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PREFACE TO THE SECOND EDITION.

My reason for venturing to add a new work on
Chemistry to the many excellent productions which
previously existed, was because there seemed to be a
deficiency in the particular kind of instruction which
it was my intention to convey. In the execution of
my task I endeavoured to make every other point sub-
ordinate to the one of embodying a mass of useful in-
formation on the practice of Experimental Chemistry.
Being intended especially as a book of instruction,
no attempts were made to render it pleasing, other-
wise than by rendering it effectual ; for I concluded
that, if the work taught clearly what it was intended
to inculcate, the high interest always belonging to a
well made or successful experiment would be abun-
dantly sufficient to give it all the requisite charms,
and more than enough to make it valuable in the
eycs of those for whom it was designed.

It may well be supposed that the confirmation of
my opinion by the necessity of a second Edition of
the work affords me no slight pleasure, and I feel,
even more than I did at first, the propriety of the
view which I had taken of the character of the in-
struction required. -

In the present edition I have made many correc-
b 2



viil FREFACE TO THE SECOND EDITION.

tions and alterations, without enlarging the book ;
for although I have always felt that much valuable
instruction in- Manipulation had been omitted, yet
deeming the utility of the work to deépend greatly
on its limitation to a moderate size, I found it im-
possible to introduce any additional matter without
displacing that which was more important ; nor do I
anticipate that I shall incur blame by withholding that
which has not been tried, and, in my own judgment,
is of less moment than that which experience has
proved to be useful and desirable.

M. FARADAY.
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CHEMICAL MANIPULATION.

INTRODUCTION.

CHEMISTRY is necessarily an experimental science; its conclu-
slons are drawn from data, and its principles supported by
evidence derived from facts. A constant appeal to facts, there-
fore, is necessary ; and yet so small, comparatively, is the num-
ber of these presented to us spontaneously by Nature, that were
we to bound our knowledge by them, it would extend but to
a very small distance, and in that limited state be exceed-
ingly uncertain in its nature. To supply the deficiency, new
facts have been created by experiment, the contrivance and
hand of the philosopher having been employed in their produc-
tion and variation. In reference to the varieties of inert
matter, their possible forms, states, and properties, and the
powers which influence them, Chemistry, if occupied only in
the observation of such phenomena as are presented by Nature,
would do little more than record the quiescent state of things,
which has followed the active exertion of the inherent powers
of matter; and the chemist would have but little opportunity
of observing substances in their energetic state, or of witnessing
the exertion of the powers inherent in them. Even when such
appearances might naturally be presented, either their vast-
ness, their complication, or their rarity, would in many cases
prevent the deduction of correct conclusions.

If it were our object to learn as much as possible of the
nature of a substance taken at random from the surface of the
earth, how slight would be the amount of information derived
from a consideration of it in its natural state ;—we should be

B



2 INTRODUCTION.

able to decide, perhaps, that the air did not affect it; that light
did not sensibly injure it; that the rain or dews did not dis-
solve it ; that the difference between summer and winter did
not apparently alter it; that the ground beneath was not
affected by it; and perhaps some other points respecting its
nature might be ascertained : but what are these compared to
the knowledge gained by submitting it to a high temperature,
either alone or in contact with different substances; by sub-
jecting it to the action of other bodies as solvents under pecu-
liar circumstances, and operating upon it in the numberless
ways which art and experience may dictate to us? Unaltered
as 1t appeared before, it may now change its form, yield new
substances and enter into new combinations, and, instead of
being an inert lump, may prove an active and powerful agent
in many of the purposes of civilized life. Hence the im-
portance of multiplying facts by every possible means, whilst
engaged in these pursuits ; and hence Chemistry is necessarily
an experimental science.

Great, therefore, are the advantages which result from ex-
periment ; nor is the case at all exaggerated, for in Chemistry it
may safely be stated that more than nine-tenths of the facts
upon which the science is founded are evolved by artificial
means. Without, indeed, the great body of truth thus fur-
nished, the science could not have existed: for though not
exclusively, it is pre-eminently experimental; being in this
respect strikingly distinguished from Astronomy, Botany,
Zoology, and other sciences, which have regard to appear-
ances and phenomena presented by Nature. From this cir-
cumstance it derives many of its peculiar charms,

These considerations are’ abundantly sufficient to show the
intrinsic importance of experiments; and when to .them are
added those which arise from the great extent and dominion of
the science itself over the powers and properties of all matter,
and its influence in administering to the wants, comforts, and
pleasures of life, little need be urged in extenuation of an
attempt to facilitate, to students in Chemistry, the acquirement
of the art of making experiments,

Experiment has two principal objects—the proof or demon-
stration, and the extension of our present knowledge; in both



INTRODUCTION, 3

of which it is essentially necessary to the progress of chemical
discovery. When an experiment has been devised, its general
nature and principles arranged in the mind, and the causes to
be brought into action, with the effect to be expected, properly
considered, then it has to be performed. The ultimate objects
of an experiment, and also the particular contrivance or mode
by which the results are to be produced, being mental, there
remains the mere performance of it, which may properly
enough be expressed by the term manipulation.

Notwithstanding this subordinate character of manipulation,
it is yet of high importance in an experimental science, and
particularly in Chemistry. The person who could devise
only, without knowing how to perform, would not be able to
extend his knowledge far, or make it useful ; and where every
doubt or question that arises in the mind is best answered by
the result of an experiment, whatever enables the philosopher
to perform the experiment in the simplest, quickest, and most
correct manner, cannot but be esteemed by him as of the
utmost value. It is, indeed, to him like the external senses to
the mind—a channel of information by which things before
unperceived are made known, and like them it has its con-
tinual use.

There are many experiments, and even whole trains of
research, which are essentially dependent for success on mere
manipulation ; such, for instance, are various analytical pro-
cesses, in which the principles of the process and the modes
of detecting and separating the substances being well known,
the accuracy with which they are successively separated, and
their quantities correctly ascertained, depends entirely upon
manipulation. Such is the case in most of the analyses of
ordinary siliceous, calcareous, or aluminous stones: such is
also the case in the analysis of organic substances by any of
the processes recommended in chemical works: it is the
same with the manufacture of many chemical preparations;
and the separation of four or five gases, a problem of frequent
oceurrence, is to the chemist who has made but moderate
progress even in his studies, a matter entirely of manipulation.

By accurate and ready manipulation, therefore, an advan-
tage is gained independent of that belonging to the knowledge

B2



4 INTRODUCTION,

of the principles of the science; and this is so considerable,
that of two persons having otherwise equal talents and infor-
mation, the one who manipulates best will very soon be in
advance of the other ; for the one may obtain satisfactory con-
clusions from his experimental inquiries, while the other is left
in doubt or led astray by his imperfect and incorrect results.
This advantage may be illustrated by the use of the tinder
syringe, a small instrument consisting of a cylinder about half
an inch in diameter, and three or four inches in length, closed
at one end and fitted with a piston, to the extremity of which
a piece of amadou is fastened: by forcing the piston down
and compressing the air suddenly, so much heat is evolved
as to fire the tinder. Some persons cannot perform this
simple experiment, whatever may be the strength or alert-
ness which they endeavour to bring into action; whilst others,
with a very slight force and the mere approach of their hands
towards each other in the air, will in every instance obtain
the effect desired, and produce the required ignition. Were
this a new experiment to the persons making it, the object
being to prove whether air when highly compressed gives out
much heat or not,—the first person would either come to a
wrong conclusion, or, if he doubted the success of his experi-
ment, would arrive at none at all, whilst the second would be
enabled to form a correct and affirmative decision, and thus
would have added an important fact to his previous knowledge.

In other cases where the appearances may be such that we
have no method of anticipating, or, when produced, of cor-
recting them, as in the habitudes of an unknown substance
or its action upon other bodies, then careful manipulation is
of the utmost importance: without it the appearances pro-
duced may arise or be modified by extraneous substances
present, or by other causes overlooked; and the conclusions
may be erroneous at the time when it is most important they
should be correct, because the subject is new, and because
from its novelty but a small proportion of previous knowledge
will bear upon the point and help to correct the error. Nor
is the tyro alone thus liable to be misguided ; for it would not
be difficult to point out instances where the most acute minds
have in this way been led to false conclusions,
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Another consequence of skilful manipulation is, that by its
means a train of research may frequently be carried much
farther than its original object; and that in two ways. In
the first place, the occurrence of clear and distinct phenomena,
besides proving satisfactorily the direct object of inquiry, fre-
quently suggests to the mind collateral views which, pursued
and extended, terminate in additional chains of information
and discovery ; whereas, if the experiments be less clear, though
sufficient may be distinguished to satisfy the mind on the sub-
ject in question, nothing more is done, and no new object or
view arises. In the second place the operations may be per-
formed on comparatively very minute quantities; and that
which in the hands of one person had hardly sufficed to supply |
very general information of its nature, may in those of another
be made to yield matter for a full and minute investigation,
terminating in the development of its nature and habits, with
a perfection equal to that obtained with the largest masses.
Frequent illustrations of the importance of manipulation in
thus effecting all that can be desired with small quantities, is
afforded in the occasions that arise juridically in testing for
arsenic; for the fractions of a single grain will in the hands
of some persons afford the most striking and convincing proofs,
whilst many grains will with others present no satisfactory
conclusion.

‘When the substance under examination is rare (and that is
frequently the case both in natural and artificial productions),
the facility of werking with small quantities is of the highest
importance, as otherwise the opportunity of gaining informa-
tion may be entirely lost, or if preserved is retained only at a
great expense. There existed in the British Museum a small
fragment of a black stone, the source and history of which
were unknown ; it was unique, no other specimen being in the
Museum or known to be in existence; yet as it presented
some peculiar characters, Mr. Hatchett was induced to examine
it, and, working with a portion of the stone weighing not
more than 200 grains, he was enabled to discover in it a new
metal, which he distinguished by its various characters from
all those previously known, and which he named Columbium.
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Ekeberg afterwards discovered a metal which he named Tan-
talium, conceiving it to have been observed and distinguished
for the first time by himself; but Dr. Wollaston, who examined
it and compared it with Columbium, was able to identify it
with that metal, although he had not more than five grains of
the stone from the British Museum upon which to make his
experiments.

