailing ; the International (Commercial) Code of Signals; the Rule of the
Road at Sea; Rocket and Mortar Apparatus for Saving lLife; the Law of
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts
and Coloured Plates of Flags, New, thoroughly revised and much enlarged
edition. By W. H, Rosser. 2s.6d.1

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise

on. Together with Practical Remarks on the Serew and Pm;;elling Power,
as used in the Royal and Merchant Navy. By Rosert Murrav, C.E.
Engineer-Surveyor to the Board of Trade. With a Glossary of Technica
Terms, and their Equivalents in French, German, and Spanish. Seventh
Edition, revised and enlarged. Illustrated. 3s.t

83bis. THE FORMS OF SHIPS AND BOATS : Hints, Experiment-

ally Derived, on some of the Principles regulating Ship-building. By W,

Braxp. Seventh Edition, revised,withnumerous Illustrations and Models,1s.6d.

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory

and Practice. By Professor J. K. Youxs. New Edition, including the

requisite Elements from the Nautical Almanac for working the Problems.
Ilustrated. 2s. 6d. [Faest paedlished.

to0*. T74AFBLES intended to facilitate the Operations of Navigation and

Nautical Astronomy, as an Accompaniment to the above Book. By J. K.
Youxe. 1s. 6d.

106, SHIPS’ ANCHORS, a Treatise on. By G. CoTseLL, N.A. 1s.6d.
149. SAILS AND SAIL-MAKING, an Elementary Treatise on.
With D:a.ughtiug, and the Centre of Effort of the Sails. Also, Weights
and Sizes of Ropes; Masting, Rigging, znd Sails of Steam Vessels, &c., &c.

Eleventh Edition, enlarged, with an Appendix. By Rosert Kirring, N.A.,
Sailmaker, Quayside, Newcastle. Illustrated. 2s.6d.3

155. THE ENGINEER'S GUIDE 70 THE ROYAL AND
MERCANTILE NAVIES. By a PracTicAL ExcGINEER. Revised by D.

F. M‘Cartny, late of the Ordnance Survey Office, Southampton. 3s.
55 PRACTICAL NAVIGATION., Consisting of The Sailor's
& Sea-Book. By James Greenwoop and W. H. Rosser. Together with
e the requisite Mathematical and Nautical Tables for the Working of the
“04:  Problems. By Hexry Law, C.E., and J. R. Youne, formerly Professor of
Mathematics in Belfast College. Illustrated with numerous "-’3"'0011 Engrav-
ings and Coloured Plates. 7s. Strongly half-bound in leather,

B~ The t indicates that these vols. may be kad strongly bound af 6d. extra.
LONDON : CROSBY LOCEKWOOD AND CO.,




WEALE'S RUDIMENTARY SERIES., 7

PHYSICAL SCIENCE, NATURAL PHILOn-
SOPHY, ETC.

1. CHEMISTRY, for the Use of Beginners. By Professor GEORGE

Fownes, F.R.S. With an Appendix on the Application of Chemistry to
Agricultare. 1s.

2. NATURAL PHILOSOPHY, Introduction to the Study of; for
the Use of Beginners. By C. Tomrinson, Lecturer on Natural Science in
King’s College School, London. Woodcuts. 1s. 6d,

4. M;*M_ERGEL%G f ]&udlme:}ts of ; a concise View of the Properties
of Minerals, By A. Ramsay, Jun. Woodcuts and Steel Plates., 1s.%

6. MECHANICS, Rudimentary Treatise on; being a concise Ex-
position of the General Principles of Mechanical Science, and their Applica-
tions. ,H}' CHARLES Tmm:imw. Ilustrated. 1s. 6d.

7. ELECTRICITY ; showing the General Principles of Electrical
Science, and the purposes to which it has been applied. By Sir W. Sxow
Harris, F.R.5., &c. With Additions by R. Sasixg, C.E., F.S.A. 1s. 6d.

7% GALVANISM, Rudimentary Treatise on, and the General Prin-
ciples of Animal and Voltaic Electricity. By Sir W. Svow Harris. New
Edition, with considerable Additions by RoserT Saning, C.E., F.S. A. 1s.6d.

8. MAGNETISM; being a concise Exposition of the General Prin-
ciples of Magnetical Science, and the Purposes to which it has been applied.
By Sir W. S5xow Harris. New Edition, revised and enlarged by H. AL
Noap, Ph.D., Vice-President of the Chemical Society, Aufthor of A
Manual of Electricity,” &c., &c. With 165 Woodcuts. 3s. 6d.%

. TEFDEEECTREG TELEGRAPH; its History and Progress;
with Descriptions of some of the Apparatus. By R. Sasmxg, C.E., F.S.A. 3s.
12, PNEUMATICS, for the lllsc of B}rﬁginners, By CHARL%ISF

Tomrinson. Illustrated, 1s. 6d.

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and
Fossil Shells. By Dr. 5. P. Woopwarp, A.L.S. Fourth Edition. With
Appendix by Racen Tate, A.L.S., F.G.S. With numerous Plates and joo
'anl@t& 6s, 6d. Cloth boards, 7s. 6d.

79%*. PHOTOGRAFPHY, Popular Treatise on; with a Description of
the Stereoscope, &c. Translated from the French of D. VAx MoNCKHOVEN,
by W. H. THORNTHWAITE, Ph.D. Woodcuts. 1s. 6d.

g6. ASTRONOMY. By thelate Rev. RosErT MAIN, M.A., F.R.S5.,
formerly Radeliffe Observer at Oxford. Third Edition, revised and cor-
rected to the Present Time. By WitLiam Tuynwe Lyww, B.A, F.RAS,,
formerly of the Royal Observatory, Greenwich. 2s. [ Frest prebiished.

9%. STATICS AND DYNAMICS, the Principles and Practice of;

embracing also a clear development of Hydrostatics, Hydrodynamics, and
Central Forces. By T. Baker, C.E. 1s. 6d.
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy,

Telegraph Clerks’ Remembrancer, and Guide to Candidates for Employ-
ment in the Telegraph Service. By R. Boxp. Fourth Edition, revised and
enlarged : to which 1s appended, QE ESTIONS on MAGNETISM, ELEC-
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students,
by W. McGreGor, First Assistant Supnt., Indian Gov. Telegrapbs. 3s.t
173. PHYSICAL GEQOLOGY, partly based on Major-General PoRT-
rock’s ' Rudiments of Geology.”” By Ravrn TATE, A.L.S., &c. Woodcuts. 2s.
174. HISTORICAL GEOLOGY, partly based on Major-General
PorTLock's ““ Rudiments.”” By Raren Tage, A.L.S, &c. Woodcuts. 2s. 6d.
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and
& Historical. Partly based on Majow-General Porrrock’s “ Rudiments of
174. Geology.” By Ravren Tare, A.L.S., F.G.S., &c. In One Volume. 4s.6d.1
183 ANIMAL PHYSICS, Handbhook of. By Dr. LARDNER, D.C.L.,
& formerly Professor of Natural Philosophy and Astronomy in University
184. College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards.
* N Sold also in Twwo Parfs, as follows :—
183. Awimar Puysies. Dy Dr: Larpwer. Part I., Chapters L—VII. 4s.
184. Awnmar Pavsies. By Dr. Larpner. Part II., Chapters VIIT.-XVIII. 3s.

ﬁai'm that thase ools. may de MM@@TM% et 4
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WEALE'S RUDIMENTARY SERIES,

MINING, METALLURGY, ETC.
117. SUBTERRANEQOUS SURVEYING, Elementary and Practical

Treatise on, with and without the Magnetic Needle. By Tuomas Fexwick,
Surveyor of Mines, and TuHoMmAs HMEER, C.E. Illustrated. 2s, 6d.%
133. METALLURGY OF COPPER ; an Introduction to the Methods

of Seeking, Mining, and Assaying Cup er, and Manufacturing its Alloys.
By Ropert H. LAMBORN, Ph. Woodcuts. 2s. 6d.t

134. METALLURGY OF SILVER AND LEAD. By Dr. R. H.
Lameorn, Woodcuts., 2s. 6d.3 .

135. ELECTRO-METALLURGY ; Practically Treated. By ALEX-
AnpER Wart, F.R.5.5.A. 7th Edition, revised, with important additions,
including the Electro-Deposition of Nickel, &c. Woodcuts. 3s.%

172. ﬂffoxVG TOOLS, Manual of. For the Use of Mine Managers,

Agents, Students, &c. By WirLiam Morcans., 2s. 6d.1
172% M NING 1 GOLS ATLAS of Engravings to Illnstmte the above,
containing 235 Illustrations, drawn to Scale, 4to. 4s. 6d.; cloth boards, 6s.

176. METALLURGY OF IRON. Containing History of Iron Manu-

facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu-

facture of Iron and Ste-.a] &c. By H. Bauermax, F.G.S. sth Edition,

revised and enlarged. s5s.% [Fust published.
180. COAL AND CUAL MINING, A Rudimentary Treatise on.

By Warincron W. Smyrh, M.A., FRS I":fth Edition, revised and
enlarged. With numerous Iliuﬁtl‘ﬂttﬂﬂ‘t 3s. 6d

195. THE MINERAL SURVEVOR AND VALUER'S COM-
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved
InstrumEnta, also the Correct Principles of I aving out and Valuing Mineral

erties. By WitLtam LiNnTERN, Mining and Civil Engineer. 3s. 6d.1

214. SL TE AND SLATE @UARRI‘TNG Scientific, Practical, and
Commercial. By D. C. Davigs, F.G.S.,, Mining Engmner, &c. With

numerous Illustrations and Folding Plates.

5.
2185, THE GOLDSMITH'S Hfﬂfﬂﬂ-{?{?}% containing full Instruc-

tions for the Alloying and Working of Gold. By Georce E. Geg, Goldsmith
and Silversmith. Second Edition, considerably enlarged. 3s.%

225, THE SILVERSMITH'S HANDBOOK, containing full Iﬂ-
structions for the Alloying and Working of Silver. By Georce E. GEE.

220. MAGNETIC SURVEYING, AND ANGULAR SURYV. ].r"-

ING, with Records of the Peculiarities of Needle Disturbances. Compiled
from the Results of carefully made Experiments. By WiLLiam LINTERN,
Mining and Civil Engineer and Surveyor. 2s.

FINE ARTS.
20. PERSPECTIVE FOR BEGINNERS. Adapted to Young

Students and Amateurs in Architecture, Painting., &c. Bv Grorcr PynNe. 2=.
40 GLASS STAINING, AND THE ART OF PAINTING ON

& 41. 7L.A55. From the German of Dr. Gessert and Emanver Ortro From-
BErRG. Wirth an Appendix on THE ArT oF ENAMELLING, 2s. 6d.

69. MUSIC, A Rudimentary and Practical Treatise on. With
numerous Examples. By CHARLES CHILD SPENCER, 2s. 6d.
1. PIANOFORTE, The Art of Playing the. With numerous Exer-
cises & Lessons from the Best Masters. By CHARLES CHILD SPENCER. 15.6d,
69-71. MUSH: AND THE PIANGF{?R 7ZE. In one volume, Half
bound,
181. PAINTING POPULARLY EXPLAINED, mc]udmg Fresco,

0il, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, M.mlature
I-"a.lntmg on Ivory, Vellum, Pottery, Ename] lass, &c. With Historical
Sketches of the Progress of the Art by ThoMAs Jouy GULLICK, assisted by
A]{)HH Timns, F.S.A. Feurth Edition, revised and enlarged. 5s.%

186. A GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By Georce Fiep. New Edition, enlarged and
adap to the Use of the Ornamental Painter and Des:g'ner By ELuis A.
Davipsox. With two new Coloured Diagrams, &c. 3s.3

BEE= The t indicates that these vois. may be had strongly bound af 6d. extra.
LONDON : CROSBY LOCKWQOD AND CO,,




WEALE'S RUDIMENTARY SERIES. 0

AGRICULTURE, GARDENING, ETC.

66. CLAY LANDS & LOAMY SOJLS. By Prof. DONALDSON. Is.
131. MILLER'S, MERCHANT'S, AND FARMER’'S READY
RECKONER. Withapproximate values of Millstones, Millwork, &c. 1s.
140. SOILS, MANURES, AND CROPS. (Vol. 1. OUTLINES OF
Mopery Farming.) By R. Scorr Burx. Woodcuts. 2s. -
141. FARMING & FARMING ECONOMY, Notes, Historical and
Practical, on. (Vol. 2. OvutLines oF MoperN FArying.) By R, Scorr Burn, 3s.
142. STOCK ; CATTLE, SHEEPF, AND HORSES. (Vol. 3.
OvrrLives oF Mopery Farming.) By R. Scorr Burx., Woodcuts., 2s. 6d.
145. DAIRY, PIGS, AND POULYRY, Management of the. By
R. Scort Burn. With Notes on the Diseases of Stock. (Vol. 4. OuTLIKES
orF Mopery Faruing.) Woodeuts., 2s. 3
146. UTILIZATION OF SEWAGE, IRRIGATION, AND
RECLAMATION OF WASTE LAND. (Vol. 5. OvrrLineEs oF Moperr
Farming,) By R, Scorr Buryn. Woodcuts. 2s. 6d.
*e Nos. 140-1-2-5-6, 1n One Vol., handsomely half-bound, entitled * QuTLINES OF
Mopern Farming.” By Roeert Scorr Burn. Price 12s.
. FRUIT TREES, The Scientific and Profitable Culture of. From
the French of Du Breuvir. Revised by Gro. GLExxy. 187 Woodcuts. 3s. 6d.3

198. SHEEP;, THE HISTORY, STRUCTURE, ECONCOMY,AND
DISEASES OF. By W. C. Srooner, M.R.V.C., &c. Fourth Edition,

enlarged, including Specimens of New and Improved Breeds. 3s. 6d.3

201, KITCHEN GARDENING MADE EASY. Showing how to

E’rcpa;rc and lay out the gimm{l the best means of cultivating every known
egetable and Herb, &c. By Georce M. F. GLExxy, 135, 6.3

. OUTLINES OF Fﬁ!ﬁ'ﬂf MANAGEMENT, and the Organi-

salion of Farm Labour: Treating of the General Work of the Farm; Field
and Live Stock; Details of Contract Work ; Specialities of Labour, &c Ec.
By RoperT bccuﬂ Bupw. 2s5.64.7

208. OUTLINES OF LANDED ESTATES MANAGEMENT:
Treating of the Varieties of Lands, Methods of Farming, Farm Buildings,
Irrigation, Drainage, &c. By R. Scoit Burn. 2s5.6d.%

*o* Nos. 207 & 208 in One Vol., handsomely half-bound, enfifled ** OUTLINES OF

LAwpeED EsTATES AND Farym Manacement.” By R. Scort BurN., Price 6s.

209. THE TREE PLANTER AND PLANT PROPAGATOR.
A Practical Manual on the Propagation of Forest Trees, Fruit Trees,
Flowering Shrubs, Flowering Plants, &c. By Samuer Woon. 2s.% g

210. THE TREE PRUNER. A Practical Manual on the Pruning of

Fruit Trees, including also their Training and Renovation ; also the Prunmg’
of Shrubs, Climbers, and Flowering Plants. By SAMUEL Woop. 2s.3
% Nos. zng & 210 1 One Vol., #amfwmrfr half-bound, entitled ** THE TREE
PLANTER, PROPAGATOR AND PRUNER.’ By Samuer. Woon. Price 5s.

218. THE HAY AND STRAW MEASURER : Being New Tables

for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c.,
forming a complete Calculator and Read y- -Rec koner, especially adapted to
persons connected with Agriculture. Fourth Edition. By Jou~ STEELE. 2s.

222, SUBUREAN FARMING. The Layving-out and Cultivation of

Farms, adapted to the Produce of Milk, Hutter. and Cheese, Eggs, Poultry,
and Pigs. Hy Prof. Joaxy Doxarpsoxn and R, & ScorT Bumrwn, 3s. 6d.%

231. THE ART OF GRAFTING AND BUDDING. By CHARLTS

-
b |
~

]
=]
-3

Bavrter. With Illustrations. 2s. 6d.% [_‘}'ﬂsﬁ{;‘&hs&m’
232. COTTAGE GARDENING ; or, Flowers, Frults, and Vegetables
for Small Gardens. By E. Hmmu 15. bd. [ Frest published.
233. GARDEN RECEIPTS. Edited by CHARLES W. QUIN. Is. 64,
[ Fust ﬁu&fw&ﬂd
234. THE KITCHEN AND MARKET GARDEN. y Con-
tributors to ** The Garden.” Cnmpileﬂ by C. W. Suaw, Editor of " Gard{-n-
ing Illustrated.”” 430pp. 3s.% [Fuest pubiished.
LAND DRAINAGE, in Theory and Practice. By PROFESson
ScorTt. Illustrated. [f22 the press.

W7 The § indicales that these vols. may be had strongly bound af 6d. extra.
5 STATIONERS HALL COURT, LUDGATE HILL, E.C,
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ARITHMETIC, GEOMETRY, MATHEMATICS,
ETC.

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which
their Construction and the Methods of Testing, Adjusting, and Using them
are cnncmel‘z; Explained. By J. F. Heatner, M.A., of tia Koyal Military
Academy, Woolwich. Original Edition, in 1 vol., Tilustrated. 1s. 6d.

®o® Ju ordering the above, be careful lo say, * Original Edition ” (No. 32), lo distin-
Luish it from the Enlarged Edition tn 3 vols. (Ves. 168-g-70.)

60. LAND AND ENGINEERING SURVEYING, a Treatise on;

with all the Modern Improvements. Arrangcd. for the Use of ‘Schools and
Private Students; also for Practical Land Surveyors and Engineers. By
T. Baker, C.E. New Edition, revised by EnwArDp NUGENT, %.E. Illus-
trated with Plates and Diagrams. 2s.%

61*. READY RECKONER FOR THE ADMEASUREMENT OF

LAND. By ABrAHAM ARMAN, Schoolmaster 'l'hurleGiE‘h, Beds. To which
is added a Table, showing the Price of Work, from 2s. 6d. to 41 per acre, and
Tables for the Valuation of Land, trom 1s. to £1,000 per acre, and from one
pole to two thousand acres in extent, &c., &c. 1s. 6d.

76. DESCRIPTIVE GEOMETRY, an Elementary Trealise on;

with a Thear_gruf Shadows and of Perspective, extracted from the French of
G. Moxce. To which is added, a description of the Principles and Practice
of Isometrical Projection ; the whole being intended as an introduction to the
Application ot Descriptive Geometry to various branches of the Arts. By
J. ¥. HeaTner, M.A. Illustrated with 14 Plates. zs.

178. PRACTICAL PLANE GEOMETRY:@ giving the Simplest
Modes of Constructing Figures contained in one Plane and Geometrical Con-
struction of the Ground. By J. F. Heatuer, M.A. With 215 Woodcuts. 2s.

179. PROFECTION : Orthographic, Topographic, and Perspective:
giviug the various Modes of Delineating Solid Forms by Constructions on a
single Plane Surface. By J. F. HEATHER, M.A. [{n preparation.
# % The above three wolumes will form a CoMPLETE ELEMENTARY COURSE OF
MaTHEMATICAL DRAWING.

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases
and Forms in English, French, Italian, and German. By James Happox,
M.A., Arithmetical Master of King's College School, London. 1s. 6d.

84. ARITHMETIC, a Rudimentary Treatise on: with full Explana-

tions of its Theoretical Principles, and numerous Examplesfor Practice. For
the Use of Schools and for Self-Instruction. By J. R. Young, late Professor
of Mathematics in Belfast College. New Edition, with Index. 15, 6d.

8;%. A Kgv to the above, containing Solutions in full to the Exercises, togethes
with Comments, Explanations, and Improved Processes, for the Use of
Teachers and Unassisted Learners. By J. R. Youse. 1s. 6d.

8c. EQUATIONAL ARITHMETIC, applied to Questions of Interest,

8g*. Annuities, Life Assurance, and General Commerce ; with various Tables by
which all Calculations may be greatly facilitated. By W, HirsLEY. 2s.

86. ALGEBRA, the Elements of. By JAMES HADDON, M.A.,
Second Mathematical Master of King's College School. With Aglpﬂndi:,

containing miscellaneous Investigations, and a Collection of Problems in
various parts of Algebra. 2s.

g5%, A Key anp CoupanioN to the above Book, forming an extensive repository of
Solved Examples and Problems in 1llustration of the various Ex ents
necessary in A?l braical Operations. Especially adapted for Self-Instruc.
tion. By J. R. Youns., 1s. 6d. -9 2

88. EUCLID, THE ELEMENTS OF : with many additional Propositions

and Explanatory Notes: to which is prefixed, an Introductory Essay on
89. Logic. By Hexrv.Law, C.E. 2s.6d.% :

8.% Sold also separately, viz. :— 1
@3, Eucuip, The First Three Books. By Hewry Law, C.E. 1s 6d.
8g. Evcup, Books 4, 5, 6, 11, 12. By HExry Law, C.E. 1s.6d.

gm= The t indicales that these vols. may be had strongly bound at 6d. extra.
% JONDON : CROSBY LOCKWOOD AND (O.,
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Arithmetic, Geometry, Mathematics, etc., confinued,
90. ANALYTICAL GEOMETRY AND CONIC SECTIONS,

a Rud:mentary Treatise on. By James Haxw, late Mathematical Master of
King's College School, London. A New E :himn re-written and enlarged
]g R.Youne, i'ﬂrmcriy Professor of Mathematics at Belfast College. 2s.%

gl. PI.ANE TRIGONOMETRY, the Elements of. By JAMES
Haxw, formerly Mathematical Master of King's College, London. 1s. 6d.

92. SPHERICAL TRIGONOMETRY, the Elements of. By JAMES

Haxn. Revised by CuarrLes H, Dowrixng, C.E. 1s.
%! Or with * The Elements of Plane Trigonometry,” tn One Volume, 2s5. 6d.

93. MENSURATION AND MEASURING, for Students and Prac-
tical Use. With the Mensuration and Levelling of Land for the Purposes of
Modern Engineering. By [. Baker, C.E. New Edition, with Corrections
and Additions by E. Nugext, C.E. Illustrated 1s. Gd.

102, INTEGRAL CALCULUS, Rudimentary Treatise on the, By
Houmersuam Cox, B.A. Illustrated. 1s.

103. INTEGRAL CALCULUS, Examples on the. By JAMES HANN,
late of King’s College, London. Illustrated. 1s.

101. DIFFERENTIAL CALCULUS, Elements of the. By W. S, B.
Woorsouse, F.R.A.S,, &c. 15, 6d.

105, MNEMONICAL LESSONS.— GEOMETRY, ALGEBRA, AND
. TricoxomeTRY, in Easy Mnecmonical Lessons. By the Rev. THomas
Penvrcrony Kirkmax, M.A. 1s. 6d.

136, ARJTHMETIC, Rudimentary, for the Use of Schools and Self-
Instruction. By JAames Happow, M.A. Revised by ABrAnHAM ARMAN.

18, 6d.

137. A Key 1o Happox’s RupimeExtAry ARITHMETIC. By A, Arman. 1s, 6d.

108. DRAWING AND MEASURING INSTR UUL:VJ"S Includ-
ing—I. Instruments employed in Geometrical and Mechanical Drawing,
and in the Construction, C?L\p}mg, and Measurement of Maps and Plans,
IT. Tnstrumerts nsed for the purposes of Accurate Measurement, and for
Arithmetical Computations. By J. F. Heatner, M.A., late of the Royal
Military Academy, Woolwich, Author of ** Descriptive Geometry,” &c., &c.
Illustrated. 1s. 6d.

169. OPTICAL INSTRUMENTS. Including (more especially) Tele-
scopes, Microscopes, and Apparatus for producing copies of Maps and Plans
by Photography. By J. ¥F. Hearuver, M.A. Illustrated. 1s. 6d.

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS.
Including—I. Instruments Used for Determining the Geometrical Features
of a portion of Ground. II. Instruments Employed in Astronomical Observa-
tions. By J. F. HeaTtuer, M.A, Illustrated. 1s. 6d.

5 The above three volumes form an enlargement of the Author's original work
“ Mathemalical Instvuments; their Construction, Adyustment, Testing, and Use,”
the Thirieenth Edifion of which 1s on sale, price 15. 6d. (See No. 32 in the Series.)

168.) MATHEMATICAL INSTRUMENTS. By J. F. HEATHER,
169. ¢ M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as
170.) above, in One thick Volume, With numerous 1llustrations. 4s, 6d.1

158. THE SLIDE RULE, AND HOW TQ USE IT; containing
full, easy, and mm‘iple Instructmns to perform all Business CaIculatmns wuh
unexampled rapidity and accurac By CHArrEs Hoare, C.E. With a
Slide Rule in tuck of cover. =2s. 6 1:

185, THE COMPLETE MEASURER ; settmg forth the Measure-
ment of Boards, Glass, &c., &c.; Une ual. sided, Square-sided, Octagonal-
sided, Round Timber and Stone, an Etanding Timber. With a Table
showing the solidity of hewn or eight-sided timber, or of any octagonal-
sided column. Compiled for Timber-growers. Merchants, ani Surveyors,
Stonemasons, Architects, and others. By RiciArp Horton. Fourth
Edition, with valuable additions. 4s.; strongly bound in leather, zs.

196, THEORY OF COMPOUND INTEREST AND ANNUI-
TIES; with Tables of Logarithms for the more Difficult Computations of
Interest, Discount, Annuities, &c. By Fépor THOMAN. 45.%

§5= The 1 tndicales that these wols, may be kad strongly bound at 6d. extra. .
7, STATIONERS HALL COURT, LUDGATE HILL, E.C,
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Arithmetic, Geometry, Mathematics, etc., continued. e
199. INTUITIVE CALCULATIONS; or, Easy and Compendious

Methods of Performing the various Arithmetical Operations required in
Commercial and Business Transactions ; together with Full Explanations of
Decimals and Duodecimals, several Useful Tables, &c. By Daniec
O'Goruan. Twenty-fifth Edition, corrected and enlafred by J. R. Youxg,
formerly Professor of Mathematics in Belfast College. 3s.k

204. MATHEMATICAL TABLES, for Trigonometrical, Astronomical,
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms.
By Hexnry Law, C.E. Together with a Series of Tables for Navﬁatiun
and Nautical Astronomy. %y J.- K. Young, formerly Professor of Mathe-
matics in Belfast College. New Edition. 3s. 6d.1

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA-
TFTONS, and an Analysis of the Christian, Hebrew, and Mahometan
Calendars. By W. 5. B. WoorLnouvse, F.R.A.5., F.5.5. Sixth Edition,
carefully revised and enlarged. 2s.t

229, MATHEMATICS A8 APPLIED TO THE CONSTRUC-
TIVE ARTS. lllustrating the various processes of Mathematical Investi-
gation, by means of Arithmetical and Simple Algebraical Equations and
Practical Examples; also the Methods of Analysing Principles and De-
ducing Rules and Formula, applicable to the Requirements of Practice,
By Fraxcis Campiv, C.E., Author of ** Materials and Construction,” &c.
Second Edition, revised and enlarged by the Author. 35.3 [ Fust pudlished.

MISCELLANEOUS VOLUMES.

36. 4 DICTIONARY OF TERMS wsed in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY, ARCH/E-
OLOGY, the FINE ARTS, &re, H}F'JIDHH WearLe, Fifth Edition. Revised
by Roeerr Hust, F.R.5., Keeper of Mining Records. Numerous Illus-
trations. ss. cloth limp ; 6s. cloth boards.

0. THE LAW OF CONTRACTS FOR WORKS AND SER-
VICES. By Davin Giepons. Third Edition, enlarged. 3s.3

112, MANUAL OF DOMESTIC MEDICINE. By R. GooDING,
B.A., M.D. Intended as a Family Guide in all Cases of Accident and
Emergency. Third Edition. 2s.t

i12%, MANAGEMENT OF HEALTH. A Manual of Home and
Personal Hygiene. By the Rev. James Bairp, B.A. 1s.
150. LOGIC, Pure and Applied. By S. H. EMMENS.  1s. 6d.

153. SELECTIONS FROM LOCKE’S ESSAYS ON THE
HUMAN UNDERSTANDING. With Notes by S. H. EMMENS.  2s.

154. GENERAL HINIS TO EMIGRANTS. Containing Notices .
of the various Fields for Emigration. With Hints on Preparation for
Emigrating, Outfits, &c., &e. With Directions and Recipes useful to the
Emigrant. With a Map of the World. 2s.

157. THE EMIGRANI'S GUIDE 70 NATAL. By ROBERT

James Mawnn, F.R.AS,, F.M.S. Second Edition, carefully corrected to
the present Date. Map. 2s.

193. HANDBOOK OF FIELD FORTIFICATION, intended for the
Guidance of Officers Preparing for Promotion, and especially adapted to the
requirements of Beginners. By Major W. W, KNOLLYS, F.R.G.S., g3rd
Sutherland Highlanders, &c. ‘&Tith 163 Woodcuts. 3s.t

194. THE HOUSE MANAGER: Being a Guicie to Housekeeping.

Practical Cookery, Pickling and Preserving, Household Work, Dairy
Management, the Table and Dessert, Cellarage of Wines, Home-brewing
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable
Economy, Gardening Operations, &c. By Axy Orp Housekeeper. 3s. 6d.%
r9y. HOUSE BOOK (The). Comprising :—I. THE HOUSE MANAGER.
t12. Byan OLp Houvsexkeeper. II. Domustic Mepicivge. By Raien Gooping,
M.D. III. MawacemENT oF HeEaLTH. By James Bamimp, In One Vol,,

&, strongly half-bound. 6s.
P2, i

(=== The ¥ indicates that these ngy be had strongly bonnd af 6d. extra.
LONDON : CROSBY LOCKWOOD AND CO.,
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'EDUCATIONAL AND CLASSICAL SERIES.

HISTORY.

1. England, Outlines of the History of; more especially with
reference to the Origin and Progress of the English Constitution. By
WitLiam Dovcras Hamicton, F.5.A., of Her Majesty's Public Record
Office. 4th Edition, revised. ss.; cloth boards, 6s.

5. Greece, Outlines of the History of; in connection with the
Rise of the Arts and Civilization in Europe. By W. Dovcras HamiLTon,
of University College, London, and Epwarp Leview, M.A., of Balliol
College, Oxford. 2s. 6d.; cloth boards, 3s. 6€.

7. Rome, Outlines of the History of: from the Earliest Period
to the Christian Era and the Commencement of the Decline of the Empire.
By Epwarn Leviex, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s.6d.

9. Chronology of History, Art, Literature, and Progress,
from the Creation oi the World to the Conclusion of the Franco-German War.
The Continuation by W, D, Hamicron, F.5.A.  3s.; cloth boards, 3s. 6d.

§0. Dates and Events in English History, for the use of
Candidates in Public and Private Examinations, By the Rev. E. Raxp. 1s.

ENGLISH LANGUAGE AND MISCELLANEOUS.

11. Grammar of the English Tongue, Spoken and Written.
With an Introduction to the Study of Comparative Philology. By Hybpe
Crarke, D.C.L.. Fourth Edition. 1s. &d.

1i*. Philology: Handbook of the Comparative PhilnIagg' of English,
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Platt Dutch, High Dutch
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and
Portuguese Tongues. By Hype Crarke, D.C.L. 1s.

12. Dictionary of the English Language, as Spoken and
Written. Containing above 100,000 Words. By Hype Crarke, D.C.I.
3s. 6d. ; cloth boards, 4s.6d. ; complete with the GRAMMAR, cloth bds., 5s.6d.

48. Composition and Punctuation, familiarly Explained for
those who have neglected the Study of Grammar. By Justin BRENAN.
17th Edition. 1s. 6d. e

49. Derivative Spelling-Book : Giving the Origin of Every Word
from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Spanish,
and other Languages; with their present Acceptation and Pronunciation.
By J. Rowsornan, F.R.A.S. Improved Edition. 1s. 6d. :

. 51. The Art of Extempore Speaking: Hints for the Pulpit, the
' Senate, and the Bar. By M. Bavtan, Vicar-General and Professor at the
|‘ Sorbonne. Translated from the French. ;th Edition, carefully corrected. 2s.6d.
52. Mining and Quarrying, with the Sciences connected there-
with. First Book of, for Schools. By J. H. Coruins, F.G.S,, Lecturer to

the Miners' Association of Cornwall and Devon. 1s.

53.- Places and Facts in Political and Physical Geography,
for Candidates in Examinations. By the Rev. Encar Raxp, B.A. 1s.

54. Analytical Chemistry, Qualitative and Quantitative, a Course
of. To which is prefixed, a Brief Treatise upon Modern Chemical Nomencla-
ture and Notation. By Wwu. W. Pink and Georce E. WEBSTER. 2s.

THE SCHOOL MANAGERS' SERIES OF READING

i BOOKS,
Adapted to the Requirements of the New Code. Edited by the Rev. A. R, GrRANT,
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector

of Schools.
InTRODUCTORY PRIMER, 34.
5. d. 1. .
FIRsT STANDARD . . o 6 | FOURTHSTANDARD . .+ .+ 1 2
SEcosD . « 0710 | FIFTH o . r b6
THIRD £ o | SixtH . r 6

¥ L] l "
Lessons From THE BisLe. Part I. Old Testament. 1s.
Lessons FroM THE Bipre, Part II. New Testament, to which is added
THE GeoGrRAPHY OF THE BisLE, for very young Children. By Rev. C,
TuorNTON FORSTER., 15.2d. *,* Or the Two Parts in One Volume, 2s,

7. STATIONERS' HALL COURT, LUDGATE HILL, E.C.
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FRENCH.

24. French Grammar. With Complete and Concise Rules on the
Genders of French Nouns. By G. L. Stravss, Ph.D. 1s. 6d.

25. French-English Dictionary. Comprising a large number of
New Terms used in Engineering, Mining, &c. By ALerep ELwEs., 1s. 6d.

26. English~French Dictionary. By ALFRED ELWES. 2s.

25,20. French Dictionary (as above). Complete, in One Vol., 3s.;

cloth boards, 3s. 6d. *,* Or with the GrammaRr, cloth boards, 4s. 6d,

47. French and English Phrase Book : containing Intro-

ductory Lessons, with Translations, several Vocabularies of Words, a Col-
lection of suitable Phrases, and Easy Familiar Dialogues, 1s. 6d.

et

GERMAN.

39. German Grammar., Adapted for English Students, from
Heyse’s Theoretical and Practical Grammar, by Dr, G. L. Strauss. 1s.
40. German Reader: A Series of Extracts, carefully culled from the

most approved Authors of Germany; with Notes, Philological and Ex-
planatory. By G. L. Strauss, Ph.D)." 1s, : o

41-43. German Triglot Dictionary. By NicHOLAS ESTERHAZY
S. A. Hamieton. In Three Parts. - Part I. German-French-English.

Part II. English-German-French, Part III, French-German-English.
3s., or cloth boards, 4s.

11-43 German Triglot Dictionary (as above), together with German
& 39. Grammar (No. 30), in One Volume, cloth boards, 3s.

ITALIAN.

27. Italian Grammar, arranged in Twenty Lessons, with a Course
of Exercises. By AvLrrED ELwes. 1s, 6d. .

28. Italian Triglot Dictionary, wherein the Genders of all the
Italian and French Nouns are carefully noted down. By ALrrep Erwes.
Vol. 1. Italian-English-French. 2s.6d.

30. Italian Triglot Dictionary. By A. Erwgs. Vol. 2,
English-French-Italian. 2s. 6d.

32. Italian Triglot Dictionary. By ALFRED ELwEes. Vol 3.
French-Italian-English. 2s. 6d.

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d.
32, Cloth boards.

SPANISH AND PORTUGUESE.

24. Spanish Grammar, in a Simple and Practical Form. With
a Course of Exercises. By ALFrED ELwes. 1s. 6d,

35. Spanish~English and English-Spanish Dictionary.
Including a large number of Technical Terms used in Mining, Engineering, &c.,
with the proper Accents and the Gender of every Noun. By ALFRED ELwEs.
45. ; cloth boards, 55. *,¥ Or with the GraMMAR, cloth boards, 6s.

55. Portuguese Grammar, in a Simple and Practical Form.
With a Course of Exercises, By AvLrrenp Erwes. 1s. 6d.

56. Portuguese-English and English-Portuguese Dic-
tionary, with the Genders of cach Noun. By ArLrrep Erwes.

* [Fn the press.

HEBREW.
46*. Hebrew Grammar. By Dr. BRESSLAU. Is. 6d.
44. Hebrew and English Dictionary, Biblical and Rabbinical ;

containing the Hebrew and Chaldee Roots of the Old Testament Post-
Rabbinical Writings. By Dr. BrEssLAU, 6s.

46. English and Hebrew Dictionary. By Dr. BRESSLAU. 3s.

44,46, Hebrew Dictionary (as above), in Two Vols., complete, with
46*.  the GRAMMAR, cloth boards, 12s.
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LATIN.,

19. Latin Grammar. Containing the Inflections and Elementary
Principles of Translation and Construction, Bythe Rev. Tuomas Goobwix,
M.A., Head Master of the Greenwich Proprietary School. 1s.

20. Latin-English Dictionary. By the Rev. THoMAS GOODWIN,
M.A. 2s.

22, English-Latin Dictionary; together with an Appendix of
French and Italian Words which have their origin from the Latin. By the
Rev. THomas Goopwin, M.A. 1s. 6d. v

20,22, Latin Dictionary (as above). Complete in One Vol,, 3s. 0d.;

cloth boards, 4s. 6d. *,* Or with the GramumaR, cloth boards, 5s. 6d.

LATIN CLASSICS. With Explanatory Notes in English.
. Latin Delectus. Containing Extracts from Classical Authors,
with Genealogical Vocabularies and Explanatory Notes, by H. Youne. 1s.6d.

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographica
Register for the Use of Schonls, by H. Younag. zs.

Cornelius Nepos. With Notes, By H. YOUNG. 1s.