Finally, habits of correct and delicate manipulation very
much facilitate experimental inquiries at all times. It is not
in difficult researches only that it is desirable, but even in such
common operations as testing for lime, or iron, or sulphuric
acid, its advantages become manifest; for either time is
shortened, or the apparatus considered as necessary is dimi-
nished, or effectual substitution is made for those that may be
wanting ; and thus the experiment becomes easy, where other-
wise it would be considered impossible. Besides facilitating
such inquiries, it also diminishes the expense both in materials
and apparatus, and it produces beneficial habits in the mind
by exercising it both in invention and perception, even in this
subordinate part of its operations. ¢ Nothing,” as Dr. John-
son observes, ¢“is to be considered as a trifle by which the
mind is inured to caution, foresight, and circumspection. The
same skill, and often the same degree of skill, is exerted in
great and little things.”

The importance of instruction in manipulation has long
been felt by the author during his experience in'the Royal
Institution of Great Britain ; and the deficiency in the means
of teaching it induced him to think he might perform an
acceptable service by putting together such information on
the subject as there was reason to suppose would be generally
useful to the student. No book contains those minute direc-
tions which are necessary in the present extensively cultivated
state of the science ; nor can verbal instruction teach that per-
fection of manipulation which is only to be gained by constant
operation. But there is so much that can be taught, so much
that can be suggested by such instruction, that it seems extra-
ordinary not one of the many treatises upon Chemistry has
‘been aevoted to this subject, especially when it is considered
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that, of the great numbers who now desire, or are assumed, to
have some knowledge of Chemistry, very few have access to
competent practical sources. :

Such are the considerations which have given rise to the
present work, and under their influence it has been composed.
The object of the volume is to facilitate to the young chemist
the acquirement of manipulation, and, by consequence, his
progress in the science itself. It does not attempt to inculcate
the principles of the science, but the practice ; neither does it
claim to teach a habit of reasoning, but has solely in view the
art of experimenting ; and though sometimes it may be neces-
sary to speak of the properties of bodies, or to draw conclusions,
it will always be done in subordination to the main object.
The volume, indeed, is not intended to supply the place, or
imitate in its nature any one of the numerous and useful works
on Chemistry now extant, but to be rather an accompaniment
to all of them, supplying that portion of knowledge which,
however essential to the pupil, was not of a nature to consort
with their more scientific contents.

In the pursuit of this object it is intended to describe—

The conveniences and requisites of a Laboratory.
General Chemical Apparatus and its uses.

The methods of performing Chemical Operations.
The facilities acquired by Practice; and

The causes which make Experiments fail or succeed.

Although a laboratory will be described in a comvlete state,
well appointed, and with all the conveniences that tae author
is acquainted with, yet it is intended that the directions shall
be such as to enable the experimenter to perform the opera-
tions, when desirable, with the smallest numoer of requisitess;
for though many may wish to be made acquainted with all
that is useful, yet to a much larger number of persons a know-
ledge of the few essentials is of the greatest consequence. To
omit the description of a complete laboratory, in a work devoted
to chemical experiment, would of course be improper; but it
would certainly be a much greater error to omit showing,
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as far as the author’s knowledge will serve him, how many
things may be dispensed with in cases of necessity, and how
few are the absolute requisites for the greater number of opera-
tions. The general principles upon which apparatus is formed
will be inculcated, for the purpose of leading the student to
the ready substitution of one thing for another, and to that
contrivance by which the wants of the operator may be ob-
viated ; and therefore small, temporary, and generally useful
apparatus will be pointed out as often as possible.

It is not intended to describe processes particularly, such as
the preparation of each of the acids, or of the alkalies, or of
other important substances; or such as are numerous in the
chemical arts, though reference to them will probably be
frequent. The work is intended principally to assist in ob-
taining a knowledge of the chemistry of research, and not the
chemistry of the arts, or rather, not of the ultimate and refined
processes of chemical preparations; otherwise than as, the
principles being the same, the instruction which is advan-
tageous in the one case will be useful in the other. The book
is principally for beginners; but this will not induce the author
to reject as improper any information he may have to give
relative to the facilities of making experiments, though they
may relate to the production of refined and abstruse results.
Lastly, it may be remarked, that it is intended for a country
where most of the requisites are supplied in trade.

Professedly disclaiming a scientific character, the arrange-
ment of the volume is one of mere convenience, but it has not
been adopted without considerable thought. As the work was
not intended to teach the principles of Chemistry, but to be
a useful laboratory companion, that arrangement was consi-
dered as best, which, though not scientific, seems most con-
venient for including the different parts of manipulation,
without any great violence to the relation of the whole subject.
It has therefore been divided into sections, or principal divi-
sions: but the professed object of each has not always been
strictly adhered to, since it has often been found convenient and
useful to include information on other points, which nevertheless
have always some degree of connexion with the subject under
consideration, Those who may read the work for instruction
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will probably not find many difficulties in the arrangement,
particularly as they will be aided by a copious index.

Such are the objects of the present book, and the means by
which their attainment has been attempted. That it is faulty,
the author has no doubt; indeed, he is thoroughly convinced
it cannot be otherwise. It contains little more than a selection
from the experimental practices and methods of one person;
and though in the more ordinary operations of Chemistry the
author’s may resemble those of most other chemists, and there-
fore be well adapted for general adoption, yet in those peculiar
facilities that others may by practice have attained, it must
necessarily be imperfect. Acquisitions of this kind made by
any chemist must be in relation to his particular trains of
research ; and as there are but few who possess the power of
ranging through the whole of this extensive science, it cannot
be expected that many should have perfect knowledge of
the facilities belonging to all departments of experimental
Chemistry. The author has been anxious that omissions of
importance should be as few as possible.

Finally, he has to observe, with reference to the pupil’s
expectations in consulting this book, that even supposing it
were perfect, it could only point out the methods for him to
practise ; and therefore, though aided by the principles of ‘the
science detailed in other works, and the experimental directions
in the present volume, he must still perfect his knowledge by
study and the labours of his own hands.







SecTION 1.
THE LABORATORY.

1. As the Laboratory is a spot where every chemist will pass
a great portion of his time, it is natural that its arrangement
and furniture should at first claim much of his attention ; for,
being the place peculiarly fitted up for_the performance of
chemical experiments, fitness for that purpose must have ma-
terial influence over the facilities required for those practical
exercises, which by their results are so important in the for-
mation and correction of his opinions.

It is, however, very curious, and at the same time instructive,
to remark the different views taken by chemists as to the
essentials and requisites of a laboratory. Some will not think
it approaches to perfection unless it consists of a large room on
the ground floor, well stocked with tables, cupboards, furnaces,
and various other et ceeteras ; and having in connexion with it
a second room, dry, comfortable, and fit for the reception of
the balance, air-pump, and similar apparatus; and a third
apartment, which however may be a kitchen or even a cellar,
intended to contain moveable furnaces, bricks, tiles, sand, and
the numerous rough materials which are now and then re-
quired: whilst others will be satisfied with a small cupboard,
and think that sufficient to contain all that is required for their
operations. Much of this variety of opinion depends upon
the difference in the pursuits of the persons. He who studies
chemistry by microscopical experiments, testing the qualities
rather than ascertaining the quantities of matter, may find a
cupboard abundantly sufficient for his operations, or may even
pack all his requisites on a tray; whilst the person who is
engaged in metallurgical processes, in extensive experiments
on gaseous matter, or in the applications of chemistry to the
arts, will find a laboratory essential to his progress. Part of
the difference in opinion is founded, however, on mere matter
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of taste and inclination; and those who love the science, and are
in circumstances to pursue it liberally, will probably never
think a damp kitchen or a small attic sufficient for their purpose.
It was in a spirit of this kind that the late Dr. Marcet, when
he purchased a house on the banks of the lake of Geneva,
which unfortunately he did not live long to occupy, appropri-
ated one of the best rooms in it to the purposes of a laboratory,
not knowing, as he himself said, why he should not do what
he could to make that a pleasant place where he found so much
pleasure.

2. When the laboratory is attached to a public institution,
where it is devoted to the progress and teaching of the science,
and where it is intended to facilitate the researches of two or
three persons at the same time, it must necessarily be of large
size, possessing the accompaniments of an apparatus and a
store-room, and all the facilities which have been found useful
in variety of research, and in extensive operations.

3. Hence it may be observed, that in various circumstances,
the place may be either large, of a moderate size, or small, and
yet not in the first case exceed, or in the last fall short of what
is required. In a volume like the present it will be proper
that a good and convenient laboratory should be described,
with all its requisites and accompaniments, the whole being
adapted according to the convenience of the person who may
for the first time be forming his chemical establishment.

4. If equally convenient, it is generally better that the room
to be converted into or built for a laboratory should be on
the ground or basement floor, as water is then easily laid on,
the foul water from the sink can be readily conveyed away,
and coal, carboys, and other dusty and heavy articles more
conveniently carried into it. The size, as has been before
intimated, may vary very much; but a room of from 20 to 24
feet by 16 or 18 feet, will well answer the purpose. Where,
however, it is otherwise unimportant, the size of a laboratory
intended to be actively used should be as large as possible,
otherwise, when chemical apparatus accumulates, and several
sets of experiments are in progress at once, it may be found
that confusion and error arise solely from the want of room.

5. If the place is to be built for the purpose, then no diffi-
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culty will arise in the construction and arrangement of the
flues and lights; which, though of great importance, cannot
usually be introduced or altered easily in a room already
finished. Where the opportunity occurs, the place should be
furnished with several flues, and an advantage is gained if their
terminations in the room are separated a little distance from
each other. Sometimes it is easy to spread these over one side
or wall of the room, the stack in which they unite being carried
up immediately in their neighbourhood.  One flue is essentially
necessary for the draught of that furnace which will be lighted
daily for ordinary operations, and the ventilation and warming
of the place. Ancther is in many cases essentially requisite
for the construction of a wind furnace; another or two are
desirable to serve as vents for the conveyance of fumes, or
occasionally to be connected with moveable furnaces. The
lower extremity of each is gencrally best terminated by a stone
in the wall having a round aperture : when out of use, this is to
be closed by a stopper; when in service, the stopper is to be
withdrawn, and the flue continued by a piece of funnel-pipe
fitted loosely into the hole ; the pipe being continued to the
furnace in operation, or otherwise terminated, according to the
use to which the flue is to be put. All of them should have
dampers, that perfect government of the draught may be
obtained. If but one flue can be had, it must be turned to
account in the best way possible, either by making it divide
and terminate below in two or three places, using brickwork
or funnel-pipe for this purpose, as may be convenient; or by
supplying the place of furnaces and apparatus requiring flues,
by such substitutes as will allow of their being dispensed with,
in the manner hereafter to be described. When necessary, a
brick flue may be altogether omitted, and its place supplied
by funnel-pipe, but this arrangement is almost always uncom-
fortable and inconvenient.

6. It is generally a matter of indifference, or at least of taste,
whether a laboratory have skylights or windows, but it is
always an advantage to have it well lighted. Skylights throw
the light very agreeably over sand-baths and furnaces, and
are exceedingly convenient in crucible operations, in conse-
quence of the manner in.which the light falls into the vessels,
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One side-light should, however, in all cases be provided, for the
purpose of observing most advantageously the action of re-
agents. Where, upon the addition of test solutions, only faint
opalescence or colour is produced, considerable management
is at times required for its observation in the most advantageous
way; and in these cases, and generally indeed in testing, a side
or window-light is by far the best. There is another point
relative to the admission of light to a laboratory, which in the
present state of chemical science is worthy of consideration.
The solar rays have been found highly influential in causing
chemical change: they effect combinations and decompositions
in a manner unattainable by any other agent, and are now
frequently resorted to, not merely in the preparation of pecu-
liar substances, as chloro-carbonic acid, chloride of carbon, &c.,
but also in the processes of analysis, where chlorine is an agent
used, and likewise in new experimental researches. It would
be well, therefore, in the construction of a laboratory, to pro-
vide, if possible, for the direct admission of solar light; and
this is the more desirable, inasmuch as, were it always attainable,
chemists would more frequently try the chemical powers of
this peculiar agent, at present but little known, and would
probably add rapidly to the comparatively small stock of know-
ledge we possess concerning it.

7. The mode of lighting a laboratory is to a considerable
extent connected with its ventilation, and the mnecessity of
rapidly changing the air of the place, when required, should
be kept in view; for though much may be effected by means
of hoods and flues, yet it is impossible at all times to prevent
the contamination of the atmosphere by the general diffusion
of deleterious vapours or gases through it to such an extent as
to render an immediate change of the whole very necessary.

8. There are several large articles of great utility in a labo-
ratory, which may be almost considered as fixtures, and which
require consideration in the first place, on account of the com-
parative permanency of their arrangement. Of this kind are
the general furnace, the tables, the sink, the cupboard, the
shelves, &c. The first of these, or @ general working furnace,
is in my opinion very important, from the extreme facility
which, when conveniently constructed or arranged, it gives to
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every ordinary operation. Its use is partly domestic, partly
chemical ; for it has to warm and air the place, occasionally to
heat water, as well as to supply the means of raising a crucible
to ignition, or of affording a high temperature to flasks through
the agency of a sand-bath. These objects are best obtained
by those furnaces which are built with a table top (169). The
fire-place itself is constructed of brickwork with iron front and
fittings, and the flue, being conveyed horizontally for three or
four feet, is afterwards carried off to and connected with the
main flue existing in the wall. The fire-place and horizontal
flue are covered with a large plate of cast-iron, of from two to
three feet in width ; this is formed in the middle, over the
heated part, into sand-baths, a round moveable one over the
fire itself, and a long fixed one over the flue. 'The sand-
baths supply every gradation of heat, from dull redness if
required down to a temperature of 100° or lower ; whilst on
each side of them exists a level surface, which answers every
purpose of an ordinary table, and supplies extraordinary faci-
lities to experiments going on in the sand-bath or furnace.
Nor are these advantages gained by any serious sacrifice of
heating power in the furnace itself, for it is easy so to construct
it as to make its ordinary combustion not more rapid than
that of a common fire, and yet by closing the fire~-door and
opening the ash-pit to obtain a heat that will readily melt
gold, silver, or cast iron.

9. A furnace like this is best placed in the middle or towards
one end of the laboratory, independent of the wall, for then it
most effectually warms the air of the place, and there is work-
ing room all round it; the flue may either descend and be
carried off for a short distance under ground, or it may be
connected by funnel-pipe with the upright chimney (5). But
if more convenient, either as occupying less of the room of a
small laboratory or for other reasons, it may be placed with
advantage against one side; and where the laboratory is made
out of a room previously built, the best situation is generally
against the fire-place, and the flue of the furnace is then easily
connected with the chimney previously existing.

10. When a furnace of this kind stands against the wall, it
is frequently advantageous to construct a wooden hood over
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the sand-bath, to receive and conduct away the fumes evolved
during the digestions and solutions made upon it. An exten-
sive hood, however, requires a separate flue, or it will injure
the draught of the fire ; and if the furnace be in the middle of
the laboratory, a fixed hood of any kind interferes with its
convenient use. It is generally better in these cases to adopt
the temporary hood and contrivances which will be described
hereafter (392). A particular description of the construction
of the furnace itself will also be given under the head of
furnaces (169).

11. The tables are most important parts of laboratory fur-
niture; they should be as extensive as the room will admit of,
and be so placed as to allow of ready access; hence a large
one, or two placed towards the middle of the room, and in
such a situation as to be well lighted, are very useful. They
should be made strong, and be furnished with drawers, unless
indeed one be closed in by doors, so as to form cupboards
having shelves within to hold rough articles; and if such a
one could have a situation given it near the sink, as a kind of
cleansing and washing table, its advantage would soon be
experienced. The table appropriated to testing operations and
cxperiments with corrosive fluids, as acids and alkalies, is
sometimes covered with lead, or even with earthenware, glazed
tiles being very convenient for the latter purpose, but a hard
or heavy substance endangers the safety of thin glass vessels
when laid down upon it.

12. There are some things which necessarily have their
appropriate and constant place on the tables. .The filtering
stands (528) are of this kind, and are thus raised to a conve-
nient height for operations: they should have a situation
chosen for them, which, though convenient for use and close to
that part of the table to be kept clear for general purposes,
should not be in the way of the operations constantly going on
there. A drawer or other dry place in the immediate neigh-
bourhood of these stands, should be appropriated to filtering
paper. The mercurial trough (786) is another apparatus
which should have its assigned place upon the tables; and the
particular table upon which it stands, or upon which mercurial
operations are generally performed (144), should have a groove
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cut round it near to the edge, with a hole in one place for the
facility of collecting the scattered mercury. ~Any of the metal
which may be spilled is swept or wiped into the groove, and
thence into a hole, and thus collected and preserved.

18. A sink, with an abundant supply of water, is very im-
portant ; and although it is just possible that a jug, witha large
leaden funnel and a pan beneath, may suffice, yet so advan-
tageous is the unlimited use of water and a regular sink with
its drain, that much should be done to secure them. The
water should be laid on from a cistern that contains a never-
failing supply, and the sink should be made of strong wood-
work lined with lead ; for though that metal is liable to the
action of mercury and some metallic solutions, yet on the
whole it is less subject to chemical action than any other sub-
stance ordinarily placed in a similar situation. The sink should
be made as large as convenient, not exceeding 80 inches by
42, and should have a drain which will freely carry off all the
slops and water that are likely to be thrown down. An iron
stink-trap should be placed at the commencement of the drain,
not merely for the purpose of preventing unpleasant smells,
but for the retention of the mercury gradually washed down,
which in an active laboratory of research amounts to no
small quantity in two or three years. A sink is useful not
only for washing bottles, glasses, jars, &c., but for many che-
mical operations, such as filling airholders, washing minerals,
preparing gluten, distillation, &e., and should be made con-
venient for all these purposes. It will of course be placed in a
corner, and as much out of the way as is consistent with its
free use; a place in the immediate neighbourhood being appro-
priated to its cleansing accompaniments, pails, pans, brushes,
brooms, &c.

14. Cupboards are so useful, that one, or, if possible, more,
with shelves inside, ought to be provided. In these are to be
kept clean test-glasses, jars, measures, retorts, flasks, receivers,
&c., for here they are preserved from the dust and dirt which
are constantly moving and settling in the laboratory itself. The
shelves should be placed at different intervals, so as to receive
glasses of various sizes ; and one or two of them should have
a number of round holes cut out, from an inch to four inches

C
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in diameter, to receive the necks of retorts, flasks, and reccivers,
Between the shelves should be fixed various hooks and nails to
hold and retain tube apparatus, such as siphons, detonating
tubes, tubes of safety, &c. One cupboard-shelf should be
particularly appropriated to receive products of experiments in
progress which have to be preserved for a few days (1302) ;
or things which, being valuable, ure but rarely required, as
potassium, &c.