Virgilii Maronis Bucolica et Georgica. With Notes on the Buco-
kics by W, Rusuroxn, M.A., and on the Georgics by H. Youxe, 1s.6d.
Virgilii Maronis Aneis. With Notes, Critical and Explanatory,
by H. Youxg. New Edition, revised and improved. With copious Addi-
tional Notes by Rev, T. H. L. Leary, D.C.L,, formerly Scholar of Brasenose
College, Oxford. 3s.
§" —— Part 1. Books i.—vi., 12, 6d.
ek Part 2. Books vii.—xii., 2s.
6. Horace; Odes, Epode, and Carmen Sxculare, Notes by H.
Young. 1s.6d. :
7. Horace} Satires, Epistles, and Ars Poetica. Notes by W. BROWN-
riGG SmitH, M.A.,, F.R.G.S, 1s.6d.
8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical
and Explanatory, by W. M. Doxxe, B.A,, Trin, Coll., Cam. 1s.6d.
9. Terentii Andria et Heautontimorumenos. With Notes, Critical
and Explanatory, by the Rev. James Davies, M.A. 1s. 6d.
10. Terentii Adelphi, Hecyra, Phormio. Idited, with Notes, Critical
and Explanatory, by the Rev. James Davies, M.A. 2s.
II. Terentii Eunuchus, Comcedia. Notes, by Rev. J. DAVIES, M. A,
15. Gd.

£2. Ciceronis Oratio pro Sexto Roscio Amerino. Xdited, with an
Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev.
James Davies, M.A. 1s.

£3. Ciceronis Orationes in Catilinam, Verrem, et pro Archia.
With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev.
d E.'i L. Leary, D.C.L. formerly Scholar of Brasenose College, Oxford.
1s. 6d.

£4. Ciceronis Cato Major, Llius, Brutus, sive de Senectute, de Ami-
citia, de Claris Oratoribus Dialogi. With Notes by W. BrowNRIGG SMITH,
M.A., F.R.G.S. 2s.

16. Livy: History of Rome. Notes by H. YounG and W. B, SMITH,
M.A. Parti. Booksi., ii., 1s. 6d.

16%, ———— Part 2. Books iii., iv., v., 15. 6d.

17, Part 3. Books xxi., xxii,, 15, 6d.

19. Latin Verse Selections, from Catullus, Tibullus, Propertius,
and Ovid, Notes by W. B. Doxxe, M.A., Trinity College, Cambridge. zs.

20. Latin Prose Selections, from Varro, Columella, Vitruvius,
Seneca, quiutilian, Florus, Velleius Paterculus, Valerins Maximus Sueto-
nius, Apuleius, &c. Notes by W. B. Donneg, M.A, zs,

21. Juvenalis Satiree. With Prolegomena and Notes by T. H. S,
Escort, B.A., Lecturer on Logic at King’s College, London. 2s.

I

o
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GREEK.

14. Greek Grammar, in accordance with the Principles and Philo-
logical Researches of the most eminent Scholars of our own day, By Hans
Cravpe Hamiiton, 1s. 6d. :

15,17. Greek Lexicon. Containing all the Words in General Use, with

their Significations, Inflections, and Doubtful Quantities. By Hexry R.
Hamicron. Vol. 1. Greek-Euglish, 2s. 6d.; Vol. 2. English-Greek, as. Ot
the Two Vols. in One, 4s. 6d.: cloth boards, 5s.

14,15. Greek Lexicon (as above). Complete, with the GRAMMAR, in
17. One Vol., cloth boards, 6s.

GREEK CLASSICS. With Explanatory Notes in English.

I. Greek Delectus. Containing Extracts from Classical Authors,
Eléh _Geneall?gical Vncahdula.récs :i.nd E;p}anatﬂr}r Notes, by H. Young., New
ition, with an improved and enlarged Supplementary V. :
Hutcuison, M.A., gf the High Sc:h-::gnl, G‘]H[.?:;'(.'IW. Is.yﬁd'acahulary, [y dune
2, 3. Xenophon’s Anabasis; or, The Retreat of the Ten Thousand.
Notes and a Geographical Register, by H. Youne. Part 1. Books i. to iii.,
1s. _Parl: 2. Books iv. to vii., 15.

4. Lucian’s Select Dialogues. The Text carefully revised, with

Grammatical and Explanatory Notes, by H, Young. 1s. 6d.

5-12. Homer, The Works of. According to the Text of BAEUMLEIN,
With Notes, Critical and Explanatory, drawn from the best and latest
Authorities, with Preliminary Observations and Appendices, by T. H. L.
Leary, M.A.,, D.C.L. ;

Tue ILiAD: Part 1. Books i. to vi,, 1s.6d. | Part 3. Books xiii, to xviii., 1s. 6d.

Part 2. Books vii.to xii., 15.6d. | Part 4. Books xix. to xxiv., 1s. 6d.

Tue OpyssEY. Part:i. Booksi. to vi., 1s. 6d Part 3. Books xiii. to zviii., 1s. 6d.

Part 2. Books vii. to xil., 1s. 6d. Part 4. Books xix. to xxiv., and
: Hymns, 2s.

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and
the Phaedo. From the Text of C. F. HErmann. Edited with Notes, Critical
and Explanatory, by the Rev. JameEs Davies, M.A. 2s,

14-17. Herodotus, The History of, chiefly aflter the Text of GAISFORD.
With Preliminary Observations and Appendices, and Notes, Critical and
Explanatory,by T. H. L. Leary, M.A., D.C.L.

Part 1. Books i., ii. (The Clio and Euterpe), 2s.

Part 2. Books ii1., iv. (The Thalia and Melpomene), 2s.

Part 3. Books v.-vii. (The Terpsichore, Erato, and Pol nia), 2s.

Part 4. Books viii., ix. (The Urania and Calliope) and Index, 1s, 6d.
18. Sophocles: (Edipus Tyrannus. Notes by H. YoUnG. 1s.

20. Sophocles: Antigone. From the Text of DiNDORF. Notes,
Critical and Explanatory, by the Rev. Jou~n MiLner, B.A. 2s.
23. Euripides: Hecuba and Medea. Chiefly from the Text of DIN-

porF, With Notes, Critical and Explanatory, by W. Browxrice Smith,
M.A., F.R.G.5. 1s.6d.

26. Euripides: Alcestis. Chiefly from the Text of DinporF. With
Notes, Critical and Explanatory, by Joux Miuixer, B.A. 1s. 6d.

30. ZEschylus: Prometheus Vinctus : The Prometheus Bound. From
the Text of Dinporr. Edited, with English Notes, Critical and Explanatory,
by the Rev. JamEs Davies, M.A. 1s.

32. Zschylus: Septem Contra Thebes: The Seven against Thebex,
From the Text of Dixporr. Edited, with English Notes, Critical and I';+
planatory, by the Rev. James Davies, M.A. 1. i

4o. Aristophanes: Acharnians. Chiefly from the Text of C. 14,
Weise. With Notes, by C. S. T. Townssexp, M.A, 1s.6d.

41. Thucydides: History of the Peloponnesian War. Notes by .
Younc. Book 1. 15 :

42. Xenophon’s Panegyric on Agesilaus. Notes and Intro-
duction by Lr. F. W. Jewitt. 1s. 6d. e

43. Demosthenes. The Oration on the Crown and the Philippics.
With English Notes. By Rev. T. H. L. LEARY, D.C.L., formerly Scholar of
Brasenose College, Oxford. 1s. 6d. ;

CROSBY LOCKWOOD AND CO., 7, STATIONERS' HALL COURT, E.C.
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Humber's Work on Waler-Supply.

A COMPREHENSIVE TREATISE on the WATER-SUPPLY
of CITIES and TOWNS., By WiILLiaAM HUMBER, A.-M. Inst.

C.E., and M. Inst. M.E.

Illustrated with 50 Double Flates,

I Single Plate, Coloured Frontispiece, and upwards of 250 Wood-
cuts, and containing 400 pages of Text. Imp. 4to, 6/ 6s. elegantly
and substantially half-bound in morocco.

List of Contents :—

I. Historical Sketch of some of the
means that have been adopted for the
Supply of Water to Cities and Towns.—
II. Waterand the Foreign Matter usually
associated with it.—IlI. Rainfall and
Evaporation.—1IV. Springs and the water-
bearing formations of various districts. —
V. Measurement and Estimation of the
Flow of Water.—VI, On the Selection of
the Source of Supply.—VII. Wells,—
VIII. Reservoirs,—1X. The Purification
of Water.—X. Pumps.—XI. Pumping

Machinery.—XII. Conduits,.—XIII. Dis-
tribution of Water.—XIV. Meters, Ser-
vice Pipes, and House Fittings.—XYV. The
Law and Economy of Water Works. —
XVI. Constant and Intermittent Supply.
—XVII. Description of Plates.—Appen-
dices, giving Tables of Rates of Supply,
Velocities, &c. &c., together with Specifi-
cations of several Works illustrated, among
which will be found :—Aberdeen, Bideford,
Canterbury, Dundee, Halifax, Lambeth,
Rotherham, Dublin, and others.

““ The most systematic and valuable work upon water supply hitherto produced in

English, or in any other language . .

Mr. Humber's work i1s characterised almost

throughout by an exhaustiveness much more distinctive of French and German than
of English technical treatises,”"—Engineer,

Humber's Work on Bridge Construction.

A COMPLETE and PRACTICAL TREATISE on CAST and
WROUGHT-IRON BRIDGE CONSTRUCTION, including

Iron Foundations.

In Three Parts—Theoretical, Practical, and

Descriptive. By WILLIAM HUMBER, A.-M. Inst. C.E., and M. Inst.
M.E. Third Edition, with 115 Double Plates, In 2 vols. imp. 4to,
6/. 165, 64. half-bound in morocco.

“ A book—and particularly a large and costly treatise lixe Mr. Humber's—which
has reached its third edition may certainly be said to have estallished its own

reputation.”—Engincering.
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Humber's Modern Engineering.
A RECORD of the PROGRESS of MODERN ENGINEER.

ING. First Series.

draulic, Railway, Bridge, and other Engineering Works, &c.

WiLLiam HuMEER, A.-M.

Comprising Civil, Mechanical, Marine, Hy-

By
Inst. C.E., &c. Imp. 4to, with

36 Double Plates, drawn to a large scale, and Portrait of John

Hawkshaw, C.E., F.R.S., &c.,

fications, &c.

and descriptive Letter-press, Speci-

3/. 3s. half morocco.

List of the Plates and Diagrams.

Victoria Station and Roof, L. B. & S.
C. R. (B plates); Southport Pier (z plates);
Victoria Station and Roof, L. C. & D. and
G. W. R. (6 plates); Roof of Cremorne
Music Hall ; ndﬁe over G. N. Railway;
Roof of Station, Dutch Rhenish Rail (2

plates) ; Bridge over the Thames, West
London Extension Railway (5 plates) ; Ar-
mour Plates ; Suspension Bridge, Thames
(4 plates): The Allen Engine ; uap&nsion
Bridge, Avon (3 plates); Underground
Railway (3 plates).

<y Hand.sam&]y lithographed and printed. It will find favour with many who desire
to preserve in a permanent form copies of the plans and specifications prepared or the
guidance of the contractors for many important engineering works.”—Engine,

HUMBER’S RECORD OF MODERN ENGINEERING. Secnnd

Series.

Imp. 4to, with 36 Double Plates, Portrait of Robert Ste-

phenson, C.E., &c., and descriptive Letterpress, Specifications,

&c. 3/ 3s. half morocco.

List of the Plates and ﬂ:n‘%{mm:

Birkenhead Docks, Low Water Basin
(15 Ial'.es] Charing "Cross Station Roof,

8 Railway (3 plates) ; Digswell Via-
l:I.u::t G. N. Railway; Robbery Wood
Viaduct, G. N. le.wa}'; Iron Permanent
Way ; Clydach Viaduct, Merthyr, Tre-
degar, and Abergavenny Railway ; Ebbw

Viaduct, Merthyr, Tredegar, and Aberga-
venny Railway ; College Wood Viaduct,
Cornwall Railwa : Dublin Winter Palace
Roof (3 plates) ; Bridge over the Thames,
L. C. and D. Rail way (6 plates); Albert

Harbour, Greenock (4 plates).

HUMBER’S RECORD OF MODERN ENGINEERING. Third
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M‘Clean,
Esq., late Pres, Inst. C.E., and descriptive Letterpress, Specifica-

tions, &c.

3/, 3s. half morocco.

List of the Plates and Diagrams.

Mamn DgraNace, METRoOPOLIS. —
worth Side.—Map sh-:}wmg Interception |
of Sewers ; Middle Level Sewer (z plates); |
Qutfall Sewer, Bridge over River Lea (3 |

lates); Outfall Sewer, Bridge over Marsh |

Branch (z plates); Outfall Sewer, Reser-
voir and Outlet (4 plates); Outfall Sewer,
Filth Hoist; Sections of Sewers (North
' and South Sldﬂs}

TaaAMES EMBANKMENT.— Section of

e, North Woolwich Railway, and Bow | River Wall ; Steamboat Pier, Westminster

and Barkin Raﬂway Junction ; Outfall |
Sewer, Bridge over Bow and Rar'l-:u'sg
Railway (3 plates); Outfall Sewer, Bridge
over East undun Waterworks" Feeder
(z plates); Outfall Sewer, Reservoir (2
plates) ; Outfall Sewer, Tumbling Bay
and Outlet; Outfall Stv.r:r Penstocks.
South Side.—Outfall Sewer, Eermlnndsey

(2 plates); Lam:lmg Stairs between Cha-

ring Cross and Waterloo Bridges ; York

Gate (z plates) ; Overflow and Outlet at

Savoy Street Sewer (3 plates) ; Steamboat

Pier, Waterloo Bridge (3 platﬁ}, June-

tion nfScwers Plans and Sections ; Gullies,
| Plans and S-ectic-ns ; Rolling Smck % Gra-
| nite and Iron Forts.

HUMBER’S RECORD OF MODERN ENGINEERING. Fourth

Imp. 4to, with 36 Double Plates, Portrait of John Fowler,
and descriptive Letterpress, Specifica-

Series.
Esqg., late Pres, Inst. C.E.,
tions, &c. 34 3+ half morocco.

List of the Plates and Diagrams.

Abbey Mills Pumping Station, Main
Draimnage, Metropolis (4 plates); Barrow
Docks (5 plates) ; Manquis Viaduct, San-
tiago and Valparaiso Raillway (2 plates);
Adam’s Locomotive, St. Helen's Canal
Railway (2 plates); Cannon Street Station
Roof, Charing Cross Railway (3 plates);
Road Bridge over the River Moka (2
plates). Telegraphic Apparatus for Meso-

gfl}tamm Viaduct over the River Wye,

idland Railway (3 lljiams} St German’'s
Viaduct, Cormwall iway (2 plates);
Wrought-Iron Cylinder for Diving Bell ;
Millwall Docks (6 plates) ; Milroy's Patent
Excavator, Metropolitan District Railway
(6 plates) ; Harbours, Ports, and Break-
waters (3 plates).




PUBLISHED BY CROSBY LOCKWOOD & CO. 3

Strains, Formule & Diagrams for Calculation of.

A HANDY BOOK for the CALCULATION of STRAINS
in GIRDERS and SIMILAR STRUCTURES, and their
STRENGTH ;consisting of Formuleeand Corresponding Diagrams,
with numerous Details for Practical Application, &ec. By WiLLiam
HuMmBER, A.-M. Inst. C.E., &c. Third Edition. With nearly

100 Woodcuts and 3 Plates, Crown 8vo, 7s. 64. cloth.
““ The system of employing dngrams as a substitute for complex computations
15 one justly coming mtu great favour, and in that respect Mr, Humber’s volume is
fully up to the times,"—Engineering.

Stramns.

THE STRAINS ON STRUCTURES OF IRONWORK;

with Practical Remarks on Iron Construction. By F. W, SHEILDs,
M. Inst, C.E. Second Edition, with 5 Plates. Royal 8vo, 5s, cloth,

““The student cannot find a better book on this subject thanMr, Sheilds'.”"— Engineer,

Barlow on the Strength of Materials, enlarged.

A TREATISE ON THE STRENGTH OF MATERIALS,
with Rules for application in Architecture, the Construction of
Suspension Bridges, Railways, &c.; and an Appendix on the
Power of Locomotive Engines, and the effect of Inclined Planes
and Gradients. By PETER BarLow, F.R.S. A New Edition,
revised by his Sons, P. W. BarrLow, F.R.S., and W. H, BarLOW,
F.R.S. Edited by W. HuMBER, A-M. Inst. C.E. 8vo, 18s. cloth,

““The standard treatise upon this particular subject,”—Engineer,

Strength of Cast Iron, &.

A PRACTICAL ESSAY on the STRENGTH of CAST IRON
and OTHER METALS. By T. TREncoLD, C.E. sth Edition,
To which are added, Experimental Researches on the Strength, &c.,
of Cast Iron, by E. HopgkiNsoN, F.R.S. 8vo, 125 cloth,

8 HoDGKINSON’S RESEARCHES, teparate, price 6s.

#
Hydraulics.
HYDRAULIC TABLES, CO-EFFICIENTS, and FORMUL/AE

for finding the Discharge of Water from Orifices, Notches, Weirs,
Pipes, and Rivers. With New Formul=, Tables, and General
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage,
Water Supply for Towns and Mill Power. By JoHN NEVILLE,
Civil Engineer, M.R.ILA. Third Edition, carefully revised, with

considerable Additions. Numerous Illustrations. Cr. 8vo, 14s, "cloth.
““Undoubtedly an exceedingly useful and elaborate C{:mpl.].al‘ltl-n '—Iron.
“ Alike valuable to students and engineers in practice.”—Mining Fournal,

Rever LEngineering.

RIVER BARS: Notes on the Causes of their Formation, and on
their Treatment by f Induced Tidal Scour,” with a Description ol
the Successful Reduction by this Method of the Bar at Dublin, By
I. J. MaNN, Assistant Engineer to the Dublin Port and Docks
Board. With Illustrations. Royal 8vo. 7s. 64, cloth,

Hydraulics.

HYDRAULIC MANUAL. Consisting of Working Tables and
Explanatory Text. Intended as a Guide in Hydraulic Calculations
and Field Operations. DBy Lowis D'A. Jackson. Fourth
Edition, Rewritten and Enlarged. Large Crown Svo., 16s. cloth,
[ Faest pudlishea,

B 2




4 WORKS IN ENGINEERING, SURVEYING, ETC.,

Levelling.
A TREATISE on the PRINCIPLES and PRACTICE of
LEVELLING ; showing its Application to Purposes of Railway
and Civil Engineering, in the Construction of Roads ; with Mr.
TELFORD's Rules for the same. By FREDERICK W. SIMMSs,
F.G.S,, M. Inst. C.E. Sixth Edition, very carefully revised, with
the addition of Mr., LAW’s Practical Examples for Setting out
Railway Curves, and Mr, TRAUTWINE'S Field Practice of Laying
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo,
8s. 64. cloth. *e TRAUTWINE on Curves, separate, §s.