15. All parts of the walls of the laboratory within reach,
conveniently situated, and not otherwise occupied, should be
fitted up with shelves in a firm manner, to receive bottles and
jars. . These must vary in strength, size, and interval, accord-
ing-to their intended uses; such as are to hold the bottles con-
taining the usually extensive and continually accumulating
series of chemicals, need seldom be of greater height or depth
than to receive a six or eight ounce phial standing close against
the wall. Those intended for the jars of the pneumatic trough
must be wider and at greater intervals; and those, again, which
are intended to hold the stock-bottles must be considerably
stronger, in consequence of the weight to be borne by them,
In arranging the shelves, it will be proper to pay attention to
their situation; the first series, for instance, containing the
chemicals and tests in constant use, should be near the table
upon which operations are most generally carried on, whilst
the stock-bottles may be put upon shelves considerably out of
the way. A shelf near the sink, with holes in it, upon which
apparatus which has been washed and rinsed may be placed
to drain, is very useful; and two or three others in the same
neighbourhood, or somewhere out of the way, supply places
for chemical lamps, oil-cans, and other dirty articles that can-
not but exist in a laboratory.

16, Retorts are very conveniently preserved by being hung
on wire rings from an inch to an inch and a half or two inches
in diameter. 'These are easily made out of copper wire, and
being screwed or fastened in a row into a wooden partition,
receive the necks of the retorts, and hold them in a very safe,
compact, and convenient manner., 'The advantage is obtained,
also, of seeing the whole stock of retorts at once, and instantly
choosing that best fitted for any required purpose.
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17. Analogous in its office to the shelves, is the tube-rack ;
it is intended to hold pieces of glass tube from one to four
feet long, and generally consists of a shelf about three feet
long and from six to eight inches wide, having a piece fast-
ened on the front so as to form a raised edge about an inch
high: or it might be made with some advantage by driving
three or four long pins or holdfasts into the wall in a line, the
end of each being turned up. No wooden bottom is in this case
used, and the piece of glass tube required is more readily
selected from among the rest, than when upon a rack of the
former kind; the smaller pieces are, however, apt to fall
through.

18. A part of the wall should be selected to be furnished
with long spikes, either by driving them into the brickwork,
or fastening up a board to which they are attached. These
serve to hold retort and flask rings, and large bent tubes, such
as siphons, curved pieces, &c.; smaller spikes will answer a
similar purpose for the numerous coils and pieces of wire that
are continually required.

19. One or two large wooden blocks will be found useful in
a laboratory ; they may serve as bases on which to place heavy
mortars, and one of them will form a good-support for a spike
or anvil. They should have their appointed situations on the
floor.

20. A set of ten or twelve small blocks of wood, about four
inches square and of different thicknesses from half an inch to
three inches, are also of great service in supporting parts of
apparatus at different heights.

21, Some consideration must be given in appointing the
places of the various pieces of apparatus and furniture in most
common use; and their relation to the tables, the bottles, and
each other, must be taken into account. The pneumatic
trough (7729) is in constant service, and must not therefore be
situated in a dark place, or far from the centre of activity :
access to it should be ready, and communication from other
parts open and free. The jar shelves (15) should, if possible, be
placed near, The mercurial trough already mentioned as
standing upon the table (1) should be similarly circum-
stanced. 'T'he table blow-pipe (24R) is a very essential article,

C2
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and in continual use: it should have a place against the wall
near to its appendage, the tube-rack. The dirty, but useful
coal-box, should have a convenient, but low and unobtrusive
situation given to it, that it may fully perform its part without
interfering with the uses or advantageous situation of other
things. It can hardly be imagined without experience how
much is gained by an attention to these details ; for though an
operation may, either from its desultory nature or its subordi-
nate character, be of little consequence when considered sepa-
rately, yet when it has to be repeated again and again, and
from its recurrence is continually entering into the business
of the day, it attains a degree of importance which makes its
ready and accurate performance of the greatest consequence.

22. The necessity of such things in the laboratory as flasks,
retorts, receivers, bottles, phials, mortars, &c., will be evident,
but any information respecting them will be most advanta-
geously given hereafter. They are better supplied as they
are wanted, rather than by a previous order; and in that way
the accumulation of what is unnecessary, is to a great extent
avoided.

23. But there are other things, properly denominated tools,
which, being always useful, should be immediately procured.
Amongst these, an anvil or spike, with its foot-block, should
stand on the ground, and a vice should be fixed against one of
the tables. Two or three hammers, including one intended
for mineralogical purposes, some cold chisels, a screw-driver,
a saw, cutting chisels, gimlets, brad-awls; half-round, flat,
and small three-square files; half-round, flat, and rat-tail
rasps ; pincers, pliers, forceps, a trowel, a soldering-iron with its
appendages, are the tools which, with a glue-pot, and a collec-
tion of nails and screws, will be found necessary : and to these
may be added a saw-knife for cutting soft brick ; coarse spa-
tulas, either of wood or bone, or made from iron hoop; and a
cork-screw.

24. There are several articles which may be considered as
materials in a laboratory. Bricks are often wanted to build
up temporary furnaces, or to form supports: mortar is con-
sequently useful ; river-sand is required for sand-baths and
other purposes, and is readily obtained from the bricklayer.
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Corks are useful in a thousand ways (1331), and should be
provided of good quality, and of all sizes from a large bung
downwards: old cards are extremely convenient. Matches,
string, and bladder, are necessary.

25. Many of these useful articles are best preserved in
drawers, and hence the necessity of a number of these recep-
tacles in a laboratory. If the tables do not supply enough of
them, it will be desirable to have a strong rough set exclu-
sively for these purposes. The appropriation of drawers
requires some method : one should be appointed to receive
fragments of glass tubes too small to remain in the tube-rack ;
another should be kept exclusively for the reception of those
useful laboratory vessels, glass tubes of various sizes closed at
one end (910); another, from containing corks, will be the cork-
drawer ; another, the tool-drawer ; the files and rasps, however,
being, from their quantity and general use, worthy of a drawer
to themselves; the round glass plates, stirrers, and tapers,
used in the laboratory, will also occupy a drawer ; string, with
bladder and sand-paper, another; and tow, with dusters,
another ; drawers being the most convenient places for these
things. One drawer should be divided within into various
compartments intended for different small apparatus, as blow-
pipes, forceps, a scratching diamond, platina foil and wire,
&e.

Besides drawers, a few small strong wooden boxes are con-
venient in a laboratory, for containing lime, lute, manganese,
sand, &c.; and a few wooden trays, with low rims, are exceed-
ingly serviceable for removing apparatus.

26. Distilled water must be included among the chemist’s
requisites ; and so much advantage is gained by its abundant
supply, that any accessible source should be eagerly sought.
Distilled water in large quantities is by no means uncommon
in towns, for in consequence of the numerous applications of
steam, the opportunities of collecting it are frequent, Where-
ever steam is used for the conveyance of heat through pipes,
the condensed water may, with a very little contrivance, be
collected in abundance, by placing a clean cask or vessel under
the place where it issues forth. Such water must of course be
tested to prove its purity ; that being rejected for laboratory
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use, which from any derangement in the pipes or other circum-
stance is found to be impure. Where the laboratory cannot
be supplied in this way, the water must either be bought or
distilled (424) ; the furnace before described (8.177) is ex-
tremely well adapted for the application of a still for this
purpose. Distilled water is best preserved for table use in a
bottle holding about a quart, or three pints, which should be
quite distinct in its form or appearance from any other bottle
in the laboratory, so that no mistake respecting it may at any
time arise.

27. A flint and steel, with matches, or, what is far better, an
eupyrion, should always be conveniently placed in the labora-
tory, and near to it a candle and candlestick. The little appa-
ratus called Hertner’s Eupyrion is now so well known in most
towns, that no difficulty will exist in obtaining it. To those
who do not know the instrument, it may be as well to observe,
that it consists of a very small bottle half filled with asbestus,
rather closely pressed, and moistened with very concentrated
sulphuric acid, the quantity being such, that though it
thoroughly wets the asbestus, it cannot flow amongst it or upon
the sides of the bottle; the bottle is closed by a good tight
cork, and should never be opened except when a match is to
be introduced, and immediately the latter is withdrawn, it
should be closed again. The matches are small slips of wood
tipped with sulphurin the usual way, but they are then again
tipped over the sulphur by being dipped for the eighth of an
inch into a mixture of three parts, by weight, of chlorate of
potash, and two parts of starch or sugar, mixed with a little
vermilion to give it colour, and water enough to make it into
a thin paste : this is allowed to dry thoroughly. One of these
matches suddenly dipped into the bottle, so as to touch the
sulphuric acid, and snatched out again, will immediately
inflame. For the eupyrion may be substituted the phos-
phorus bottle, made by stirring a piece of phosphorus about
in a dry bottle with a hot wire; the phosphorus undergoes
partial combustion, and forms a highly combustible coat over
the interior: a common sulphur match rubbed against the
inside of the bottle and drawn out into the air, immediately
inflames ; or if it should not do so, a second stir with the hot
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wire, or two or three days’ rest, will generally render the bottle
a good one. It should be closed by a glass stopper so as to
prevent access of air, except at the short momentary intervals
when it is in use. Both this and the eupyrion are to be pre-
ferred to flint and steel.

28. There remains little besides to perfect the preliminary
furniture of a laboratory. A blank writing-paper book should
be upon the table, with pen and ink, to enter immediately
the notes of experiments (1290). A chair may be admitted,
and one will be found quite sufficient for all necessary purposes,
for a laboratory is no place for persons who are not engaged
in the operations going on there.

29. Having thus described the laboratory, it will easily be
understood, that great advantages would arise from the asso-
ciation of another room or two with it, which, nevertheless,
may be dispensed with. A good balance is a very delicate
piece of apparatus, and is soon injured and deranged if ex-
posed to the attacks of the damp and corrosive vapours that
are continually floating about in the laboratory, in which it
should therefore be allowed to remain as little as possible, and
yet from its constant use should not be far removed. If there
be a small dry room at hand, it will be very convenient gene-
rally to keep the balance in it ; and there the air-pump and its
receivers, the electrical machine, Leyden jar, and a quantity
of delicate apparatus, will usually be its companions.