“ The text-book on levelling in most of our engineering schools and colleges,”—
Engineer.

Practical Tunnelling.

PRACTICAL TUNNELLING : Explaining in detail the Setting
out of the Works, Shaft-sinking and Heading-Driving, Ranging
the Lines and Levelling under Ground, Sub-Excavating, Timbering,
and the Construction of the Brickwork of Tunnels with the amount
of labour required for, and the Cost of, the various portions of the
work. By F. W. SimwMms, M. Inst. C.E. Third Edition, Revised
and Extended. DBy D. KINNEAR CLARK, M.L.C.E. Imp. 8vo,
with 21 Folding Plates and numerous Wood Engravings, 30s. cloth.
“ It has been regarded from the first as a text-book of the subject. . . . Mr. Clark
has added immensely to the value of the book."—Engineer,
Stean.
STEAM AND THE STEAM ENGINE, Stationary and Port-
able. Being an Extension of Sewell’s Treatise on Steam. By D.
KINNEAR CLARK, M.L.C.E. Second Edition. 12mo, 4s. cloth.

Civil and Hydraulic Engineering.
CIVIL ENGINEERING. By HeEnry Law, M. Inst. C.E,
Including a Treatise on Hydraulic Engineering, by GEORGE R.
BurNeLL, M.I.C.E. Sixth Edition, Revised, with large additions
on Recent Practice in Civil Engineering, by D. KINNEAR CLARK,
M. Inst. C.E. 12mo, 7s. 64., cloth boards.

Gas-Lighting.
COMMON SENSE FOR GAS-USERS: a Catechism of Gas-

Lighting for Householders, Gasfitters, Millowners, Architects,
Engineers, &c. By R. WiLson, C.E. 2nd Edition. Cr. 8vo, 2s. 64.

Bridge Construction in Masonry, Timber, & Iron.

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC-
TION IN MASONRY, TIMBER, AND TIRON ; consisting of
46 Plates from the Contract Drawings or Admeasurement of select
Works. By W. Davis HaskorL, C.E. Second Edition, with
the addition of 554 Estimates, and the Practice of Setting out Works,

with 6 pages of Diagrams, Imp. 4to, 2/. 12s5. 62, half-morocco.
“* A work of the present nature by a man of Mr. Haskoll's experience, must prove
Invaluable. The tables of estimates considerably enhance its value.”"—Engineering,

Earthwortk.

EARTHWORK TAELES, showing the Contents in Cubic Yards
of Embankments, Cuttings, &c., of Heights or Depths up to an
average of 8o feet. By JosEPH BROADBENT, C,E., and FRAKCIS
CsaymviN, C.E, Cr. 8vo, oblong, 5s, cloth.
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Tramways and their Working.
TRAMWAYS : their CONSTRUCTION and WORKING.
With Special Reference to the Tramways of the United Kingdom.
By D. KINNEAR CLARK, M.I.C.E. SUPPLEMENTARY VOLUME;
recording the Progress recently made in the Design and Construc-
tion of Tramways, and in the Means of Locomotion by Mechanical
Power. With Wood Engravings. 8vo, 125, cloth,

Tramways and their Working.
TRAMWAYS : their CONSTRUCTION and WORKING.
By D. KiNNEAR CLARK, M. Inst. C. E. With Wood En-
gravings, and thirteen folding Plates. THE COMPLETE WORK, in

2 vols., Large Crown 8vo, 30s. cloth,
¢ All interested in tramways must refer to it, as all railway engineers have turned
to the author's work * Ranlu ay Machnu.ry "M The Engineer.

Proneer Engincering.
PIONEER ENGINEERING. A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New
Countries. By EpwarD Dosson, A.I.C.E. With Plates and

Wood Engravings. Revised Edition. 12mo, §s. cloth.
** A workmanlike production, and one without possession of which no man should
start to encounter the duties of a pioneer engineer.”—.d *henaim.,

Steam Engine.
TEXT-BOOK ON THE STEAM ENGINE. By T. M.
GOODEVE, M. A., Barrister-at-Law, Author of ¢ The Principles
of Mechanics,” **The Elements of Mechanism,” &c. Fourth
Edition. With numerous Illustrations. Crown 8vo, 6s. cloth.
Y Mr. Goodeve’s text-book i1s a work of which every young engineer should pos-
sess himsell."—Mining Fournal.
Steam.
THE SAFE USE OF STEAM : containing Rules for Unpro-
fessional Steam Users. Byan ENGINEER. 4th Edition. Sewed, 64.
** If steam-users would but learn this little book by heart, boiler explosions would
become sensations by their l'ﬂ..'l'll‘_l,." -—.Er:gfw-& Mechanic.,
Mechanical Engineering.
DETAILS OF MACHINERY : Comprising Instructions for the
Execution of various Works in Iron, in the Fitting-Shop, Foundry,
and Boiler-Yard. Arranged Explessly for the use of Draughts-
men, Students, and Foremen Engineers. By Francis CAMPIN,
C.E. 12mo. 35. 6d. cloth. [ Frest j)mﬁe:'z.rﬁm’

Mechanical Engineering.

MECHANICAL ENGINEERING : Comprising Metallurgy,
Moulding, Casting, Forginz, Tools, Workshop Machinery, Manu-
facture of the Steam Engine, &c. By F. CaMPIN, C.E. 3s. cloth.

Works of Construction.
MATERTALS AND CONSTRUCTION : a Theoretical and
Practical Treatise on the Strains, Designing, and Erection of
Works of Construction. By F. CampIN,C. E. 12mo. 3s. 64. cl. brds.

Iron Bridges, Girders, Roofs, &c.
A TREATISE ON THE APPLICATION OF IRON
TO THE CONSTRUCTION OF BRIDGES, GIRDERS,
ROOFS, AND OTHER WORKS. By F.Camrin, C,E, 12mo, 3+,
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Boiler Construction.

THE MECHANICAL ENGINEER'S OFFICE BDOK
Boiler Construction. By NELsoN FoLEY, Cardiff, late Assistant
Manager Palmer’s Engine Works, Jarrow. With 29 full-page
Lithographic Diagrams. Folio 21s. half-bound.

Obligue Arches.

A PRACTICAL TREATISE ON THE CONSTRUCTION of
OBLIQUE ARCHES. By JouN HART. 3rd Ed. Imp. 8vo, 8s.cloth,

Obligue Bridges.

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE
BRIDGES, with 13 large Plates. By the late GEo. WATSON
Buck,M.1. 'C.E. Third Edition, revised by his Son, J. H. WATSON
BUCI{ M.I.C.E. ; and with the addition of Description to Dia-
grams for Facilitating the Construction of Oblique Bridges, by
W. H. BarLow,M.I.C.E. Royal 8vo, 12+. cloth.

** The standard text book for all engineers regarding skew arches.”"—Engineer.

Gas and Gasworks.
THE CONSTRUCTION OF GASWORKS AND THE
MANUFACTURE AND DISTRIBUTION OF COAL-GAS.
Originally written by S. HucHEs, C.E. Sixth Edition. Re-written
and enlarged, by W. RICHARDs, C.E. 12mo, 5s. cloth.
Waterworks for Cities and Towns.

WATERWORKS for the SUPPLY of CITIES and TOWNS,
with a Description of the Principal Geological Formations of Eng-
land as influencing Supplies of Water. By S. HUGHES. 4. 6d. cloth.

Locomotive-Engine Driving.

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for
Engineers in charge of Locomotive Engines. By MICHAEL
REv~NoLDs, M.S.E. Fifth Edition. Comprising A KEY TO THE
LOCOMOTIVE ENGINE. With Illustrations, Cr.8vo, 4564, cl.
'* Mr. Re‘l_,rrmld*_-. has supplied a want, and has supplied it well."—Engineer.
The Engineer, fareman, and Lngine-Boy.

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN,
AND ENGINE-BOY. By M. REYNOLDS. men 8vo, 4s. 6d.
Stationary Engine Driving.
STATIONARY ENGINE DRIVING. A Practical Manual for
Engineers in Charge of Stationary Engines. By MICHAEL REY-
NoLDs. Second Edition, Revised and Enlarged. With Plates and
Woodcuts. Crown 8vo, 4s5. 6d. cloth. [F st pablished.
Engine-Driving Life.
ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci-
dents in the Lives of Locomotive Engine-Drivers. By MICHAEL
REvyxoLps. Crown 8vo, 2s5. cloth.
Continuous Railway Brafkes.

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on
the several Systems in Use in the United Kingdom ; their Construc-
tion and Performance. With copious Illustrations and numerous
Tables. By MicHAEL REvyNoLDs. Large Crown 8vo, gs. cloth.

[Fust preblished,
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Construction of Iron Efﬁ?ﬂﬁ Pz[.f’ar;, &e.

IRON AND HEAT ; exhibiting the Principles concerned in the
construction of Iron Beams, Pillars, and Bridge Girders, and the
Action of Heat in the Smelting Furnace. By J. ARMoUR, C.E. 3s.
Fire Engineering.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With
a History of- Fire-Engines, their Construction, Use, and Manage-
ment ; Remarks on Fire-Proof Buildings, and the Preservation of
Life from Fire; Statistics of the Fire Appliances in English
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c.
By CHARLEs F, T. Young, C.E, With numerous Illustra.tmns,
handsomely printed, 544 pp., demy 8vo, 1/, 4+ cloth,

* We can most heartily commend this book. ’—Eug:m‘armg

““Mr. Young's book on *Fire Engines and Fire Brigades’ contains a mass of
information, which has been collected from a variety of sources. The subject is so
intensely interesting and useful that it demands consideration."— Building News.

Trigonometrical Surveying.

AN OUTLINE OF THE METHOD OF CONDUCTING A
TRIGONOMETRICAL SURVEY, for the Formation of Geo-
graphical and Topographical Maps and Plans, Military Recon-
naissance, Levelling, &c., with the most useful Problems in Geodesy
and Practical Astronomy. By LieuT.-GEN. FroMmE, R.E,, late In-
spector-General of Fortifications. Fourth Edition, Enlarged, and
partly Re-written. By CAPTAIN CHARLES WARREN, R.E. With
19 Plates and 115 Woodcuts, royal 8vo, 16s. cloth.

Tables of Curves.

TABLES OF TANGENTIAL ANGLES and MULTIPLES
for setting out Curves from 5 to 200 Radius. By ALEXANDER
BeAzeLEY, M. Inst, C,E. Second Edition, Printed on 48 Cards,

and sold in a cloth box, waistcoat-pocket size, 3s. 64.

** Each table is printed ona smﬁll card, wh:u:h being pIar:ed on the theodolite, leaves
the hands free to manipulate the instrument.’ g ngineer.

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

Eﬂg’?ﬂfﬁf’z ﬂg‘ Fggzdwarfé [A thenaume.

THE PRACTICE OF ENGINEERING FIELDWORK,
applied to Land and Hydraulic, Hydrographic, and Submarine
Surveying and Levelling. Second Edition, revised, with consider-
able additions, and a Supplement on WATERWORKS, SEWERS,
SEWAGE, and IRRIGATION. By W. Davis HaskoLr, C.E,
Numerous folding Plates, In1 Vol., demy 8vo, 1/ 5s., cl. boards.

Large Tunnel Shafts.

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.
A Practical and Theoretical Essay. By J. H. WarsoN Buck,
M. Inst. C.E., Resident Engineer, London and North-Western

Railway. Illustrated with Folding Plates. Royal 8vo, 125 cloth.
“ Many of the methods given are of extreme practical value to the mason, and the
observations on the form of arch, the rules for ordering the stone, and the construc-
tion of the templates, will be found of considerable use. We commend the book to
the engineering profession, and to all who have to build similar shafts.”"—Building
News.
“Will be regarded by civil engineers as of the utmost value, and calculated to save
much time ang obviate many mistakes."—Colliery Guardian.
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Survey Practice.
AID TO SURVEY PRACTICE : for Reference in Surveying,
Levelling, Setting-out and in Route Surveys of Travellers by Land
and Sea. With Tables, Illustrations, and Records. By Lowis
D’A. JAackson, A.-M.I.C.E. Author of * Hydraulic Manual and
Statistics,” &c. Large crown 8vo, 12s5. 64., cloth.

*! Mr. Jackson has had much and varied experience in field work and some know-
ledge of bookmaking, and he has utilised both these acquirements with a very useful
result. ‘T'he volume covers the ground it occupies very thoroughly.”—FEngineering.

** A general text book was wanted, and we are able to speak with confidence of
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows
something of the mathematical principles of the subject a better course than to r'crnil"y
his practice in the field under a competent surveyor with a study of Mr. Jackson's
useful manual. The ficld records illustrate every kind of survey, and will be found

an essential aid to the student."—Suilding News.
*“The author brings to his work a fortunate union of theory and practical expe-

rience which, aided by a clear and lucid style of writing, renders the book both a very
useful one and very agreeable to read.”"—ZSwilder.

Sanitary Work.
SANITARY WORK IN THE SMALLER TOWNS AND
IN VILLAGES. Comprising :—I1. Some of the more Common
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water

Supply. By CHASs. SLAGG, Assoc. Inst. C.E. Crown 8vo, 3+ cloth.
“A very useful book, and may be safely recommended. The author has had
practical experience in the works of which he treats."—Suilder.

Locomotives.
LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com-
%rising an Historical Sketch and Description of the Locomotive
ngine. By G. D. DEmpsey, C.E. With large additions treat-
ing of the MoODERN LocoMOTIVE, by D. KINNEAR CLARK,
M. Inst. C.E. With Illustrations. I12mo. 3s. 6d. cloth boards.

“The student cannot fail to profit largely by adopting this as his preliminary text-

book.”—J{ron and Coal Trades Review.
** Seems a model of what an elementary technical book should be."—.dcademy.

Fuels and therr Economy.
FUEL, its Combustion and Economy ; consisting of an Abridg-
ment of **A Treatise on the Combustion of Coal and the Prevention
of Smoke.” By C. W. WiLLiaMs, A.I.C.E. With extensive
additions on Recent Practice in the Combustion and Economy of
Fuel—Coal, Coke, Wood, Peat, Petroleum, &c.; by D. KIN-
NEAR CLARK, M. Inst. C.E. Second Edition, revised. With

Illustrations. 12mo. 4s. cloth boards.
* Students should buy the book and read it, as one of the most complete and satis-
factory treatises on the combustion and economy of fuel to be had."—ZEngincer.

Roads and Streets.
THE CONSTRUCTION OF ROADS AND STREETS. In
Two Parts. I. The Art of Constructing Common Roads. By
Hexry Law, C.E. Revised and Condensed. II. Recent
Practice in the Construction of Roads and Streets: including
Pavements of Stone, Wood, and Asphalte. By D. KINNEAR

CLARK, M. Inst. C.E. Second Edit., revised. 12mo, §s. cloth.
*¢ A beok which every borough surveyor and engineer must possess, and which will
be of considerable service to architects, bailders, and property owners generally."—
Building News.
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Sewing Macline (1e).

SEWING MACHINERY ; being a Practical Manual of the
Sewing Machine, comprising its History and Details of its Con-
struction, with full Technical Directions for the Adjusting of Sew-
ing Machines. By J. W. URQUHART, Author of *‘Electro
Plating : a Practical Manual ;” ¢ Electric Light : its Production
and Use.” With Numerous Illustrations. I2mo, 25 64, cloth.

Field-Book for Engineers.

THE ENGINEER’S, MINING SURVEYOR'S, and CON-
TRACTOR’S FIELD-BOOK. By W. Davis Haskory, C.E.
Consisting of a Series of Tables, with Rules, Explanations of
Systems, and Use of Theodolite for Traverse Surveying and Plotting
the Work with minute accuracy by means of Straight Edge and Set
Squareonly ; Levelling with the Theodolite, Casting out and Re-
ducing Levels to Datum, and Plotting Sections in the ordinary
manner; Setting out Curves with the Theodolite by Tangential
Angles and Multiples with Right and Left-hand Readings of the
Instrument ; Setting out Curves without Theodolite on the System
of Tangential Angles by Sets of Tangents and Offsets; and Earth-
work Tables to 8o feet deep, calculated for every 6 inches in depth.

With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo.12s. cloth.
“ The book is very handy, and the author might have add=d that the separate tables
of sines and tangents to every minute will make it useful for many other purposes, the
genuine traverse tables existing all the same.”"—A thenaum.
 Cannot fail, from its portability and utility, to be extensively patronised by the
engineering profession.”—Mining Fournal,

Earthwork, Measurement and Caleulation of.

A MANUAL on EARTHWORK. By ALEX. ]J. S. GRAHAM,
C.E., Resident Engineer, Forest of Dean Central Railway. With

numerous Diagrams, 18mo, 25, 6. cloth,

** As a really handy book for reference, we know of no work equal to it; and the
railway engineers and others employed in the measurement and calculation of earth-
work will iind a great amount of practical information very admirably arranged, and
available for general or rough estimates, as well as for the more exact calculations
required in the engineers’ contractor’s offices,”"—d »fizan,

Drawing for Engineers, &.

THE WORKMAN’'S MANUAL OF ENGINEERING
DRAWING. By Joun Maxrton, Instructor in Engineering
Drawing, Royal Naval College, Greenwich, formerly of R. 5. N. A.,
South Kensington. Fourth Edition, carefully revised. With upwards

of 300 Plates and Diagrams. 12mo, cloth, strongly bound, 4.

‘“ A copy of it should be kept for reference in every drawing office.”"—Engineering.
‘* Indispensable for teachers of engineering drawing."”—Mechanics' Magazine,

Wealds Dictionary of Terms.
A DICTIONARY of TERMS used in ARCHITECTURE,
BUILDING, ENGINEERING, MINING, METALLURGY,
ARCHAOLOGY, the FINE ARTS, &c. By JouN WEALE,
Fifth Edition, revised by RoserT HUNT, F.R.S., Keeper of Mining

Records, Editor of *‘ Ure’s Dictionary of Arts.” 12mo, 65 cl. bds.
“ The best small technological dictionary in the language."—A»chitect.
“ The absclute accuracy of a work of this character can only be judged of after
extensive consultation, and from our examination it appears very correct and very
complete.”"—-Mining Fournal.
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MINING, METALLURGY, ETC.

A
Coal and Iron.

THE COAL AND IRON INDUSTRIES OF THE UNITED
KINGDOM : comprising a Description of the Coal Fields, and of
the Principal Seams of Coal, with returns of their Produce and its
Distribution, and Analyses of Special Varieties. Also, an Account
of the occurrence of Iron Ores in Veins or Seams ; Analyses of
each Variety ; and a History of the Rise and Progress of Pig Iron
Manufacture since the year 1740, exhibiting the economies intro-
duced in the Blast Furnaces for its Production and Improvement.
By RicHARD MEADE, Assistant Keeper of Mining Records. With
Maps of the Coal Fields and Ironstone Deposits of the United
Kingdom. 8wvo., £1 85, cloth, [ fuest published,

Metalliferous Minerals and Mining.

A TREATISE ON METALLIFEROUS MINERALS AND
MINING. By D.C. Davies, F.G.S., author of ‘* A Treatise on
Slate and Slate Quarrying.” With numerous wood engravings.
Second Edition, revised. Cr. 8vo, 12s5. 64. cloth.

“ Without question, the most exhaustive and the most practically useful work we

have seen ; the amount of information given is enormous, and it i1s given concisely
and intelligibly."—Mining Forurnal.

Slate and Slate Quarrying.

A TREATISE ON SLATE AND SLATE QUARRYING,
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S.,
Mining Engineer, &c. With numerous Illustrations and Folding
Plates. Second Edition, carefully revised. 12mo, 3s. 64. cloth boards.

** Mr. Davies has written a useful and practical hand-book on an important industry,
with all the conditions and details of which he appears familiar."—Engincering.

Metallurgy of Iron.

A TREATISE ON THE METALLURGY OF IRON : con-
taining Outlines of the History of Iron Manufacture, Methods of
Assay, and Analyses of Iron Ores, Processes of Manufacture of
Iron and Steel, &c. By H. BAuermAN, F.G.S. Fifth Edition,
Revised and greatly Enlarged, With Numerous Illustrations,
12mo. §s. 6., cloth boards. [Faest prblished.

Manual of Mining Tools.

MINING TOOLS. For the use of Mine Managers, Apgents,
Mining Students, &c. By WirrLiam MorGAxs. Volume of Text.
12mo, 35. With an Atlas of Plates, containing 235 Illustrations.
4to, 6s. Together, 9s. cloth boards.

Mining, Surveying and Valuing.
THE MINERAL SURVEYOR AND VALUER'S COM-
PLETE GUIDE, comprising a Treatise on Improved Mining
Surveying, with new Traverse Tables; and Descriptions of Im-
proved Instruments ; also an Exposition of the Correct Principles
of Laying out and Valuing Home and Foreign Iron and Coal
Mineral Properties, By WILLIAM LINTERN, Mining and Civil
Engineer. With four Plates of Diagrams, Plans, &c., 12mo, 4+. cloth.

* * The above, bound with THoMAN's TABLES. (See page 20.)
Price 7s5. 64, cloth,
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Coal and Coal Mining.

COAL AND COAL MINING : a Rudimentary Treatise on. By
WariNngTOoN W. SmyTH, M.A., F.R.S., &c., Chief Inspector
of the Mines of the Crown. Fifth edition, revised and corrected.

12mo, with numerous Illustrations, 4s. cloth boards.

‘* Every portion of the volume appears to have been prepared with much care, and
as an outhne is given of every known coal-field in this and other countries, as well as
of the two principal methods of working, the book will doubtless interest a very
large number of readers."— MWining Fournal.

Underground Pumping Mackinery.

MINE DRAINAGE ; being a Complete and Practical Treatise
on Direct-Acting Underground Steam Pumping Machinery, with
a Description of a large number of the best known Engines, their
General Utility and the Special Sphere of their Action, the Mode
of their Application, and their merits compared with other forms of
Pumping Machinery. By STEPHEN MICHELL, Joint-Authorof “ The
Cornish System of Mine Drainage.” 8vo, 15s.cloth,

NAVAL ARCHITECTURE, NAVIGATION, ETC.

S g —

Pocket Book for Naval Avchitects & Shipbuilders.

THE NAVAL ARCHITECT’S AND SHIPBUILDER'S
POCKET BOOK OF FORMULA, RULES, AND TABLES
AND MARINE ENGINEER’S AND SURVEYOR’S HANDY
BOOK OF REFERENCE., ByCLEMENT MAcCKROW, M, Inst.
N. A., Naval Draughtsman, Second Edition, revised, With
numerous Diagrams. Fcap., 12s. 6d., strongly bound in leather.

** Should be used by all who are engaged in the construction or design of vessels.”
—Engineer.

** There is scarcely a subject on which a naval architect or shipbuilder can require
to refresh his memory which will not be found within the covers of Mr. Mackrow's
book."—English Mechanic.

** Mr. Mackrow has compressed an extraordinary amount of information into this
useful volume."—Athenaum.

Granthands Iron Ship-Building.

ON TRON SHIP-BUILDING ; with Practical Examples and
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40
Plates (21 quite new), including the latest Examples, Together
with separate Text, also considerably enlarged, 12mo, cloth limp.
By JouN GRANTHAM, M. Inst. C.E., &c. 2/ 25 complete,

““ Mr. Grantham’s work is of great interest. It will, we are confident, command an
extensive circulation among shipbuilders in general. By order of the Board of Admi-
ralty, the work will form the text-book on which the examination in iron ship-building
of candidates for promotion in the dockyards will be mainly based.”— Engineering.

Pocket-Book for Marine Engineers.

A POCKET-BOOK OF USEFUL TABLES AND FOR-
MULAE FOR MARINE ENGINEERS. By FRANK PROCTOR,
A.LN.A. Third Edition. Royal 32mo, leather, gilt edges, 4s.

“ A most useful companion to all marine engineers.”"— Unifed Service Gaszetle.
** Scarcely anything required by a naval engineer appears to have been for-
gotten,"—Jron.
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Light-Houses,

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of
a Tour of Inspection made in 1873. By Major GECRGE H.
ErrioT, Corps of Engineers, U.S.A. Illustrated by 51 En-
gravings and 31 Woodcuts in the Text. 8vo, 21s. cloth.

Surveying (Land and Marine).

LAND AND MARINE SURVEYING, In Reference to the
Preparation of Plans for Roads and Railways, Canals, Rivers,
Tovms’ Water Supplies, Docks and Harbours ; with Description
and Use of Surveying Instruments, By W. Davis HaskoLL, C.E.
With 14 folding Plates, and numerous Woodcuts. 8vo, 12s. 64. cloth,

" A most useful and well arranged book for the aid of a student.”—Builder.

" Of the utmost practical utility, and may be safely recommended to all students
who aspire to become clean and expert surveyors.”—Mining Fournal.
Storms.,

STORMS : their Nature, Classification, and Laws, with the
Means of Predicting them by their Embodiments, the Clouds.
Dy WiLLiam Brasius. Crown 8vo, 10s. 64. cloth boards,

Rudimentary Navigation,
THE SAILOR’S SEA-BOOK : a Rudimentary Treatise on Navi-
gation. By JAMEs GREENWoOD, B.A. New and enlarged edition.
By W. H. Rosser. 12mo, 3s. cloth boards.

Mathematical and Nautical Tables.

MATHEMATICAL TABLES, for Trigonometrical, Astronomical,
and Nautical Calculations; to which is prefixed a Treatise on
Logarithms. By HENRY Law, C.E. Together with a Series of
Tables for Navigation and Nautical Astronomy. By Professor
J. R. Young. New Edition. 12mo, 4s. cloth boards.

Navigation ( Practical), with Tables.
PRACTICAL NAVIGATION : consisting of the Sailor’'s Sea-
Book, by JAMES GrREENWooD and W. H. RossEr ; together
with the requisite Mathematical and Nautical Tables for the Work-
ing of the Problems. By HeNry Law, C.E., and Professor
J. R, Young. Illustrated. 12mo, 7s. strongly half-bound in leather,

WEALE'S RUDIMENTARY SERIES.

The following books in Naval Architecture, elc., are published in the
above series.

NAVIGATION anp NAUTICAL ASTRONOMY IN THEORY
AND PRACTICE. By ProrEessor J. K. YounG. New Edition.
Including the Requisite Elements from the Nautical Almanac for
Working the Problems, 12mo, 25, 64. cloth.

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By
RoBERT KipPPING, N.A. Fourteenth Edition. 12mo, 2s. 64. cloth.

SATILS AND SAIL-MAKING. Tenth Edition, enlarged. By
RoBerT KIpPPING, N.A. Illustrated. 12mo, 3 cloth boards.

NAVAL ARCHITECTURE. By JAMEs PEAKE. Fourth Edition,
with Plates and Diagrams. 12mo, 4s. cloth boards.

MARINE ENGINES, AND STEAM VESSELS. By ROBERT
MurrAay, C.E. Seventh Edition. 12mo, 35 64. cloth boards.
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ARCHITECTURE, BUILDING, ETC.

Construction. s

THE SCIENCE of BUILDING : An Elementary Treatise on
the Principles of Construction, By E. WynpDHAM TARN, MLA,,
Architect. With 55 Wood Engravings. Second Edition, revised and
enlarged, including an entirely new chapter on the Nature of
Lightning, and the Means of Protecting Buildings from its Violence.
Crown 8vo, 7s. 64, cloth.

“ A very valuable book, which we strongly recommend to all students.”—ZFBuilder,
“* No architectural student should be without this hand-book,”—A »chitect.

Civil and Ecclesiastical Building.

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL,
Including CHURCH RESTORATION. By S5ir EDMUND BECKETT,
Bart., LL.D, Q.C,, F.RAS. Author of ‘“Clocks and
Watches and Bells,” &c. 12mo, §s. cloth boards,

** A book which is always amusing and nearly always instructive. We are able
very cordially to recommend all persons to read it for themselves. " —Tiwres.

““ We commend the book to the thoughtful consideration of all who are interested
in the building art.”—FBuilder.

Ville Awrchitecture.

A HANDY BOOK of VILLA ARCHITECTURE ; being a
Series of Designs for Villa Residences in various Styles. With
Detailed Specifications and Estimates. By C. WIckEs, Architect,
Author of * The Spiresand Towersof the Medizval Churches of Eng-
land,” &c. 30 Plates, 4to, half morocco, gilt edges, 1/, Is,
*.* Also an Enlarged edition of the above. 61 Plates, with Detailed
Specifications, Estimates, &c. 2/, 2s. half morocco.

Useful Text-Book for Architects.

THE ARCHITECT'S GUIDE : Being a Text-book of Useful
Information for Architects, Engineers, Surveyors, Contractors,
Clerks of Works, &c. By F. RogErs. Cr. 8vo, 6s. cloth,

““As a text-book of useful information for architects, engineers, surveyors, &ec., it
would be hard to find a handier or more complete little volume,”"—Sfandard.

The Young Architect’'s Book.

HINTS TO YOUNG ARCHITECTS. By G. WIGHTWICK.
New Edition. By G. H, GUILLAUME. 12mo, cloth, 4s.
“Will be found an acquisition to pupils, and a copy ouzht to be considered as

necessary a purchase as a box of instruments.”" —A4 rehitect.
Drawing for Builders and Students.

PRACTICAL RULES ON DRAWING for the OPERATIVE
BUILDER and YOUNG STUDENT in ARCHITECTURE.,
By GEORGE PyNE, With 14 Plates, 4to, 7s. 64. boards,

Botler and Factory Chimneys.

BOILER AND FACTORY CHIMNEYS ; their Draught-power
and Stability, with a chapter on Lightning Conductors, By ROBERT
WiLson, C.E, Crown 8vo, 3s. 64. cloth,
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-'-Z:lz_y!ﬂr and Cresy's Rome.

THE ARCHITECTURAL ANTIQUITIES OF ROME. By
the late G. L. TAvLOR, Esq., F.S5.A., and EDwARD CREsy, Esq.
New Edition, Edited by the Rev. ALEXANDER TAYLOR, M.A. (son
of the late G. L. Taylor, Esq.) This is the only book which gives
on a large scale, and with the precision of architectural measure-
ment, the principal Monuments of Ancient Rome in plan, elevation,
and detail. Large folio, with 130 Plates, half-bound, 3/. 3s.

¥« Originally published in two volumes, folio, at 18/, 18s,

Vitruvins Architecture.

THE ARCHITECTURE OF MARCUS VITRUVIUS
POLLIO. Translated by JoserH GwiLt, F.S.A., F.R.A.S.
Numerous Plates, 12mo, cloth limp, 5.

Ancient Awrchitecture.

RUDIMENTARY ARCHITECTURE (ANCIENT); com:
prising VITRUVIUS, translated by JosepH GwiILT, F.S.A.,
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE.,
By the EARL of ABERDEEN ; 12mo, 65, half-bound.

*oF The only edition of VITRUVIUS procurable at a moderate price.

Modern Awrchitecture.

RUDIMENTARY ARCHITECTURE (MODERN); com-
prising THE ORDERS OF ARCHITECTURE. By W, H,
LEEDS, Esq. ; The STYLES of ARCHITECTURE of VARIOUS
COUNTRIES. By T. Tavrsor Bury ; and The PRINCIPLES
of DESIGN in ARCHITECTURE, By E. L. GARBETT.
Numerous illustrations, 12mo, 6s. half-bound.

Croil Awrchitecture.

A TREATISE on THE DECORATIVE PART of CIVIL
ARCHITECTURE. By Sir WiLrLiam CHAMBERS, F.R.S,
With Illustrations, Notes, and an Examination of Grecian Archi-
tecture, By JoserH GwILT, F.S5.A. Revised and edited by W.
H. LEeDs. 66 Plates, 4to, 21s. cloth,

House Painting.
HOUSE PAINTING, GRAINING, MARBLING, AND
SIGN WRITING : a Practical Manual of, With g9 Coloured
Plates of Woods and Marbles, and nearly 150 Wood Engravings.
By ErLL1is A, Davipson. Third Edition, Revised, 12mo, 6s. cloth.

Plumbing.

PLUMBING ; aText-book to the Practice of the Art or Craft of the
Plumber. With chapters upon House-drainage, embodying the
latest Improvements. By W. P. BUCHAN, Sanitary Engineer.
Fourth Edition, Revised and Enlarged, with above 330 illustrations.
12zmo. 45, cloth, [Faest paedlished.

Foints used in Building, Engineering, &e.
THE JOINTS MADE AND USED BY BUILDERS in the
construction of wvarious kinds of Engineering and Architectural
works, with especial reference to those wrought by artificers in
erecting and finishing Habitable Structures. By W, J. CHRISTY,
Architect. With 160 Illustrations., 12mo, 3s5. 67. cloth boards.
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Handbook of Specifications.

THE HANDBOOK OF SPECIFICATIONS; or, Practical
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing
up Specifications and Contracts for Works and Constructions.
Illustrated by Precedents of Buildings actually executed by eminent
Architects and Engineers. DBy Professor THOoMAs L. DONALD-
soN, M.LB.A. New Edition, in One large volume, 8vo, with
upwards of 1000 pages of text, and 33 Plates, cloth, 1/ 115 6d.

““1n this work forty-four specifications of executed works are given. . . . Donald-
son's Handbook of Specifications must be bought by all architects.”"—Buiider.

Specifications for Practical Architecture.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE:
A Guide to the Architect, Engineer, Surveyor, and Builder ; with
an Essay on the Structure and Science of Modern Buildings. By
FREDERICK ROGERS, Architect. 8vo, 15+ cloth,

*+* A volume of specifications ofa practical character being greatly required, and the

old standard work of Alfred Bartholomew being out of print, the author, on the basis
of that work, has produced the above.—E.xéract from Preface,

Designing, Measuring, and Valuing.

THE STUDENT’S GUIDE to the PRACTICE of MEA.-
SURINGand VALUING ARTIFICERS’ WORKS; contairing
Directions for taking Dimensions, Abstracting the same, and bringing
the Quantities into Bill, with Tables of Constants, and copious
Memoranda for the Valuation of Labour and Materials in the re-
spective Trades of Bricklayer and Slater, Carpenter and Joiner,
Painter and Glazier, Paperhanger, &c. With g Plates and 47 Wood-
cuts. Criginally edited by EbwArD DoBsoN, Architect. New
Edition, re-written, with Additions on Mensuration and Construc-
tion, and useful Tables for facilitating Calculations and Measure-

ments. By E. WynNDHAM TARN, M. A., 8vo, 10s. 64. cloth.

* Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have
much increased the usefulness of the work.”"—Enginsering.

Beatow's Pocket Estimator.

THE POCKET ESTIMATOR FOR THE BUILDING
TRADES, being an easy method of estimating the various parts
of a Building collectively, more especially applied to Carpenters’
and Joiners’ work. By A. C, BEATON. Second Edition.
Waistcoat-pocket size. 1. 64,

Beaton's Builders and Surveyors' Technical Guide.

THE POCKET TECHNICAL GUIDE AND MEASURER
FOR BUILDERS AND SURVEYORS: containing a Complete
Explanation of the Terms used in Building Construction, Memo-
randa for Reference, Technical Directions for Measuring Work in
all the Building Trades, &c. By A. C. BEATON, 1s 6d.

The House-Owner's Estimalor.
THE HOUSE-OWNER'S ESTIMATOR ; or, What will it
Cost to Build, Alter, or Repair? A Price-Book for Unprofes-
sional People, Architectural Surveyors, Builders, &c. DBy the late
James D, SimoN. Edited by F. T. W. MILLER, A.R.[.B. A,
Third Edition, Revised. Crown 8vo, 3s5. 6., cloth,

“In two years it will repay its cost a hundred times over.”"—Fiedd
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Cement.

PORTLAND CEMENT FOR USERS. By HENRY FAIja,
A.M, Inst, C.E., with Illustrations. Crown 8vo. 3s. 64. cloth.

** A useful compendium of results for the builder ard architect,”"—Building News.

Builder's and Contractor's Price Book.

LOCKWOOD & CO.’S BUILDER'S AND CONTRACTOR’S
PRICE BOOK, containing the latest prices of all kinds of Builders’
Materials and Labour, and of all Trades connected with Building,
&c. Revised by F. T. W. MiLLER, A.R.I.B.A, Half-bound, 4.

CARPENTRY, TIMBER, ETC.
-.-r.n--‘-—n—

Tredgold’s Carpentry, new and cheaper Edition.

THE ELEMENTARY PRINCIPLES OF CARPENTRY :
a Treatise on the Pressure and Equilibrium of Timber Framing, the
Resistance of Timber, and the Construction of Floors, Arches,
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which
is added an Essay on the Nature and Properties of Timber, &ec.,
with Descriptions of the Kinds of Wood used in Building ; also
numerous Tables of the Scantlings of Timber for different purposes,
the Specific Gravities of Materials, &c. By THoMAs TREDGOLD,
C.E. Edited by PETER BArLow, F.R.S. Fifth Edition, cor-
rected and enlarged. 'With 64 Plates, Portrait of the Author, and

Woodcuts. 4to, published at 2/, 2s., reduced to 1. §s. cloth.

“Ought to be in every architect's and every builder’s library, and those who
do not already possess it ought to avail themselves of the new issue.”—Builder.

" A work whose monumental excellence must commend it wherever skilful ecar-
pentry is concerned. The Author's principles are rather confirmed than impaired by
time. The additional plates are of great intrinsic value."—Building News.

Grandy's Timber Tables.

THE TIMBER IMPORTER’S, TIMBER MERCHANT'S,
& BUILDER'S STANDARD GUIDE. By R. E. GRANDY.

2nd Edition. Carefully revised and corrected. I2mo, 35 64. cloth.

“ Everything it pretends to be: built ug gradually, it leads one from a forest to a
treenail, and throws in, as a makeweight, a host of material concernin _brlcks, cnlu_mns,
cisterns, &c,—all that the class to whom it appeals requires.”—English Mechanic,

Tomber Freight Book.
THE TIMBER IMPORTERS' AND SHIPOWNERS’
FREIGHT BOOK : Being a Comprehensive Series of Tables for
the Use of Timber Importers, Captains of Ships, Shipbrokers,
Builders, and Others. By W. RICHARDSON. Crown 8vo, 6s.