30. On the other hand, such things as lute, sand, charcoal,
coke, bricks, crucibles, voltaic troughs, carboys, &c., do not
require a dry place, and would even cause injury if retained in
the same room with the balance; yet it is advantageous, if
otherwise convenient, to remove them from the laboratory
into a separate place, that the former may be left unembar-
rassed and clear for operations. These, therefore, would go
very properly into a dry cellar or covered shed, or any place
that would suit as a rough lumber-room. 8till it may be ob-
served, that these places are not essential; and where the
laboratory establishment is but small, all the delicate apparatus
may be put into a dry cupboard, and the other things find their
situation in the laboratory itself.

31. It was once intended to annex a plan of a convenient
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and complete moderate-sized laboratory, but the idea was
resigned, in consequence of the difficulty of exhibiting the
important parts in more than one case out of ten. There will
scarcely be two of these chemical workshops which may not
advantageously differ in the arrangement of some of their
essentials, as well as in the extent of their different parts;
some being extensive in one department, others in another.
A notion of the most necessary furniture of a small laboratory,
or of one to be comprised in cases of necessity on the surface,
and within the drawers of a single table, may easily be gathered
from the manipulatory parts of the present work. If the want
of time, or if other circumstances, should necessarily limit the
chemical pursuits, the author would advise a person so situ-
ated to begin by providing a spirit-lamp, a blow-pipe, a
pair of pliers, some platina foil and wire, a platina capsule, a
few Florence flasks, a chemical lJamp, a few evaporating basins,
a few pieces of quill glass tube, and two or three dozen bottles;
with some of the most useful chemicals, as the acids and alka-
lies, and six or eight of the most important tests; and to pur-
chase all other things as the necessity for them may arise.

Section II.
BALANCE, WEIGHING, &ec.

32. ON entering upon a part of this work which relates more
directly to manipulation than the matter of the preceding
pages, it may be proper to state very distinctly, that the object
is not to give information relative to the nature or construction
of chemical apparatus in general, but to teach its simplest,
most effectual, and accurate use. It will be the endeavour of
the author to keep all in strict subordination to this object ;
and when he enters into the construction and principles of an
instrument, it will be solely with a view to the clear compre-
hension of the manner of using it. Hence a reason for the
apparent disproportion which will now and then appear in the
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details of this subordinate and descriptive part: for whatever
the pupil or chemist can himself do towards the correction or
construction of an instrument, will be fully described, whilst
that which must, of necessity, be done by the workman, will
be passed over in silence. "T'o teach a person how to make a
balance, or to inform him how it is made, is not the object of
the writer; whilst, on the contrary, its use is the very point
in view: whatever, therefore, facilitates the latter, or whatever
can be done to correct slight derangement, by one who is not
a workman, ought now tc claim our attention.

33. A chemist cannot do without a delicate balance; it 1is
absolutely necessary to his repetition of the most important
experiments of others, or to his own independent progress.
If he be an active operator, he will require two or three ba-
lances; for the weights with which it is necessary to work are
almost without limit, and cannot be estimated by the same
instrument. Large quantities, if weighed in balances com-
petent to show minute differences in small weights, would, by
flexure of the beam or change in the points of support, infallibly
injure or even destroy them; and small weights cannot be
appreciated .in instruments intended for great quantities,
because of the strength it is necessary the latter should have,
and the consequent weight and comparative roughness of the
parts. One pair of scales should therefore be provided that will
weigh from one ounce up to three or four pounds, or even
more, and be so constructed as to turn with two or three grains,
when loaded with their greatest weight, They can, when re-
quired, be made very delicate and correct, but, except in parti-
cular cases, that is not necessary. Another pair of scales,
calculated to weigh from half a grain to two or three-ounces,
with considerable accuracy, and turning with about one half or
one third of a grain when fully loaded, should be kept for
laboratory purposes. These are intended for common use; and
as it is a great object to save the superior instrument from the
injury occasioned by too frequent use, and to preserve it from
exposure to the vapours which are constantly escaping in the
progress of operations, or from the bottles, should be substi-
tuted as often as possible for the latter, especially in cases which
require the balance in the laboratory. The choice instrument
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should be sufficiently delicate to weigh from 600 to 1000 grains
and downwards, indicating distinctly and certainly differences
equal to the 1,5 or 1. part of the weight in the scale.

84. The materials and construction of balances vary so much,
as also do the circumstances which influence their purchase,
that no general directions on this point can be well given.
Whether large or small, they are best on fixed supports, and
not suspended loosely, although very good ones of the latter con-
struction are made. 'They should be preserved from all damp
and vapours ; and the beam of the large one, if its construction
will admit of it, and even of the next pair, frequently oiled
and wiped. 'The more delicate instruments should be cleaned
by the maker: much harm is sometimes produced by rough
and hasty cleansing ; and if, when about to be used, it is seen
that a spot arising from rust, or corrosion, or any other cause,
exists on the beam or pan of a delicate balance, it is better to
compensate for the difference of weight it occasions, by adding
a temporary counterpoise to the pans, than to try to remove it
previous to the operation. If the balances are so constructed
as to pack into boxes or cases, they should be kept in such
cases when not in use. Delicate instruments are always in-
closed in cases, and are so fixed in them as to require and admit
of their use without removal. When not in use, the cases
should always be closed. A loose green baize or linen bag to
throw over the balances when in the laboratory, and not in
use, is serviceable, and whenever of necessity the delicate
balance is brought into the laboratory, it should be returned
to its proper situation immediately that it is done with. The
instrument itself is so expensive, so soon suffers injury, and
then has its value and use so rapidly diminished, that every
care should be taken to preserve it in efficient order.

85. The weights for these balances are as various as the in-
struments themselves. They will be wanted from 8 1bs. down
to the hundredths of a grain, and will form at least two sets,
the one consisting of avoirdupois pounds, ounces, and drachms,
and the other of grains, from 1000 down to the minutest
fractions. It is usual to construct these weights in sets,
containing as few as possible in each. Thus 4 weights of 1, 2,
3, and 4 grains are sufficient to weigh from 1 to 10 grains, and
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with similar weights of 10, 20, 30, 40, 100, 200, 300, and 400,
will weigh up to 1100 grains. The weights might be still
further diminished in number by using such as are expressed
by the following series, 1, 3, 9, 27, 81, 243, and a series of
twelve so constructed would weigh any number from 1 to
265,720, But this is not at all desirable in practice, and
several of each particular weight, or several sets of weights,
should De in use at once. 'This will not be necessary with the
pounds, ounces, and drachms, because they are comparatively
but seldom used in the laboratory, but with the grain weights
it is required : for it is desirable, in all possible cases, to refer
to the same kind of weights for simplicity of calculation and
comparison, and grain weights being those generally and con-
veniently referred to, it follows necessarily that such are in
constant use ; this being the case, all delay or difficulty arising
from a deficiency of weights should be avoided by an abundant
supply. It frequently happens, that in the estimation of a loss
or gain of weight, or in taking specific gravities, two or more
weights of the same value are wanted ; and this, together with
occasional losses, will render it evident that there should be a
liberal extra quantity. For this reason a small box, divided
into compartments, containing a variety of grain weights, from
a tenth up to 1000 grains, and intended to accompany the
balance ordinarily in use, is exceedingly convenient. It is well
to have a perfect set, from 500 downwards to the hundredths
of a grain, to be always kept with the best balance, there being
two or three sets of the fractions of a grain. Repetitions of
those above a grain are in this case not required, but may be
supplied, when wanted, from the laboratory-box.

86. These weights are sometimes made of brass ; the smaller
ones, however, are commonly of platina. The fractions of a
grain should always be of platina, and it would be much better
if that metal were constantly used for weights not surpassing
10 grains. Perhaps its expense for heavier weights would
sometimes be objectionable, but this is fully compensated by
the unchangeableness of the weights either from oxidation or
corrosion, and the facility with which they are cleaned from
ordinary dirt, either by, slight wiping or momentary exposure
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to the flame of a spirit-lamp. Where expense is no object, all
the weights should be of platina; their permanent correctness
compensating abundantly for the increased cost.

87. If platina be not used, there is probably no common
metal better than brass, of which to construct weights; the
larger grain weights, and also the pound series and its divi-
slons, may be made of this alloy. It is liable to be affected
very materially by the laboratory fumes, and in consequence
small weights constructed of it are often rendered useless in a
very short period. Keeping them in a close box retards this
kind of injury. The pound and ounce weights are frequently
constructed in sets, each weight being hollow, having the form
of a truncated cone, and fitting into the others, so as when
arranged together to form a solid mass. Such weights are
very convenient in arranging counterpoises, the cup form
enabling the largest weight used to receive all the additional
matter required to make the counterpoise accurate, as will be
seen in the practice to be described hereafter (64).

38. The laboratory-box of grain weights should include a
pair of small brass pincers or forceps, for the divisions of a
grain (54). The latter are too minute to be moved expe-
ditiously and safely by the hand; and unless the weights be
comparatively large, the handling of any of them is liable to
communicate extraneous matter, and thus render them more
or less inaccurate.

39. Associated with the weights should be some convenient
substances for the purpose of counterpoising crucibles, capsules,
tubes, &ec. (64). A little box of clean shot of different sizes
mixed together, answers this purpose in part very well; and
its contents may be completed by a few pieces of thin sheet
lead or tin foil.

40. The balance and weights should be carefully examined
at intervals, to ascertain their accuracy, for if they involve
unnoticed errors, the experiments made with them may be
worse than useless, Some curious conclusions, tending to
subvert most important chemical truths, might be quoted as
having arisen solely in this way.