Tables for Packing-Case Marers.
PACKING-CASE TABLES ; showing the number of Superficial
Feet in Boxes or Packing-Cases, from six inches square and

upwards., By W. RicHarDsoN. Oblong 4to, 35. 64. cloth,
“ Invaluable labour-saving tables.”—/ronmonger.

Carriage Building, &c.
COACH BUILDING: A Practical Treatise, Historical and
Descriptive, containing full information of the various Trades and
Processes involved, with Hints on the proper keeping of Carriages,
&c, 57 Illustrations, DBy James W. BURGESS. 12mo, 3+. cloth,
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Horton's Measurer.
THE COMPLETE MEASURER ; setting forth the Measure-
ment of Boards, Glass, &c.; Unequal-sided, Square-sided, Oc-
tagonal-sided, Round Timber and Stone, and Standing Timber.
Also a Table showing the solidity of hewn or eight-sided timber,
or of any octagonal-sided column. By RicHARD HORTON.
Fourth Edit. With Additions, 12mo, strongly bound in leather, 5s.

Hortow's Underwood and Woodland Tables.

TABLES FOR PLANTING AND VALUING UNDER-
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical,
and Decimal Tables, &c. By R. HorRTON, 1I12mo, 2s. leather.

Nicholsow's Carpenter's Guide.
THE CARPENTER'S NEW GUIDE; or, BOOK of LINES
for CARPENTERS : comprising all the Elementary Principles
essential for acquiring a knowledge of Carpentry. Founded on the
late PETER NIcHOLSON’S standard work. A new Edition, revised
by ARTHUR ASHPITEL, F.S.A., together with Practical Rules on
Drawing, by GEorRGE PyNE. With 74 Plates, 4to, 1/, 1s. cloth,

Dowsing’s Timber Mevchant's Companion.

THE TIMBER MERCHANT'S AND BUILDER'S COM-
PANION ; containing New and Copious Tables of the Reduced
Weight and Measurement of Deals and Battens, of all sizes, from
One to a Thousand Pieces, also the relative Price that each size
bears per Lineal Foot to any given Price per Petersburgh Standard
Hundred, &c., &c. Also a variety of other valuable information.
By WiLrLiaM DowsiNGg, Timber Merchant. Third Edition, Re-

vised. Crown 8vo, 3s. cloth.
““Everything is as concise and clear as it can possibly be made. There can be no
doubt that every timber merchant and builder ought to possess it."—Hwull Advertiser.

Practical Timber Merchant.

THE PRACTICAL TIMBER MERCHANT, being a Guide
for the use of Building Contractors, Surveyors, Builders, &c.,
comprising useful Tables for all purposes connected with the
Timber Trade, Essay on the Strength of Timber, Remarks on the
Growth of Timber, &c. By W. RicHARDsoN. Fcap. 8vo, 3+ 6d. cl.
Woodworking Mackinery.
WOODWORKING MACHINERY ; its Rise, Progress, and
Construction. With Hints on the Management of Saw Mills and
the Economical Conversion of Timber. Illustrated with Examples
of Recent Designs by leading English, French, and American
Engineers. By M. Powi1s BaLg, M.I.M.E. Crown 8vo, 12s. 6. cl.
“ Mr. Bale is evidently an expert on the subject, and he has collected so much
information that his book is all-sufficient for buifders and others engaged in the con-
version of timber.” —d schitect.

“ The most comprehensive compendium of wood-working machinery we have
seen. The author is a thorough master of his subject."—Fuilding News.

Saw Mils.
SAW MILLS, THEIR ARRANGEMENT AND MANAGE-
MENT, AND THE ECONOMICAL CONVERSION OF
TIMBER. By M. Powis BaLg, M.ILM.E. With numerous

Illustrations. Crown 8vo. [In the Press.
C
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MECHANICS, ETC.
Lurning. [arii vy

LATHE-WORK : a Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Turning. By PAuL N. HAs-

LUCK. With Illustrations drawn by the Author. Crown 8vo, §s.

* Evidently written from Eersona] experience, and gives a large amount of just
that sort of information which beginners at the lathe require."—Bwuildsr.

Mechanic’'s Workshop Companion.
THE OPERATIVE MECHANIC’S WORKSHOP COM-
PANION, and THE SCIENTIFIC GENTLEMAN’S PRAC-
TICAL ASSISTANT. By W. TEMPLETON. I3th Edit., with
Mechanical Tables for Operative Smiths, Millwrights, Engineers,

&c. ; and an Extensive Table of Powers and Roots, 12mo, 5s. bound,

“ Admirably adapted to the wants of a very large class. It has met with great
success in the engineering workshop, as we can testify ; and there are a great many
men who, in a great measure, owe their rise in life to this little work. "— Bl ing News.

Engineer's and Mackinist’s Assistant.

THE ENGINEER'’S, MILLWRIGHT’S, and MACHINIST’S
PRACTICAL ASSISTANT ; comprising a Collection of Useful
Tables, Rules, and Data. By WM. TEMPLETON. 18mo, 25, 6d.

Swatth’s Tables for Mechanics, Cre.
TABLES, MEMORANDA, and CALCULATED RESULTS,
FOR MECHANICS, ENGINEERS, ARCHITECTS,
BUILDERS, &c. Selected and Arranged by Francis SMITH.
240pp. Waistcoat-pocket size, 15.64., limp leather, [Fast published.

Doiler Matking.
THE BOILER-MAKER'S READY RECKONER. With
Examples of Practical Geometry and Templating, for the use of
Platers, Smiths, and Riveters. By Joun CoURTNEY, LEdited by
D. K. CrLarK, M. I. C.E. 12mo, 9+, half-bd. [ Feust padlished.

Superficial Measurement.
THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA-
SUREMENT. Tables calculated from 1 to 200 inches in length,
by 1 to 108 inches in breadth. By]. HAwWKINGS. Fep. 3+ 64. cl.

The High-Pressure Steam Engine.

THE HIGH-PRESSURE STEAM ENGINE. By Dr. ERNST
ALBAN, Translated from the German, with Notes, by Dr. PoOLE,
F.R.S. Plates, 8vo, 16s. 6d. cloth.

Steam Botilers.
A TREATISE ON STEAM BOILERS : their Strength, Con-
struction, and Economical Working. By R. WiLson, C.E,
Iifth Edition. 12mo, 6s. cloth.

“‘The hest work on boilers which has come under our notice "—Engincering.
““The best treatise that has ever been published on steam boilers."—Engineer.

Mechanics.
THE HANDBOOK OF MECHANICS., By DioNvsIUS
LArDNER, D.C.L.. New Edition, Edited and considerably En-
iarged, by BEnjaMiN LoEwY, F,R.A.S., &c., post 8vo, 6s. cloth,
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MATHEMATICS, TABLES, ETC.

Metrical Units and Systems, &c.
MODERN METROLOGY : A Manual of the Metrical Units
and Systems of the present Century. With an Appendix con-
taining a proposed English System. By Lowis DA, JACKsoN,
A.-M. Inst. C.E., Author of ** Aid to Survey Practice,” &c.
Large Crown 8vo, 12s5. 64. cloth. [Fuest pablished.

Gregory's Practical Mathematics.

MATHEMATICS for PRACTICAL MEN ; being a Common-
lace Book of Pure and Mixed Mathematics. Designed chiefly
or the Use of Civil Engineers, Architects, and Surveyors. Part I,
PURE MATHEMATICS—comprising Arithmetic, Algebra, Geometry,

Mensuration, Trigonometry, Conic Sections, Properties of Curves.
Part II. MixEp MATHEMATICS—comprising Mechanics in general,

Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics,
Mechanical Agents, Strength of Materials, &c. By OLINTHUS GRE-
gory, LL.D., F.R.A.S. Enlarged by H. Law, C.E. 4th Edition,
revised by Prof. J. R. YounG. With 13 Plates. 8vo, I/, 1s. cloth,

Mathematics as applied to the Constructive Aris.
A TREATISE ON MATHEMATICS AS APPLIED TO
THE CONSTRUCTIVE ARTS. Illustrating the various pro-
cesses of Mathematical Investigation by means of Arithmetical and
simple Algebraical Equations and Practical Examples, &c. B
Francis CampiN, C.E. 12mo, 35. 6d. cloth.  [Fust pudlished,

Geometry for the Architect, Engineer, &e.

PRACTICAL GEOMETRY, for the Architect, Engineer, and
Mechanic. By E. W, TARN,M.A. With Appendices on Diagrams
of Strains and Isometrical projection, Demy 8vo, 9s. cloth.

Practical Geonmelry.

THE GEOMETRY OF COMPASSES, or Problems Resolved
by the Mere Description of Circles, and the Use of Coloured
Diagrams and Symbols. By OLivER BykNE. Coloured Plates,
Crown 8vo, 3s. 64., cloth,

The Metric System.

A SERIES OF METRIC TABLES, in which the British
Standard Measures and Weights are compared with those of the
Metric System at present in use on the Continent. By C. H.
DowLING, C.E. 2nd Edit., revised and enlarged. 8vo, 105 64. cl.

Inwood’s Tables, greatly enlavged and improved.

TABLES FOR THE PURCHASING of ESTATES, Freehold,
Copyhold, or Leasehold : Annuities, Advowsons, &c., and for the
Renewing of Leases; also for Valuing Reversionary Estates, De-
ferred Annuities, &c. By WiLLiAM INWoOOD. 21Ist edition, with
Tables of Logarithms for the more Difficult Computations of the

Interest of Money, &c. By M. FEpor THOMAN, I2mo. 8s. cloth.

“* Those interested in the purchase and sale of estates, and in the adjustment of

compensation cases, as well as in transactions in annuities, life insurances, &c., will
find the present edition of eminent service,"—Lngineering.

cC 2
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Weights, Measures, Moneys, &'e.

MEASURES, WEIGHTS, and MONEYS of all NATIONS.
Entirely New Edition, Revised and Enlarged. By W. S. B.
WooLHnoUusE, F.R.A.5. 12mo, 25 64. cloth boards.

Compound Interest and Annuities.

THEORY of COMPOUND INTEREST and ANNUITIES;
with Tables of Logarithms for the more Difficult Computations of
Interest, Discount, Annuities, &c., in all their Applications and
Uses for Mercantile and State Purposes. By FipoR THOMAN,
of the Société Crédit Mobilier, Paris. 3rd Edit., 12mo, 45 64. cl.

Iron and Metal Trades’ sz!m.:’:zfar.

THE IRON AND METAL TRADES’ COMPANION :
Being a Calculator containing a Series of Tables upon a new and
comprehensive plan for expeditiously ascertaining the value of any
goods bought or sold by weight, from 1s. per cwt. to 1125 per
cwt., and from one farthing per 1b. to 1s. per Ib. Each Table ex-
tends from one 1b. to 100 tons. By T. DOWNIE. 396 pp., 9s., leather.

Iron and Steel.

IRON AND STEEL: a Work for the Forge, Foundry,
Factory, and Office. Containing Information for Ironmasters and
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ;
Mechanical, Mining, and Consulting Engineers ; Architects, Builders,
&c. By CHARLEs HoarEg. Eighth Edit. Oblong 32mo, 6s., leather.

Comprehensive Weight Caleulator.

THE WEIGHT CALCULATOR, being a Series of Tables
upon a New and Comprehensive Plan, exhibiting at one Reference
the exact Value of any Weight from 1lb. to 15 tons, at 300 Pro-
gressive Rates, from 1 Penny to 168 Shillings per cwt., and con-
taining 186,000 Direct Answers, which, with their Combinations,
consisting of a single addition, will afford an aggregate of 10,266,000
Answers ; the whole being calculated and designed to ensure
Correctness and promote Despatch. By HENRY HARBEN,
Accountant, New Edition. Royal 8vo, 1/, §s., half-bound.

Comprehensive Discount Guide.

THE DISCOUNT GUIDE : comprising Tables for the use of
Merchants, Manufacturers, Ironmongers, and others, by which
may be ascertained the exact profit arising from any mode of using
Discounts, either in the Purchase or Sale of Goods, and the method
of either Altering a Rate of Discount, or Advancing a Price, so as
to produce, by one operation, a sum that will realise any required
profit after allowing one or more Discounts: to which are added
Tables of Profit or Advance from 1} to 9o per cent., Tables of
Discount from 1} to 98§ per cent., and Tables of Commission, &c.,
from } to 10 per cent. By H. HARBEN, 8vo, 1/ §s., half-bound.

Mathematical Instruments.

MATHEMATICAL INSTRUMENTS: Their Construction,
Adjustment, Testing, and Use ; comprising Drawing, Measuring,
Optical, Surveying, and Astronomical Instruments. By J. F.
HEeATHER, M.A. Enlarged Edition. 12mo, §s. cloth.
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SCIENCE AND ART.

—

Gold and Gold- Wﬁ?’éf_ J

THE GOLDSMITH’S HANDBOOK : containing full instrue-
tions for the Alloying and Working of Gold. Including the Art of
Aloying, Melting, Reducing, Colouring, Collecting and Refining.
Chemical and Physical Properties of Gold, with a new System of
Mixing its Alloys; Solders, Enamels, &c. By GEorGE E. GEE.

Second Edition, enlarged. 12mo, 3s5. 64. cloth.
*“ The best work yet printed on its subject for a reasonable price.” — Feweller.
“ Essentially a practical manual, well adapted to the wants of amateurs and
apprentices, containing trustworthy information that only a practical man can
supply.”—Enelish Mechanic.

Stlver and Silver Working.

THE SILVERSMITH'S HANDBOOK, containing full In-
structions for the Alloying and Working of Silver. Including the
different Modes of Refining and Melting the Metal, its Solders, the
Preparation of Imitation Alloys, &c. By G. E. GEE. 12mo, 3s. 6d.

““ The chief merit of the work is its practical character, The workers in the trade
will speedily discover its merits when they sit down to study it.”" —ZEnglish Mechanic .

Hall-Marvking of [ewellery.

THE HALL-MARKING OF JEWELLERY PRACTICALLY
CONSIDERED, comprising an account of all the different Assay
Towns of the United Kingdom ; with the Stamps at present
employed ; also the Laws relating to the Standards and Hall-
Marks at the various Assay Offices ; and a variety of Practical
Suggestions concerning the Mixing of Standard Alloys, &e. By
GEORGE E. GEE. Crown 8vo, 5s. cloth. [ Faest pubdlished,

Electro-Plating, &e.

ELECTROPLATING: A Practical Handbook. By J. W,

UrqQuHART, C.E. Crown 8vo, 5s. cloth.
*“ Any ordinarily intelligent person may becume an adept in electro-deposition
with a very little science indeed, and this is the book to show the way.”—Builder.

Llectrotyping, &.
ELECTROTYPING : A Practical Manual on the Reproduction
and Multiplication of Printing Surfaces and Works of Art by the
Electro-deposition of Metals, By J. W. Urqunart, C.E.
Crown 8vo, s5s. cloth,
A guide to beginners and those who practise the old and imperfect methods.”—Jron.

Llectro-Plating.

ELECTRO-METALLURGY PRACTICALLY TREATED.
By ALEXANDER WaATT, F.R.5.5.A. Including the Electro-
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum,
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &ec.,
&c. Seventh Edition, Revised and Enlarged, including the most
recent Processes. I2mo, 3s5.[64. cloth.
‘ From this book both amateur and artisan may learn everything necessary for
the successful prosecution of electroplating.”—Jron.
““ A practical treatise for the use of those who desire to work in the art of electro-
deposition as a business.”— Ene/lish Mechanic.
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Dentistry.

MECHANICAL DENTISTRY, A Practical Treatise on the
Construction of the various kinds of Artificial Dentures., Com-
prising also Useful Formule, Tables, and Receipts for Gold
Plate, Clasps, Solders, etc., etc. By CHARLES HUNTER. Second
Ediiion, Revised ; including a new chapter on the use of Celluloid.
With over 100 Engravings. Cr. 8vo, 7s.64. cl. [ Fust published.
““ An authoritative treatise, which we can strongly recommend to all students.”"—

Dublin Journal of Medical Science,
““The best book on the subject with which we are acquainted."—Medical Press.

Electricity.
A MANUAL of ELECTRICITY ; including Galvanism, Mag-
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and
the Electric Telegraph. By HENrY M. Noap, Ph.D., F.C.S.
Fourth Edition, with 500 Woodcuts. 8vo, 1/. 4+. cloth.

“The accounts given of electricity and galvanism are not only complete in a scientific
sense, but, which 1s a rarer thing, are popular and interesting.”—ZLancef,

Text-Book of Electricity.

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By
HENRY M. Noap, Ph.D., F.R.S., &c. New Edition, Revised.
With an Introduction and Additional Chapters by W. H. PREECE,
M.I.C.E., Vice-President of the Society of Telegraph Engineers,

&c. With 470 Illustrations. Crown 8vo, 12s5. 6d. cloth,

‘““A reflex of the existing state of Electrical Science adapted for students.”—
W. H. Preece, Esq., vide ** Introduction,”

“We can recommend Dr. Noad's book for clear style, great range of subject, a
good index, and a plethora of woodcuts. Such collections as the present are indis-
pensable.”—A thenaune. i

** An admirable text-book for every student—beginner or advanced—of electricity.”
—Engincering.

" Recommended to students as one of the best text-books on the subject that they
can have. Mr. Preece appears to have introduced all the newest inventions in the shape
of telegraphic, telephonic, and electric-lighting apparatus.”— English Mechanic.

" Under the editorial hand of Mr, Preece the late Dr. Noad's text-book of elec-
tricity has grown into an admirable handbook."—Westminster Review.

Electric Lighting.
ELECTRIC LIGHT : Its Production and Use, embodying plain
Directions for the Working of Galvanic Batteries, Electric Lamps,
and Dynamo-Electric Machines. By ]J. W. UrqQuHARrT, C.E.,
Author of *¢ Electroplating.” Edited by F. C. WEBB, M.I.C.E.,
M.S.T.E. With g4 Illustrations. Crown 8vo, 7s. 6d. cloth,

“‘ The book is by far the best that we have yet met withon the subject.”—A thenaam.
“ An important addition to the literature of the electric light. Students of the
subject should not fail to read it,"—Colliery Guardian.

Lightuing, &e.
THE ACTION of LIGHTNING, and the MEANS of DE-
FENDING LIFE AND PROPERTY FROM ITS EFFECTS.
By ARTHUR PARNELL, Major in the Corps of Royal Engineers,
12mo, 75 64. cloth.

“ Major Parnell has written an original work on a scientific subject of unusual inte-
rest ; and he has prefaced his arguments by a patient and almost exhaustive citation
of the best writers on the subject in the English language."—.A thenanme.

“ The work comprises all that is actually known on the subject.”"—ZLZand.

‘* Major Parnell's measures are based on the results of experience. A valuable
repertorre of facts and principles arranged in a scientific form."—FBuilding News.
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The Alkali Trade—Sulphuric Acid, Ge.