41. The theory of the balance is so s1mp]e, that the tests
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of its accuracy will be easily understood, and as easily prac-
tised *. It may be considered as an uniform inflexible lever,
supported horizontally at the centre of gravity, and support-
ing weights at equal distances from the centre; by points in
the same horizontal line with the centre of gravity. If the
weights be equal, the one will counterpoise the other; if not,
the heavier will preponderate. In the balance, as usually
constructed, there are certain departures from the theory as
above expressed—some from the impossibility of execution,
and others in consequence of their practical utility ; and a good
balance may be said to consist essentially of a beam made as
light as is consistent with that inflexibility which it ought to
possess, divided into two arms of equal weight and length, by
a line of support or axis, and also terminated at the end of
cach arm by a line of support or axis intended to sustain the
pans. These three lines of support should be exactly parallel
to each other, in the same horizontal plane, and correctly per-
pendicular to the length of the beam ; and the plane in which
they lie should be raised more or less above the centre of
gravity of the beam, so that the latter should be exactly under
the middle line of suspension. It will be unnecessary in this
place to speak of the coarse faults which occur in the ordinary
scales—these will easily be understood ; and from what has to
be stated of the examination of the most delicate instrument,
the impossibility of avoiding them without incurring an
expense inconsistent with their ordinary use, will be as readily
comprehended.

42. It will be easily understood that a beam constructed
with knife edges resembles the one before mentioned; and
being supported on horizontal planes by the central line of
suspension, as is generally the case, will take a horizontal
position, in consequence of the situation of the centre of gra-
vity. The addition of the pans causes no change in this ulti-
mate position of the beam, because they are of equal weights,
The delicacy of a balance depends very materially upon the
relative situations of the centre of gravity, and the lines of sup-
port, ¢. e. the middle and the extreme lines of suspension. If

* Sec Nicholson’s or Ure's Dictionary of Chemistry, article Balance.
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the centre of gravity be considerably depressed below the
fulerum, then, upon trying the oscillations of the balance by
giving it a little motion, they will be found to be quick, and
the beam will soon take its ultimate state of rest; and if
weights be added to one side, so as to make it vibrate, or turn
as the expression is, or else to bring it to a certain permanent
state of inclination, the quantity required will be found to be
comparatively considerable. As the centre of gravity is raised,
the oscillations are slower, but producible by a much smaller
impulse, the beam is longer before it attains a state of rest,
and it turns with a smaller quantity. When its situation
coincides with the fulcrum or centre of oscillation, that also
being in the plane joining the two extreme lines of suspension,
then the smallest possible weight will turn the beam (sup-
posing the knife edge and suspending plane perfect), the oscil-
lations no longer exist, but one side or the other preponderates
with the slightest force; and the valuable indication which is
furnished by the extent and velocity of the vibrations is lost.
The case where the centre of gravity is above the fulcrum
rarely if ever occurs ; such a balance, when equally weighted,
would set on the one side or the other, that side which was in
the slightest degree lowest tending to descend still lower, until
obstructed by interposing obstacles ; unless, indeed, the fulcrum
was placed considerably above the line joining the extreme
points of suspension, in which case the weights in the pans
might counteract the effect dependent upon the elevation of
the centre of gravity. In balances intended to carry large
quantities, it is necessary to place the centre of gravity lower
than in those for minute quantities, that they may vibrate
regularly and readily, and hence one cause why they are infe-
rior in delicacy, for, as a consequence of the arrangement, they
will not turn (or indicate), except with a larger weight.

43, The vibrations of a balance vary with the quantity of
matter with which it is loaded ; and the more the weight in the
pans, the slower their occurrence. These should be observed,
and the appearances retained in the mind, in consequence of
the useful indications they afford in operations of weighing.
A certain extent and velocity of vibration would, in some de-
gree, indicate to the person used to the instrument nearly the
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weight required to produce equilibrium ; but the same extent
and velocity, with a weight much larger or smaller, would not
be occasioned by an equal deficiency or redundancy of weight,
as in the former case. The weight required also to effect a
certain inclination of the beam, or to turn it, should be known,
both when it is slightly and when heavily loaded. If the in-
strument turns with ;1; of a grain when 600 grains are in each
scale, or with ;51,5 of the weight to be estimated, it may be
considered as very good.

44. Balances are sometimes liable to sef, as it is called, when
overloaded. The effect consists in a permanent depression of
that side which is lowest : thus, if a balance be equally weighted
in each pan, but overloaded, it will, if placed exactly horizontal,
remain so ; but the slightest impulse or depression on one side
destroys the equilibrium, the lower side continues to descend
with an accelerated force, and ultimately remains down, being,
to all appearance, heavier than the other. Generally speaking,
the more delicate a balance, the sooner this effect takes place,
and hence one limit to the weight which it can properly carry.
This setting of the balance, and the general diminution of deli-
cacy by increase of weight, should be carefully kept in mind.
The setting is considered as dependent upon the position of
the fulcrum, below the line which joins the extreme points of
suspension of the beam ; the effect which would thus be pro-
duced being masked for a time by the centre of gravity in the
beam falling below the fulerum.

45. When the beam, freed from the pans, but supported on
its stand, has been found to oscillate regularly and equably,
and gradually to attain a horizontal position of rest, it should
be reversed, that is, taken up and turned half-way round, so as
to make that arm which before pointed to the right, now poaint
to the left. The beam should then again be made to oscillate ;
and if it performs regularly, as before, finally resting in a hori-
zontal position, it has stood a severe test, and promises well.
The faults which are likely to be disclosed in this way, depend
upon imperfections in the work of the middle knife edge and
the planes upon which it rests. The edge is made either of
agate or steel, and should be formed out of one piece of matter,
and finished at once ; every part of the edge being ground upon
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the same flat surface at the same time. In this way the existence
of the two extreme or bearing parts of the edge in one line is
insured ; but when the two parts which bear upon the planes
are formed separately upon the different ends of a piece of agate
or steel, or, what is worse, when they are formed on separate
pieces, and then fixed one on each side the beam, it is scarcely
possible they should be in the same line, and, if not, the beam
cannot be correct. These knife edges usually rest upon planes,
or else in curves. The planes should be perfectly flat and
horizontal, and exactly at the same height ; the curves should
be of equal height, and their axis in the same line. If they
are so, and the knife edge is perfect, then the suspension will
be accurately on the line of the edge, and reversing the beam
will produce no change.

46. When the pans are hung upon the beam, the balance
should of course still remain horizontal. The lines of sus-
pension for the pans are not so difficult to obtain correctly as
that before spoken of;; but they should be tried by changing
the pans, then by reversing the beam, and afterwards by chang-
ing the pans again, 'The irregularities which may in this way
be discovered in a balance can be corrected only by the work-
man, and are always difficult points in the final adjustment.
Faults may exist in a slight degree in a very excellent instru-
ment, and the inaccuracies which might result from ignorance
of them may be avoided when they are known, by attention to
directions.

47. The arms should in length and weight be equal to each
other: the length of each is accurately the distance from the
middle to the distant knife edge, all the edges being considered
parallel to each other, and in the same plane. The two arms
should accord perfectly in this respect; but the weight is by
no means necessarily subject to equality, though it is better
that it should be so. One arm, with its pan, may be consi-
derably heavier than the other, but from the disposition of the
weight in the lighter arm towards the extremity, or in the
heavier towards the middle of the beam, the equilibrium may
be perfect ; and, therefore, no inaccuracy be caused thereby in
the use of the balance. Instruments are usually sent home in
equilibrium, and require no further examination as to this parti-
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cular point than to ascertain that they really are in adjust-
ment ; and that, after vibrating freely, they take a horizontal
position.  If they should not do so, the fault is easily corrected
for the time by a small counterpoise.

48. Equality in the length of the arms is much more im-
portant, and may be ascertained in two or three ways. Sup-
pose the balance with its pans to vibrate freely and rest in a
horizontal position, and that after changing the pans from one
end to the other, the balance again takes its horizontal state of
rest. In such a case an almost certain proof is obtained of
equality in the length of the arms. They may, however, be
equal, and yet this change of the pans from end to end may
occasion a disturbance of equilibrium, because of the unequal
distribution of weight in the beam and pans; but, to insure an
accurate test, restore the pans, and consequently the equili-
brium, to the first state; put equal, or at least counterpoising
weights, into the pans, loading the balance moderately, and
then change the weights from one pan to another, and again
observe whether the equilibrium is retained ; if so, the lengths
of the arms are equal.

Tests of this kind are quite sufficient for the purpose of the
chemist; who, having ascertained that his balance, whether
slightly or fully laden, vibrates freely,—turns delicately,~—has
not its indications altered by reversing the beam or changing
counterpoising weights,—may be perfectly satisfied with it, and
leave the fuller consideration of the difficult points and cor-
rections to the instrument maker.

49. The weights should undergo an examination as well as
the balance, and it is necessary to make this with reference to
their accuracy when new, and also to their change by wear or
corrosion. It is essential in the first place to set out with a
good standard, and though this point is of necessity generally
left to the workman, yet, when possible, it is very desirable
that the 1, 10, 100, and 1000 grain weight should be compared
with others of good authority. The most ready method of
detecting errors in the subdivisions, is to make up equal quan-
tities from different weights, and compare them together in the
balance, a large one being tried against eight or ten smaller, as
the 100 grain weight against those of 40, 30, 10, 8, 5, 4, 2,

D
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and 1; and then again, from a quantity made up of several, to
remove some and replace them by others, as for instance, for
the 80 grain weight above, to substitute a 10 and four 5 grain
weights. The fractions of the grain should be examined in
the same manner, and if any material error exists, it will thus
readily be discovered. Should the balance in use be one
which, from accident or other circumstances, is affected in its
indications by changing the weights in the pans, then, in these
trials, all the changes should be made in one pan only, the
weight in the other being considered as a mere counterpoise,
and left undisturbed from first to last. The trials with those
weights which accompany the best balance, and are intended
exclusively for very delicate experiments, should be made with
extreme care.

50. The examinations which are to take place at different
periods to ascertain the continued correctness of the weights,
are to be conducted in a similar manner, except indeed when
there is reason to suspect the alteration of a particular weight,
which will then of course be tried against one admitted to be
correct. These trials should be more or less frequent, accord-
ing to the exposure of the weights; those, which from being
continually in the laboratory rapidly change their colour and
appearance, will often require examination; but platinum
weights are in this respect unalterable, and are liable to very
little derangement of any kind from ordinary use.

51. The operation of weighing is very simple, and it is only
because in the hands of the chemist it becomes one of extreme
delicacy and frequency, that the facilities for its performance
require to be mentioned. It should in the first place be ascer-
tained before every operation, that the balance is in order, as
far as relates to its perfect equilibrium, and to the freedom of
vibration ; and also that no currents of air are passing through
the case, so as to affect its state of motion or rest; a situation
being chosen where such influences may be avoided. If from
any accidental cause it be not in equilibrium, it should be
balanced by a fragment of paper, or a slip of tin or lead foil.
If its vibrations are imperfect and impeded, the cause, what-
ever it be, must be discovered and removed, or a delicate
weighing cannot be performed.
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52, When the substance to be weighed consists of one or
a few pieces only, it is merely necessary to put it into one
pan, and to add weights to the other, until the two are in
equilibrium. A delicate balance is always furnished with
means of supporting the pans, independently of the beam ;
and the beam itself is also supported when required, by other
bearings than its knife edges; and in such a manner as to
admit of the rapid removal of these extra supports, that the
instrument may be left free for vibration. This is done that
the delicate edges of suspension may not be injured, by being
constantly subjected to the weight of the beam and pans, and
that they may suffer no sudden injury, from undue violence
or force impressed upon any part of the balance. When,
therefore, a large weight of any kind is put into, or removed
from the pans, it should never be done without previously
supporting them by these contrivances: for the weight, if
dropped in, descends with a force highly injurious to the sup-
porting edges ; or if a large weight be taken out without first
bringing the pans to rest, it cannot be done without producing
a similarly bad effect. No weight heavier than a grain should
be introduced without this precaution, which, besides being
requisite for the reason described, is otherwise advantageous.

53. When a weight is put in which is assumed to be nearly
equal to the substance to be weighed, the balance should be
brought to a horizontal state of rest, this being usually done
by the same means as those appointed to support the pans;
it should then be liberated gradually, so as to leave the pans
wholly supported by the beam. The whole being upon its
true centres of suspension, it will be observed whether the
weight is sufficient or not, and the rapidity of ascent or descent
in the pan containing it, will enable a judgment to be formed
of the quantity still to be added or removed (43). Bringing
the balance to a state of rest as before, such quantity should
be added, and trial again made; and it is better to repeat this,
for every required alteration of weight, however small it may
be, than to endeavour to adjust the weight, whilst the' whole
is suspended from the knife edges, and the pans are swinging
in the air.

54. As the weight approaches to equality with the substance

D2



36 SMALL WEIGHTS—ESTIMATION OF WEIGHTS., [Sect, IL

to be weighed, the oscillations become slow, and the beam
ultimately rests in a line more or less inclined, being the same
with that above and below which the oscillations are made.
The positions of this line may be judged of, therefore, whether
the balance be at rest or in motion, and is a material indica-
tion of the weight to be added or taken away; a person who
from observation of the oscillations of a balance and the posi-
tion of this line, is able to take advantage of the indication it
affords, will effect the required equilibrium in three or four
trials, when another person, unobservant of these points, will
not do it in less than ten or twelve. The small weights should
always be removed by a little pair of pincers (88), for when
the fingers are used, there is frequent risk that they may leave
something adhering to the larger weights in the pan, or may
brush out the smaller. The weights are safer too in pincers
than in the fingers.

55. It sometimes happens that the balance appears to vibrate
with difficulty, or to stick, though no sufficient cause can be
discovered. On these occasions a slight tremor given to the
instrument, by tapping on the case, or by a vibratory motion,
will frequently assist the balance, and confer sufficient delicacy
to allow of the operation being completed. The weight should
always be estimated when the instrument is at rest, but it
should be carefully ascertained by the freedom of vibration,
that this rest is the consequence of perfect equilibrium, and
not due to the want of delicacy in the instrument or to acci-
dental obstruction.

56. When the balance has ultimately been brought into a
state of equipoise, the weight is next to be estimated. The
operator generally takes an account of the additions and sub-
tractions as he proceeds, but the resulting quantity should be
confirmed by inspection. Remove the weights, therefore, from
the balance, and if there be many, and especially small ones,
this is best done by slipping them all out of the pan together
into a small basin, or upon a sheet of paper, and then, by
laying them out, their amount may be ascertained. To detect
any error that may have arisen, either in calculation or other-
wise, make up the quantity in other weights, the fewer the
better, introduce these into the pan in place of the former,
and see if they also accurately counterbalance the substance
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weighed : if they do, the accuracy of the weight is insured ; if
not, the cause of the discrepancy must be sought for, dis-
covered and corrected.

57. When the operation of weighing has to be repeated
frequently, as happens in certain parts of analytical processes,
it economises time to have the smaller weights arranged in
order before the balance ; the hundredths together on the right
hand, then the tenths, then the grains below ten, and ulti-
mately the large weights.

58. In weighing substances that are hot, great attention
should be paid to any effect produced by the ascending current
of air, in elevating the pan containing the hot material, and
thus giving erroneous results: a silver capsule, weighing 600
grains when cold, appeared to weigh less by seven-tenths of a
grain when heated by a spirit Jamp, and again placed in the
scale. If it had previously contained ten grains of a sub-
stance, to be subjected to such a temperature, a loss of about
0.7 of a grain would have appeared to take place, when actu-
ally none might have occurred. Besides this probable fallacy,
the introduction of a hot substance or vessel into the pan is
liable to affect the arm of the beam above, if delicately con-
structed, and cause derangement for the time merely by its
expansion. :

59. Although, when the balance is in perfect order, it is
indifferent which pan receives the substance and which the
weights, it is advantageous always to use the same pan for the
same purpose. Attention to this custom is a correction to a
certain extent for inequality in the length of the arms; for
though in the latter case a difference must exist between the
weight and its counterpoise to produce equilibrium, yet this
difference is constant, and quantities increased or diminished
in equal proportions will equally balance each other, so long
as the contents of the pans are not changed. If then the
weights are always put into one pan, the quantities weighed
in the other will be in the same proportion as the weights,
though not exactly equal to them; and the products of an
analysis estimated thus would be as accurately known as if
the balance had been perfect. But if, on the contrary, the
products were put first into one pan and then into the other,
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they would sometimes be over-rated, and sometimes under-
rated, and the differences would very soon, by accumulation,
be irreferable either to the weights or each other.

60. Attention will be required in practising this rule in cases
where frequent alterations in weight are taking place. Suppose
carbonate of lime, in a crucible, had been weighed in the
substance pan by weights in the weight pan ; if it were heated
violently it would become quick-lime, and lose in weight, but
this loss could not be ascertained correctly by returning the
crucible and lime into the same pan it was in before, and then
adding weights to make up the deficiency, but must be done
by removing weights from the weight pan; and if a second
alteration were effected in the weight, as by converting the
lime into a hydrate or sulphate, that must also be estimated by
weights added to the weight pan, no weights ever being mingled
in the same pan with the substance, but every change in the
weight of the substance being estimated in the one pan by a
corresponding change of weight in the other.

61. When weighing powders, or moderately divided matter,
it is better not to lay them at once on the pan, but upon some
interposed substance. For this purpose, two slips or pieces
of glass, or two watch glasses, of equal weight, should be used,
one in the weight scale, and one in the substance scale. They
are easily preserved clean, and possess the advantage of gene-
rally resisting chemical action, and permitting the substance
to be washed off them without injury. Or, in place of two
pieces of glass, one piece, or a little Wedgewood’s basin
counterpoised, will answer the purpose. But two pieces of
paper are generally more convenient, and there are few sub-
stances which may not be weighed upon them. Hot-pressed
wove paper is the best ; its smooth surface preventing adhesion
even of the finest powders. It should not be torn, but cut,
for the fragmented edge would retain a portion of the powder
when passing over it; its form is given and its adjustment
easily made by a pair of scissors. Its flexibility is very con-
venient in assisting to convey powders into a flask, or other
narrow-mouthed or small vessel. All these advantages are
obtained by the usc of a material, which has, in addition, those
of being very cheap and clean, and the few cases in which it
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is objectionable, as where the substance to be weighed is moist
or deliquescent, are easily distinguished, and its insufficiency
may then be supplied by the use of glass or metal.

62. In transferring small quantities of powder from place
to place, as for example into and out of the balance, and
adjusting them, spatulas are very useful, and one of platina,
for this and other purposes, is requisite in every laboratory.
It may be about half an inch wide, at least three inches long,
and so thick as to resist considerable force without bending ;
otherwise it will not be the generally serviceable instrument it
ought to prove. For those who are inclined to indulge in the
luxuries of chemistry, a pocket knife, with a platinum blade,
is a very excellent tool, answering many of the purposes of the
spatula above described. With reference to the removal of
powders, ivory and bone spatulas answer the purpose well;
but in case of the absence of all these, their place at the balance
may be supplied by a slip of the same hot-pressed wove writing-
paper before mentioned, cut from the sheet with scissors. In
effecting the ultimate adjustment of the quantity, the smallest
portions may be taken by it from the heap in the scale, and by
a slight lateral shake, the smallest quantity may be dropped
from it into the pan: copper and platinum foil do not make
good temporary spatulas, unless bent down the middle, for
they are apt to give way between the fingers, and by their
elasticity to scatter the substance.

63. It is not necessary in weighing out given quantities of
powder, 100 grains for instance, to bring the balance to rest
every time a little of the substance is added or removed, in-
asmuch as by a short practice both may be done without com-
municating any other impulse to the instrument than that
resulting from the alteration of weight.