A MANUAL OF THE ALKALI TRADE, including the
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching
Powder. By Joun LomAs, Alkali Manufacturer, Newcastle-upon-
Tyne and London. With 232 Illustrations and Working Draw-
ings, and containing 386 pages of text. Super-royal 8vo,
2/. 125, 6d. cloth,
This work provides (1) a Complete Handbook for intending Alkali and Sulphuric
Acid Manufacturers, and for those already in the ficld whe desire to inprove their
plant, or to become practically acquainied with the latest processes and development

of the trade ; (2) a Handy Volume which Manwfacturers can put into the hands o
their Managers and Foremen as a use¢ful guide in their daily vounds of duty,

Svynorsis oF CONTENTS.

Chap. I. Choice of Site ‘and General
Plan of Works—II. Sulphuric Acid—
I1I. Recovery of the Nitrogen Com-
pounds, and Treatment of Small Pyrites
—IV. The Salt Cake Process—V. Legis-
lation upon the, Noxious Vapours Ques-

1X. Carbonating or Finishing—X. Soda
Crystals — XI. Refined Alkali — XII.
Caustic Soda — X111, Bi-carbonate of
Soda — XIV. Bleaching Powder — XV.
Utilisation of Tank Waste— X V1. General
Eemarks—Four Appendices, treating of

Yields, Sulphuric Acid Calculations, Ane-
mometers, and Foreign Legislation upon
the Noxious Vapours Question.

tion—VI. The Hargreaves' and Jones'
Processes—VII. The Balling Process—
VIII. Lixiviation and Salting Down—

““The author has given the fullest, most practical, and, to all concerned in the
alkali trade, most valuable mass of information that, to our knowledge, has been
published in any language.”"—Engineer.

“ This book i1s written by a manufacturer for manufacturers. The working details
of the most approved forms of apparatus are given, and these are accompanied by
no less than 232 wood engravings, all of which may be used for the purposes of con-
struction. Every step in the manufacture is very fully described in this manual, and
each improvement explained. Everything which tends to introduce economy into
the technical details of this trade receives the fullest attention. The book has been
produced with great completeness.”" —.A thenaien.,

** The author is not one of those clever compilers who, on short notice, will *read
up’ any conceivable subject, but a practical man in the best sense of the word. We
find here not merely a sound and luminous explanation of the chemical principles of
the trade, but a notice of numerous matters which have a most important bearing
on the successful conduct of alkali works, but which are generally overlooked by
even the most experienced technological authors. This most valuable book, which
we trust will be generally appreciated, we must pronounce a credit alike to its author
;“d. to the enterprising firm who have undertaken its publication,"—Chemical

evietw.

Chemical Analysis.

THE COMMERCIAL HANDBOOK of CHEMICAL ANA.
LYSIS ; or Practical Instructions for the determination of the In-
trinsic or Commercial Value of Substances used in Manufactures,
in Trades, and in the Arts. By A, NormMANDY, Author of ‘¢ Prac-
tical Introduction to Rose’s Chemistry,” and Editor of Rose’s
“ Treatise on Chemical Analysis.” MNew Edition. Enlarged, and
to a great extent re-written, by HENRY M. Noap, Ph. D, F.R.S.
With numerous Illustrations. Cr. 8vo, 125, 64. cloth.

*“We recommend this book to the careful perusal of every one; it may be truly
affirmed to be of universal interest, and we strongly recommend it to our readers as a
guide, alike indispensable to the housewife as to the pharmaceutical practitioner,”—
Medical Times,

** Essential to the analysts appointed under the new Act. The most recent results
are given, and the work i1s well edited and carefully written." —Nafure,
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e

Dr. Lardner's Museum of Science and Art.

THE MUSEUM OF SCIENCE AND ART. Edited by
Dionysius LARDNER, D.C. L., formerly Professor of Natural Phi-
losophy and Astronomy in University College, London. With up-
wards of 1200 Engravings on Wood. In 6 Double Volumes.
Price £1 Is., in a new and elegant cloth binding, or handsomely
bound in half morocco, 315, 64.

OPINIONS OF THE PRESS.

“ This series, besides affording popular but sound instruction on scientific subjects,
with which the humblest man in the country ought to be acquainted, also undertakes
that teaching of ‘ common things’ which every well-wisher of his kind is anxious te

romote. Many thousand copies of this serviceable publication have been printed,
in the belief and hope that the desire for instruction and improvement widely pre-
vails ; and we have no fear that such enlightened faith will meet with disappoint-
ment,"— Timees.

“ A cheap and interesting publication, alike informing and attractive. The papers
combine subjects of importance and great scientific knowledge, considerable induc-
tive powers, and a popular style of treatment,”"—Spectfator.

“The * Museum of Science and Art’ is the most valuable contribution that has
ever been made to the Scientific Instruction of every class of society.”"—Sir David
Brewster in the North British Review.

““Whether we consider the liberality and beauty of the illustrations, the charm of
the writing, or the durable interest of the matter, we must express our belief that
there is hardly to be found among the new books, one that would be welcomed by
people of so many ages and classes as a valuable present," —ZExaminer.

*.& Separate books formed from the above, suitable for Workmen's
Libraries, Science Classes, &,

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire,
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and
Watches, &ec. 233 Illustrations, cloth gilt, §s.

THE MICROSCOPE. Containing Optical Images, Magnifying
Glasses, Origin and Description of the Microscope, Microscopic
Objects, the Solar Microscope, Microscopic Drawing and Engrav-
ing, &c. 147 Tllustrations, cloth gilt, 2s,

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes,
the Crust of the Earth, ete. 2or Illustrations, cloth gilt, 2s. 6.

POPULAR PHYSICS. Containing Magnitude and Minuteness, the
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog-
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus-
trations, cloth gilt, 2s. 64.

STEAM AND ITS USES. Including the Steam Engine, the Lo-
comotive, and Steam Navigation, 89 Illustrations, cloth gilt, 2s.

POPULAR ASTRONOMY. Containing How to Observe the
Heavens, The Earth, Sun, Moon, Planets. Light, Comets,
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s. 64.

THE BEE AND WHITE ANTS: Their Manners and Habits,
With Illustrations of Animal Instinct and Intelligence. 135 Illus-
trations, cloth gilt, 25,

THE ELECTRIC TELEGRAPH POPULARISED. To render
intelligible to all who can Read, irrespective of any previous Scien-
tific Acquirements, the various forms of Telegraphy in Actual
Operation, 100 Illustrations, cloth gilt, 1s. 64,
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Dyr. Lardner's Handbooks of Natural Philosoply.

* ¥ The following five volumes, though eackh is Complete in iiself, and to be pur-
chased separately, form A CoMPLETE CoURrsSE oF NATURAL PHiLOSOPHY, and are
intended for the geneval reader who desives to attain accurate knowledge of e
varions departments of Plysical Science, withont pursuing them according fo the
more profound methods of mathematical investipation. The style is studiously
Papular. Tt has been the author's aim to supply ;%!ammn’s such as are reguired by
the Student, the Engineer, the Artisan, and the supervior classes in Schools.

THE HANDBOOK OF MECHANICS. Enlarged and almost
rewritten by BENJAMIN LoeEwy, F.R.A.S. With 378 Illustra-

tions. Post 8vo, 6s. cloth.

““The perspicuity of the original has been retained, and chapters which had
become obsclete, have been replaced by others of more modern character. The
explanations throughout are studiously popular, and care has been taken to show
the application of the various branches of physics to the industrial arts, and to
the practical business of life."-—Mining Fournal.

THE HANDBOOK of HYDROSTATICS and PNEUMATICS.
New Edition, Revised and Enlarged by BENJAMIN LOEWY,
F.R.A.S. With 236 Illustrations. Post 8vo, §s. cloth.

“ For those * who desire to attain an accurate knowledge of physical science with-

out the gmfuund methods of mathematical investigation,’ this work is not merely in-
tended, but well adapted."—Chemical News.

THE HANDBOOK OF HEAT. Edited and almost entirely
Rewritten by BENjAMIN LoEwy, F.R.A.S., etc. 117 Illustra-

tions. Post 8vo, 6s. cloth.
*“The style is always clear and precise, and conveys instruction without leaving
any cloudiness or lurking doubts behind,”"—Engineering.,

THE HANDBOOK OF OPTICS. New Edition. Edited by
T. OLVER HARDING, B.A. 298 Illustrations. Post 8vo, s cloth,

“ Written by one of the ablest English scientific writers, beautifully and elaborately
illustrated. "— Mechanics' Magazine.

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and
ACOUSTICS. New Edition. Edited by GEo. CAREY FOSTER,
B.A., F.C.S. With 400 Illustrations. Post 8vo, §s. cloth.

“ The book could not have been entrusted to any one better calculated to preserve
the terse and lucid style of Lardner, while correcting his errors and bringing up his
work to the present state of scientific knowledge.”"—Popular Science Keview.

Dy. Lardner's Handbook of A stronomy.

THE HANDBOOK OF ASTRONOMY. Forming a Com-
panion to the “ Handbooks of Natural Philosophy.” By Dionvy-
s1US LARDNER, D.C.L. Fourth Edition. Revised and Edited by
Epwin DuNkin, F.R.S., Royal Observatory, Greenwich. With
38 Plates and dpwards of 100 Woodcuts, In 1 vol., small 8vo,
550 pages, 9s. 64., cloth.

‘ Probably no other bock contains the same amount of information in so com-
pendious and well-arranged a form—certainly none at the price at which this is
offered to the public.”—.Ad ¢ierneren:.

““We can do no other than pronounce this work a most valuable manual of astro-
nomy, and we strongly recommend it to all who wish to acquire a general—but at
the same time correct—acquaintance with this sublime science.”"—Quarterdy Fournal
ol Science,

Dr. Lardner's Handbook of Animal Physics.

THE HANDBOOK OF ANIMAL PHYSICS. By Dr.
LARDNER. With 520 Illustrations. New edition, small 8vo,
cloth, 732 pages, 7s. 64.

“We have no hesitation in cordially recommending it."—Educational Times.
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;B‘r. Lardner's School Handbooks.

NATURAL PHILOSOPHY FOR SCHOOLS. By DR, LARDNER.

328 Illustrations. Sixth Edition. 1 vol. 3s. 6. cloth,
5 Cﬂq\;lys, in clear and precise terms, general notions of all the principal divisions
of Physical Science."—Brifish Quarterly Review.

ANIMAL PHYSIOLOGY FOR SCHOOLS. By DrR. LARDNER.
With 190 Illustrations. Second Edition. 1 vol. 3s. 64. cloth.

“Clearly written,well arranged, and excellently illustrated.”"—Gardeners’ Chronicle,

Dr. Larvdner's Electric Telegraph.

THE ELECTRIC TELEGRAPH. By Dr. LARDNER. New
Edition. Revised and Re-written, by E. B. BRIGHT, F.R.A.S.

140 Illustrations, Small 8vo, 2s5. 64. cloth.
“One of the most readatle books extant on the Electric Telesraph."—Eng. Mechanic.

Mollusca.

A MANUAL OF THE MOLLUSCA ; being a Treatise on
Recent and Fossil Shells. By Dr. 5. P. Woopwarp, A.L.S.
With Appendix by RALpH TATE, A.L.S,, F.G.S. With numer-
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7s. 64. cloth.

Geology and Genests.
THE TWIN RECORDS OF CREATION ; or, Geology and
Genesis, their Perfect Harmony and Wonderful Concord. By

GEORGE W. VICTOR LE VAUX. Fcap. 8vo, §s. cloth.

““ A valuable contribution to the evidences of revelation, and disposes very conclu-
sively of the arguments of those who would set God’s Works against God's Word.,
No real difficulty is shirked, and no sophistry is left unexposed."—T/ke Rock,

Science and Scripture.
SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT
ANTAGONISTIC TO IT; being a Series of Essays on—I.
Alleged Discrepancies; 2. The Theory of the Geologists and
Figure of the Earth; 3. The Mosaic Cosmogony ; 4. Miracles in
general—Views of Hume and Powell ; 5. The Miracle of Joshua—
Views of Dr. Colenso, &c. By Prof. J. R, YoUNG, Fcap. §s. cloth.

Geology.
A CLASS-BOOK OF GEOLOGY: Consisting of *‘Physical
Geology,” which sets forth the Leading Principles of the Science ;
and ‘¢ Historical Geology,” which treats of the Mineral and Organic
Conditions of the Earth at each successive epoch, especial reference
being made to the British Series of Rocks. By RALPH TATE.
With more than 250 Illustrations. Fcap. 8vo, 5s. cloth,

Practical Philosoply.
A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev,
JoHN CARR, M.A., late Fellow of Trin. Coll., Camb. 18mo, 5s. cl.

Pictures and Painters.
THE PICTURE AMATEUR'S HANDBOOK AND DIC.-
TIONARY OF PAINTERS : A Guide for Visitors to Picture
Galleries, and for Art-Students, including methods of Painting,
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting,
Copyistsand Imitators, By PHILIPPE DARYL, B, A, Cr.8vo, 3s.64.cl.
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Clocks, Watches, and Bells.

RUDIMENTARY TREATISE on CLOCKS, and WATCHES,
and BELLS, By Sir EbMUND BeckEeTT, Bart., LL.D., Q.C,,
F.R.A.S. Seventh Edition, revised and enlarged. Limp cloth
(No. 67, Weale’s Series), 4+, 64.; cl. bds. 55 6d. [ Fust published.

**The best work on the subject probably extant. The treatise on bells is un-
doubtedly the best in the language."— Engineering.
*“The only modern treatise on clock-making.” —fHorological Fournal,

The Construction of the Organ.
PRACTICAL ORGAN-BUILDING. By W. E. DIcksoN,
M. A., Precentor of Ely Cathedral. Second Edition, revised, with

Additions. 12mo, 35 cloth boards, [ Faest published,
“ In many respects the book is the best that has yet appeared on the subject. We
cordially recommend it.” —English Mechanic,
““The amateur builder will find in this book all that is necessary to enable him
personally to construct a perfect organ with his own hands."—dAcademwry.

Brewing.
A HANDBOOK FOR YOUNG BREWERS. By HERBERT

EpwArDs WRIGHT, B.A. Crown 8vo, 3s. 64. cloth.
* A thoroughly scientific treatise in popular language."—Morning Advertiser.
““ We would particularly recommend teachers of the art to place it in every pupil’s
hands, and we feel sure its perusal will be attended with advantage."— Brewer.

Dye-Wares and Colours.
THE MANUAL of COLOURS and DYE-WARES: their
Properties, Applications, Valuation, Impurities, and Sophistications,
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J.
W. SLATER. Second Edition. Re-written and Enlarged. Crown
8vo, 7s. 64. cloth, [ Fuest published.

Grammar of Colouring.
A GRAMMAR OF COLOURING, applied to Decorative
Painting and the Arts. By GEORGE FIELD. New edition. By
ELLIS A. DAVIDSON. I2mo, 35 64. cloth,

Woods and Marbles (Imitation of).
SCHOOL OF PAINTING FOR THE IMITATION OF
WOODS AND MARBLES, as Taught and Practised by A. R.
and P, VAN DER BurG. With 24 full-size Coloured Plates ; also
12 Plain Plates, comprising 154 Figures, Folio, 2/, 125. 64, bound.

The Military Sciences.
AIDE-MEMOIRE to the MILITARY SCIENCES. Framed
from Contributions of Officers and others connected with the dif-
ferent Services. Originally edited by a Committee of the Corps of
Royal Engineers, 2nd Edition, revised ; nearly 350 Engravings
and many hundred Woodcuts, 3 vols. royal 8vo, cloth, 4/. 10s,

Field Fortification.
A TREATISE on FIELD FORTIFICATION, the ATTACK
of FORTRESSES, MILITARY MINING, and RECON-
NOITRING. By Colonel I. S. MACAULAY, late Professor of
Fortification in the R. M. A., Woolwich. Sixth Edition, crown
8vo, cloth, with separate Atlas of 12 Plates, 125, complete,
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Delamotte's Works on Illumination & A lphabets.

A PRIMER OF THE ART OF ILLUMINATION ; for the
use of Beginners: with a Rudimentary Treatise on the Art, Prac-
tical Directions for its Exercise, and numerous Examples taken
from Illuminated MSS., printed in Gold and Colours, By F, DELA-
MOTTE. Small 4to, 95s. Elegantly bound, cloth antique.

* The examples of ancient MSS. recommended to the student, which, with much
good sense, the author chooses from collections accessible to all, are selected with
judgment and knowledge, as well as taste.”—.A4 theaennt.

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEAVAL ;
from the Eighth Century, with Numerals ; including Gothic,
Church-Text, German, Italian, Arabesque, Initials, Monograms,
Crosses, &c. Collected and engraved by F. DELAMOTTE, and
printed in Colours. New and Cheaper Edition. Royal 8vo,
oblong, 2s. 64. ornamental boards.

“ For those who insert enamelled sentences round gilded chalices, who blazon shop
legends over shop-doors, who letter church walls with pithy sentences from the
Decalogue, this book will be useful.”—d thenanum.

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA-
MENTAL ; including German, Old English, Saxon, Italic, Per-
spective, Greek, IHebrew, Court Hand, Engrossing, Tuscan,
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and
engraved by F, DELAMOTTE, and printed in Colours. New and
Cheaper Edition. Royal 8vo, oblong, 2s. 64. ornamental boards.

" There is comprised in it every possible shape into which the letters of the alphabet
and numerals can be formed."—S5tandard.

MEDIAVAL ALPHABETS AND INITIALS FOR ILLUMI-
NATORS. By F. DeLAMOTTE. Containing 21 Plates, and
Illuminated Title, printed in Gold and Colours. With an Intro-
duction by J. WILLIS BRoOKS. Small 4to, 6s. cloth gilt.

THE EMBROIDERER’S BOOK OF DESIGN ; containing Initials,
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias-
tical Devices, Medieval and Modern Alphabets, and National
Emblems. Collected and engraved by F. DELAMOTTE, and
printed in Colours, Oblong royal 8vo, 1. 64. ornamental wrapper.

Wood-Carving.
INSTRUCTIONS in WOOD-CARVING, for Amateurs; with
Hints on Design. By A LADY. In emblematic wrapper, hand-
somely printed, with Ten large Plates, 2s. 64.

“ The handicraft of the wood-carver, so well as a book can impart it, may be learnt
from ‘ A Lady's’ publication.”—.A ¢kenenm.

Popular Work on Painting.

PAINTING POPULARLY EXPLAINED; with Historical
Sketches of the Progress of the Art. By THOMAS JoHN GULLICK,
Painter, and Joun Timss, F.S.A. Fourth Edition, revised and
enlarged. With Frontispieceand Vignette. Insmall 8vo, 5s. 64. cloth.

* * This Work has been adopted as a Prize-book in the Schools of

Art at South Kensington.
“ Contains a large amount of original matter, agreeably conveyed.”—Builder.
“ Much may be learned, even by those who fancy they donot require to be taught,
from the careful perusal of this unpretending but comprehensivetreatise,"—A»# Fournal.
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AGRICULTURE, GARDENING, ETC.

Youatt and Burn's Complete Grazier.

THE COMPLETE GRAZIER, and FARMER'’S and CATTLE-
BREEDER’S ASSISTANT. A Compendium of Husbandry.
By WirLLiaMm Yovatrt, Esq., V.S, 12th Edition, very con-
siderably enlarged, and brought up to the present requirements of
agricultural practice. By ROBERT ScoTT BURN. One large 8vo,
volume, 860 pp. with 244 Illustrations. 1/ 1s half-bound.

** The standard and text-book, with the farmer and grazier."—Farmer’s Magazine.
““ A treatise which will remain a standard work on the subject as long as British
agriculture endures.”"—Mark Lane Express.

History, Structure, and Diseases of Sheep.
SHEEP ; THE HISTORY, STRUCTURE, ECONOMY,
AND DISEASES OF. By W. C. SrooNER, M.R.V.C,, &c.
Fourth Edition, with fine engravings, including specimens of New
and Improved Breeds. 366 pp., 4+ cloth,

Production of Meat.

MEAT PRODUCTION. A Manual for Producers, Distributors,
and Consumers of Butchers’ Meat. Being a treatisc on means of
increasing its Home Production. Also treating of the Breeding,
Rearing, Fattening, and Slaughtering of Meat-yielding Live Stock ;
Indications of the Quality, etc. By JoHN EwWART. Cr. 8vo, 5s. cloth.

*“ A compact and handy volume on the meat question, which deserves serious and
theughtful consideration at the present time."—Meaé and Provision Trades’ Review.

Donaldson and Burn's Suburban Farming.

SUBURBAN FARMING. A Treatise on the Laying Out and
Cultivation of Farms adapted to the produce of Milk, Butter and
Cheese, Eggs, Poultry, and Pigs. By the late Professor JouN
DoNavLDpsoN. With Additions, Illustrating the more Modern Prac-
tice, by R. ScorT BURN. 12mo, 4s. cloth boards.

E nglish Agriculture.

THE FIELDS OF GREAT BRITAIN. A Text-book of
Agriculture, adapted to the Syllabus of the Science and Art
Department. For Elementary and Advanced Students. By
HuGH CLEMENTS (Board of Trade). With an Introduction by
H. KAINs-JACKSON. 18mo, 2s. 6d. cloth.

*“ A clearly written description of the ordinary routine of English farm-life,”—ZLaxnd.
** A carefully written text-book of Agriculture.”"—Athenenm. [ Econoniist.
“ A most comprehensive volume, giving a mass of information."—Agricultural

Modern Farming.

OUTLINES OF MODERN FARMING. By R. Scort BURN.
Soils, Manures, and Crops—Farming and Farming Economy—
Cattle, Sheep, and Horses—Management of the Dairy, Pigs, and
Poultry—Utilisation of Town Sewage, Irrigation, &c. New Edition.

In 1 vol. 1250 pp., half-bound, profusely illustrated, 125,

“There is sufficient stated within the limits of this treatise to prevent a farmer
from going far wrong in any of his operations.” dserver,
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The Management of Estales.

LANDED ESTATES MANAGEMENT : Treating of the
Varieties of Lands, Methods of Farming, Farm Building, Irrigation,

Drainage, &c. By R. ScorT BURN. 12mo, 3+ cloth.
‘*“A complete and comprehensive outline of the duties appertaining to the manage-
ment of landed estates." —Fournal of Forestry.

1 lie Management of Farms.
OUTLINES OF FARM MANAGEMENT, and the Organiza-
tion of Farm Labour. Treating of the General Work of the Farm,
Field, and Live Stock, Details of Contract Work, Specialties of
Labour, Economical Management of the Farmhouse and Cottage,
Domestic Animals, &c. By ROBERT ScorT BURN. I2mo, 3s.

Management of Estates and Farms.

LANDED ESTATES AND FARM MANAGEMENT. By
R. Scort BURN. (The above Two Works in One Vol.) 6.

Hudson's Tables for Land Valuers.

THE LAND VALUER'S BEST ASSISTANT : being Tables,
on a very much improved Plan, for Calculating the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial
Customary Acres to Statute Measure, &e. By R. Hubpson, C.E,
New Edition, royal 32mo, leather, gilt edges, elastic band, 4s.

Fwart's Land Improver's Pocket-Book.

THE LAND IMPROVER’S POCKET-BOOK OF FOR-
MULA, TABLES, and MEMORANDA, required in any Com-
putation relating to the Permanent Improvement of Landed Pro-
perty. By JouN EwART, Land Surveyor. 32mo, leather, 4s.

Complete Agricultural Surveyor’s Pocket-Book.

THE LAND VALUER’'S AND LAND IMPROVER’S COM-
PLETE POCKET-BOOK ; consisting of the above two works
bound together, leather, gilt edges, with strap, 7s. 6d.

“*We consider Hudson’s book to be the best ready-reckoner on matters relating to
the valuation of land and crops we have ever seen, and its combination with Mr,
Ewart’s work gl'n:atl:,r enhances the value and usefulness of the latter-mentioned.—
It is most useful as a manual for reference.”"—North of England Farmer.

Grafting and Budding.
THE ART OF GRAFTING AND BUDDING. By CHARLES

BALTET. Translated from the French. With upwards of 180
Illustrations, 12mo, 3s. cloth boards. [Feest published.

Culture of Frruit Tyees.

FRUIT TREES, the Scientific and Profitable Culture of In-
cluding Choice of Trees, Planting, Grafting, Training, Restoration
of Unfruitful Trees, &c. From the French of Du BREUIL. Third

Edition, revised. With an Introduction by GEORGE GLENNY. 4s,cl.
* The book teaches how to prune and train fruit-trees to perfection.”— Field.

Potato Culture.

POTATOES, HOW TO GROW AND SHOW THEM: A
Practical Guide to the Cultivation and General Treatment of the
Potato. By JAMEs PINK. With Illustrations, Cr, 8vo, 2s cl
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Good Gardening.
A PLAIN GUIDE TO GOOD GARDENING; or, How to
Grow Vegetables, Fruits, and Flowers. With Practical Notes on
Soils, Manures, Seeds, Planting, Laying-out of Gardens and
Grounds, &c. By S. Woopn. Third Edition. Cr. 8vo, 5s. cloth.

“A very good book, and one to be highly recommended as a practical guide.
The practical directions are excellent,”—. theranem.

Gainful Gardening.
MULTUM-IN-PARVO GARDENING; or, How to make One
Acre of Land produce £620 a year, by the Cultivation of Fruits
and Vegetables ; also, How to Grow Flowers in Three Glass
Houses, so as torealise £176 per annum clear Profit. By SAMUEL

Woobn. 3rd Edition, revised. Cr. 8vo, 2s. cloth.
““ We are bound to recommend it as not only suited to the case of the amateur ani
gentleman’s gardener, but to the market grower,"—Gardener’'s Magazine.

Gardening for Ladies.

THE LADIES’ MULTUM-IN-PARVO FLOWER GARDEN,
and Amateur’s Complete Guide. By S. Woob. Cr. 8vo, 3s. 64.

Bulb Culture.

. THE BULB GARDEN, or, How to Cultivate Bulbous and
Tuberous-rocted Flowering Plants to Perfection. By SAMUEL
Woobn., Coloured Plates. Crown 8vo, 3s. 6d. cloth.

Zree Planting.
THE TREE PLANTER AND PLANT PROPAGATOR:
A Practical Manual on the Propagation of Forest Trees, Fruit
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c.
Numerous Illustrations. DBy SAMUEL WooD. I12mo, 25 64. cloth,
Lree Pruning. :
THE TREE PRUNER: A Practical Manual on the Pruning of
Fruit Trees, their Training and Renovation ; also the Pruning of
Shrubs, Climbers, &c. By 5. WooD. 12mo, 25. 64. cloth.

Tree Planting, Pruning, & Plant Propagation.
THE TREE PLANTER, PROPAGATOR, AND PRUNER.
By SAMUEL Woob, Author of ¢ Good Gardening,” &c. Consisting
of the above Two Works in One Vol., 55 half-bound.

LEarly Fruits, Flowers and Vegelables.
THE FORCING GARDEN : or, How to Grow Early Fruits,
Flowers, and Vegetables. With Plans and Estimates for Building
Glasshouses, Pits, Frames, &c. By S. Woon, Crown 8vo, 3s. 64,

Market Gardening, Etc.
THE KITCHEN AND MARKET GARDEN. By Con-
tributors to *‘ The Garden.” Compiled by C. W. SuAw, Editor
of * Gardening Illustrated.” 12mo, 3s. 64. cl. bds. [Fust published,

Kitchen Gardening.

KITCHEN GARDENING MADE EASY. Showing how to
prepare and lay out the ground, the best means of cultivating every
known Vegetable and Herb, etc, By G, M. F. GLENNY, I2mo, 2s.
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‘A Complete Epitome of the Laws of this Country.’

EVERY MAN’'S OWN LAWYER ; a Handy-Book of the Prin-
ciples of Law and Equity., By A BARRISTER. New Edition.
Corrected to the end of last Session. Embracing upwards of
3,500 Statements on Points of Law, Verified by the addition of
Notes and References to the Authorities. Crown 8vo, cloth,
price 65, 84. (saved at every consultation),

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE

AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT

LAW, GAME AND FISHERY LA"L".-'S,
BankrUPTCY—BILLS oF EXCHANGE—
CouTrACTS AND AcREEMENTS—COPY-
rRIGHT—DowER AND Divorce—ELEC-
TIONS AND REGISTRATION—INSURANCE
—LIBEL AND SLANDER—MORTGAGES—

Also Law for Landlord and Tenant—

Master and Servant—Workmen and Ap- |

prentices—Heirs, Devisees, and Lega-
tees — Husband and Wife — Executors

and Trustees — Guardian and Ward — |

Married Women and Infants—Partners
and Agents — Lender and Borrower —
Debtor and Creditor — Purchaser and

POOR MEN'S LAW, THE LAWS OF
SETTLEMENTS— STOoCK EXCHANGE PRAC-
TICE—TRADE MARKS AND PATENTS—
TreESPASS, NUISANCES, ETC.—TRANSFER
oF LAND, ETC. —WARRANTY— WILLS
AND AGREEMENTS, ETC.

—Friendly Societies—Clergymen, Church-
wardens—Medical Practitioners, &c. —
Bankers — Farmers — Contractors—Stock
and Share Brokers—Sportsmen and Game-
keepers—Farriers and Horse-Dealers—
Auctioneers, House-Agents—Innkeepers,
&c.— Pawnbrokers — Surveyors — E.a.il«
ways and Carriers, &c., &c.

Vendor — Companies and Associations

‘ No Englishman ought to be without this book.”—Enginecer.

“ What it professes to be—a complete epitome of the laws of this country, thoroughly
intelligible to non-professional readers. The book is a handy one to have in readiness
when some knotty point requires ready solution."—Bell's Life.

“ A useful and concise epitome of the law."—Law Magazine.

Auctioneer’'s Assistant.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE
AND ESTATE AGENT, AND VALUER’S POCKET AS-
SISTANT, for the Valuation for Purchase, Sale, or Renewal of
Leases, Annuities, and Reversions, and of property generally;
with Prices for Inventories, &c. By JoHN WHEELER, Valuer, &c.
Fourth Edition, enlarged, by C. NorRr1s. Royal 32mo, cloth, 5.

“ A concise book of reference, containing a clearly-arranged list of prices for
inventories, a practical guide to determine the value of furniture, &c."—Standard.

Auctioneering.

AUCTIONEERS : THEIR DUTIES AND LIABILITIES.

By ROBERT SQUIBBS, Auctioneer. Demy 8vo, 10s. 6d. cloth.
it Every auctioneer and valuer cught to possess a copy of this valuable work.”"—

House Property. | Ironmonger.

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac-
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory
Sale of Houses and Land ; including the Law of Dilapidations and
Fixtures, &c. By E. L. TARBUCK. 2nd Edit. 12mo, 3+ 64. cloth.

iWe are glad to be able to recommend it.”"—Builder.,
“ The advice is thoroughly practical.”—Law Fournal.

Melropolitan Rating.

METROPOLITAN RATING: a Summary of the Appeals
heard before the Court of General Assessment Sessions at West-
minster, in the years 1871-80 inclusive. Containing a large mass
of very valuable information with respect to the Rating of Rail-
ways, Gas and Waterworks, Tramways, Wharves, Public ITouses
&c, Py EpwaRrD and A. L. RYDE. 8vo, 12s. 64,
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5(,& THE TIMBER IMPORTERS, TIMBER MER- 9%

E,‘% CHANT'S, AND BUILDER'S STANDARD GUIDE : com- ?#;iﬁ
Eax prising copious and valuable Memoranda for the Use of the E—E’t
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e Retailer and Builder. By Ricuarp E. Graxpy. Second Edition, ¢ %A
:f)f% revised. 3s.; cloth boards, 3s. 6d. ’ %—}%i
WSt THE ACOUSTICS OF PUBLIC BUILDINGS, a 1¥.3
;3’:‘} Rudimentary Treatise on; or, the Principles of the Science of ]
232  Sound applied to the purposes of the Architect and Builder. %
IE(& By T. Rocer Smity, M.R.L.B.A., Architect. Illustrated. 1s. 6d. E*l%(
Hoka CARPENTRY AND JOINERY, Elementary Prin- 1 )g:*é
L& ciples of, deduced from the Works of the late Profussor Rosison,

:}’*80 and Tuomas Trepcorp, C.E. Illustrated. New Edition, witha ¢’ )i
%rii Treatise on Joinery by 8. Wyxpuaum Tarx, M.A. 3s. 6d.; cloth %,%:
551t boards, 4s. 23X
%l CARPENTRY AND JOINERY. Aflas of 85 Plates 3375

SO A
L

to accompany and illustrate the foregoing book. 4to, 6s.; cloth
boards, 7s. 6d.

CONSTRUCTION OF ROOFS OF WOOD AND ¥

[
IRON (an Elementary Treatise), chiefly deduced from the %’ﬁt
Worke of Robison, Tredgold, and Humber. DBy E. 'WyNDHAM &%{)f
Tanrx, M.A., Architect. 1s. 6d.
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?:‘f’ QUANTITIES AND MEASUREMENTS in Brick- ﬁﬁ
:u:"} layers’, Masons', Plasterers’, Plumbers’, Painters’, Paper- T

. hangers’, Gilders’, Smiths’, Carpenters’, and Joiners’ work. With ggﬁ

Rules for Abstracting and Hints for Preparing a Bill of 3o
Quantities, &c. By A. C. Beaton, Surveyor. 1Is. 6d. 1 E}E
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PRICE BOOK for 1883, With additional Matfer and Prices.

e, Revised to the present time. Edited by Fraxeis T. W. MitLer, 5izo
Bt e seii . half-bound, 4s. YR

ARCHITECTURAL MODELLING IN PAPER, the 5’,25
Art of. By T. A. RicHarpson, Architect. Plates. 1s. 6d. ?j%{..-«.

VITRUVIUS® ARCHITECTURE. Translated from the ‘c\:af
Latin by Josepu Gwirr, F.S.A., F.R.A.8. Plates. 3Js.

GRECIAN ARCHITECTURE, an Inquiry into the %7

Principles of Beauty in. By the EARL oF ABERDEEN. ls. 2
* ¥ With © Vitruvius,” tn one vol., half-bound, Gs. ‘{‘f‘ﬁ
DWELLING-HOUSES, a Rudimentary Treatise on ¥7
'§ the Erection of, illustrated by a Perspective View, Plans, Eleva- %2:%
tions, and Sections of a pair of semi-detached Villas, with the 369
E3 Specification, Quantities, and Estimates. By S. H. Brooxs, [T
D Architect. New Edition, with Additions. Plates. 2s. 6d.;

,??Ec% cloth boards, 3s. %I?‘:ﬁ
g3 MATHEMATICAT, INSTRUMENTS. a Treatise on; %3
'ﬁ% in which their Construction, and the Methods of Testing, Ad- %ﬂﬁ
E}? justing, and Using them, are concisely explained. By J. F.

-‘;-?-’-& Hearner, M.A, Iilustrated. 1s. 6d. &&)ﬁ
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A SELECTION FROM WEALE'S SERIES.

MECHANICAL ENGINEERING, &c.
MATERIALS AND CONSTRUCTION : a Theoretical

and Practical Treatise on the Strains, Designing, and Erection
of Works of Construction. By Fnrawxcis Camrin, C.E. 3s.;
cloth boards, 3s. Gd.

THE BOILERMAKERS' ASSISTANT, in Drawing °

Templating, and Calculating Boiler and Tank Work. By
Joux CourrNey, Practical Boilermaker. Revised and Edifed
by D. Kixnear Crarx, M.L.C.E, 2s,

THE CONSTRUCTION OF GAS WORKS, and the
Manufacture and Distribution of Coal Gas. Originally written
by SamverL Hueues, C E. Sixth Edition, re-written and much
Enlarged by WirLram Ricuarps, C.E. 4s. 6d.; cloth bds., 5s.

FUFEL, its Combustion and Economy. By C.W.WiLLiams,
A.I.C.E. With extensive additions on Recent Practice in the
Combustion and Economy of I'uel—Coal, Coke, Wood, Deat,
Petroleum, &e., by D. Kixvear Crark, M.I.C.I5. 3s. 6d.; cloth
boards, 4s.

MECHANICS, Rudimentary Treatise on. DBy C. Tou-
rixsoN. Illustrated. 1s. Gd.

STEAM AND THE STEAM FENGINE, Siﬂ,tinnar}'
and Portable, an Elementary Treatise on; being an Extension

of Mr. Joux Sewerr's “ Treatise on Steam.” By D. KiNnNear
Craux, M.I.C.E. 3s. 6d.; cloth boards, 4s.

THE STEAM ENGINE. By Dr. Laroxer. 1s. 6d.

THE STEAM ENGINE, a Treatise on the Mathe-
matical Theory of. By T. Baxer, C.E. Illustrated. 1s. 6d.

STEAM BOILERS: their Construction and Manage-
ment. By R. ArmstrRoNg, C.E. Illustrated. 1s. 6d.

MECHANISM, the Elements of ; elucidating the Scien-
tific Principles of the Practical Construction of Machines. With
Specimens of Modern Machines, by T. Baxer, C.E. ; and Remarks
on Tools, &e.,by J. Nasuyru, C.E. Plates. 2s. 6d. ; cloth boards, 3s.

MODERN WORKSHOP PRACTICE as applied to
Marine, Land, and Locomotive Engines, Floating Docks, Bridges,
Cranes, Ship-building, &c. By J. G. WinTtoxn. 3s.;cl. bds., 3s.6d.

THE WORKMAN'S MANUAL OF ENGINEERING

DRAWING. By Joux Maxron. Fourth Edition. Illustrated
with 7 plates and nearly 350 woodcuts. 3s. 6d.; cloth boards, 4=,

PRACTICAL ORGAN BUILDING. By W.E. Dick-
soN, M.A., Precentor of Ely Cathedral. Second Edition, revised,
with a new Chapter on Village Church Organs. Illustrated.
2s. 6d.; cloth boards, 3s.

CROSBY LOCKWO00D & CO., 7, STATIONERS’' HALL COURT, E.C.
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