64. In using the balance, the operation very often consists
merely in counterpoising, no estimate of the quantity being
required, but simply an accurate and temporary weight cor-
responding to that of the substance or vessel. Platina cru-
cibles, capsules, glass tubes, &c., either alone or with their
contents, very frequently require to have their weights thus
compensated ; for counterpoises should be considered as weights,
and go into the weight scale. If but a small one be required,
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a slip of tin foil, leaf lead, or even of paper or card, will answer
the purpose very well, the piece being trimmed down by scis-
sors till it balances the object in the other pan. If a larger
one is wanted, a piece of plumbers’ sheet lead is convenient,
and may be accurately adjusted by a pocket knife. Besides
sheet lead, shot of different sizes (39), are often used for this
purpose, being poured into the weight pan until there is nearly
sufficient to balance the contents of the opposite scale, and the
final adjustment made by a piece of lead, or tin foil, or paper.
When shot are not at hand, the counterpoise may be nearly
made up by large weights, and adjusted as before by metal
foil. 'Where the whole consists of many parts, it is desirable
that they should be preserved compactly together, lest any
portion be dispersed, and inaccuracy introduced. The hollow
weights (37) are for this reason very useful in counterpoising ;
the largest weight that is not too heavy should be taken, and
the requisite addition placed within it. If such a convenience
be not present, then perhaps the best plan is to put a piece of
clean smooth paper (writing paper if ready) of a few inches
square, into the pan, in the first place, and add weights to
complete the counterpoise ; the ultimate adjustment can be
made as before, or even upon the edge of the piece of paper;
when that is done, enclose the loose portions of the counterpoise
in the piece of paper, wrapping all up safely together, again
see that it is accurate, and then set it aside in the drawer of
the balance, or in the place appointed for such things, until it
is required. In consequence of the change in weight of paper,
either by desiccation in a dry place, or the absorption of
moisture in a damp one, a counterpoise so wrapped up should
be kept in a place similar in dryness to that from whence the
paper came, and the chances of change are diminished as the
time is less during which it is necessary to be preserved.
When the mind is alive to this source of error, it is easily
avoided, by keeping paper for the purpose in the place where
counterpoises are kept, or by drying the paper and keeping
the counterpoises also in a dry state.

65. Sometimes vessels or substances are to be weighed which
will not conveniently rest in the pans without a little con-
trivance : tubes, if long, now and then interfere with the case
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containing the balance, and flasks are liable to roll over,
occasioning the loss of their contents. Tubes of moderate
length, such for instance as are used in the pro-
cesses of organic analysis, can often in these cases
be weighed by the use of a small loose loop or ring
of twine, which, being slipped over the suspending
wires of the balance pan, is to be raised nearly to
the top, and then by passing the tube through it,
the upper part will be supported, whilst the lower
end rests in the pan, the whole being in a position
approaching to the vertical. In this case it is ne-
cessary that the loop and tube be arranged so that
the latter does not touch the beam, or in any way
interfere with the free suspension of the pan supporting it.

Such a loop is also very convenient in supporting flasks in
the balance, for being allowed to descend upon the suspending
wires of the pan, it prevents the neck of the flask from passing
between them, and retains it in a position sufficiently vertical
to avoid the loss of any of its contents.

66. Many balances, in order to facilitate their various uses,
have a hook at the bottom of each pan: to this a thread or
wire is readily attached, and being terminated beneath in one
or more loops, is easily made to sustain a tube or other article
to be weighed, which from its inconvenient shape will not lie
safely in the pan itself.

67. When it is required to weigh liquids, they must of
course be retained in some convenient vessel, the weight of the
vessel being either known, or counterpoised, in the first place,
or ascertained by an after operation. Glasses, flasks, capsules,
and small tubes, are all useful in turn to retain fluids. The
glasses and capsules will stand readily in the pan, and the flask
may be supported as before mentioned (65) by the loop of
twine, or by being placed upon a small wooden ring about two
inches in diameter, and an inch wide, covered with list, which
serves as a temporary foot (68). The tubes will more fre-
quently be required to contain scarce fluids, or perhaps such
as have actually been formed in them during an experiment,
and will often require supporting. It is for this and for many
purposes of adjustment at the balance, convenient to have two
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rings of good cork, about three quarters of an inch high, kept

with it, fitting loosely into each other, and having for the

internal diameter of the smaller, half an inch, and for the

external diameter of the larger, two inches. These will sup-
port most tubes in a more or less inclined position ;
and in any case where they will not answer the
purpose, a temporary stand is easily made out of a
cork, by piercing a hole through it with a rat-tail
rasp, of the proper size to receive the tube.

68. The listed rings referred to (67) are exceedingly
useful in the laboratory for the support of retorts, flasks,
globes, receivers, and all vessels of a circular form. They are
easily made out of a slip of thin pliant wood, or a piece of
sheet copper, the rough ring being covered by rolling list
round it. A number of them should be provided for labo-
ratory purposes, from two to six inches in diameter, and of
different heights.

69. Where a certain weight of fluid is wanted, its final ad-
justment is easily effected by several methods. If it be water
or alcohol, or a substance that does not act upon paper, it is
best to add a little over weight, and then to remove the excess
by bibulous paper. If a piece of filtering paper be folded up
several times in the same direction it will form a loose rod,
the end of which being dipped into the fluid, rapidly imbibes
a quantity by its porosity and capillary attraction: when it
has arisen about an inch in the paper, which it will doinstantly,
if the moist piece be pulled off and the fresh end again im-
mersed, a second portion will be taken. Upon pulling off the
moist end, especially if done by a hard pinch extending slightly
over the dry part above, a ragged extremity is left, which by
a little management in dipping the paper into the fluid ob-
liquely, may have a pointed form given to it. This may be
used in removing either large or small quantities, and is very
convenient for the final adjustment of the weight: by allowing
only a few of the filaments which remain to enter the fluid, the
latter passes up slowly, and its quantity may be judged of by
the gradual progress of the moisture above ; so that with very
little trial the precise quantity required may be removed.
Such at least is the case with water and most aqueous solutions.
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With alcohol, fixed and volatile oils, it is not so, because the
imbibed part does not separate with particular facility from
the dry portion, or leave the useful filamentous edge spoken
of. The final adjustment is here, however, easily made by a
slip of paper folded once or twice, or by other means to be
described.

70. There is no difficulty in the rough adjustment of any
fluid ; for even when corrosive, the larger portions may be
removed by dipping into it a small capsule, or a spatula: in
these cases the final adjustment may be completed by taking
up the small remaining excess by means of a glass rod. Upon
dipping a rod into a fluid and withdrawing it rapidly, as much
as would be contained in three or four drops may be readily
and neatly removed; the rod being cleaned, more may be
taken away by the same process : as the quantity removed is
proportionate in some measure to the moistened surface of the
rod, it is evident that by using one which is conical at the end,
the smallest desired quantity may be taken up at once, and the
adjustment accurately effected.

71. One other mode of adjustment it may be well to men-
tion, leaving the many varieties which may be conveniently
devised as occasion may offer, for spontaneous suggestion. It
is sometimes necessary to weigh out a certain portion of a fluid,
which, from being a new product or ‘the result of a peculiar
experiment, and small in quantity, will not admit of the
slightest waste. A tube about the eighth or tenth of an inch
in diameter, drawn out to a capillary termination, is then very
convenient. If its fine extremity be immersed in the fluid,
a  which we will consider as in excess in the balance, capil-
lary attraction causes a portion of it to enter the tube ; if
enough be not removed, by inclining the tube, more will
enter in consequence of the diminished perpendicular
height of that within; if too much be removed by the
1 second insertion, an elevation of the tube into a position
more perpendicular will cause the passage of a portion
from it into the vessel; and in this way more or less
may be taken away and accurate adjustment obtained.
Should the fluid be tardy in its motion within, from the
dryness of the interior or smallness of the lower aperture, it
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may be helped while passing in or out, by applying the mouth
of the operator to the upper orifice; but this should be avoided
generally, lest any portion of moisture be introduced. When
it is necessary to lay the tube down, it may be placed in a
position nearly horizontal across a glass or ring (68), or any
ready support, the lower small extremity being out of contact
with any other substance. When the operation is finished,
the quantity which ultimately remains upon the tip of the tube,
the only part that has at any time been immersed, is so small
as to be no object, and this is the whole of the waste incurred.
The portion remaining within the capillary tube is to be re-
stored to what is left of the original quantity.

72. Peculiar management is required in estimating the
weight of certain substances which rapidly undergo change,
and are hence liable to alterations in weight during the time
occupied in the performance of the operation. Suppose, for
instance, it were necessary to weigh some hydrate of chlorine
obtained by compressing the moist crystals produced at tem-
peratures below 40°, within folds of cold bibulous paper; or
that the weight of hydrated chloride of calcium in crystals,
and dried in the same manner, by compression, were required ;
the first would evaporate in the air, and not only injure the
balance and neighbouring bodies, but also lose weight; and
the latter, by deliquescing, would gain weight ; both with such
rapidity as entirely to prevent the attainment of accuracy.
These effects will be completely avoided by transferring them,
not to the pan of the balance, but to a portion of water of
known weight, and ascertaining the increase of weight so occa-
sioned. In such a case, therefore, weigh or counterpoise a
portion of water in a test glass or basin, and then, the crystals
being prepared and dried by compression, transfer them
rapidly to the water, and ascertain their quantity by the in-
crease of weight; then proceed with the analysis or experi-
ment, using the solution in place of the crystals. It is evident
that an expedient of this kind has its limits, consisting In the
nature of the experiment to be made, and the action of the
water on the substances; but it is often very valuable, and
now and then removes a difficulty which could not otherwise
be surmounted. The choice of the substance which is to re-
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ceive the changeable body must depend upon circumstances,
and sometimes alcohol, sometimes water, and sometimes an acid,
alkaline, or neutral solution, is to be preferred.

73. It may here be observed, that as in many experiments
one quantity is equally convenient with another, so that it be
accurately known, we have the advantage in such cases of
avoiding any trouble dependant upon adjusting accurately the
quantity of matter, and obtain the same end by adjusting the
weights, the matter itself being left undisturbed. Thus if it
were wished to know how much chloride of silver would be
furnished by a given weight of crystalline hydrated chloride of
calcium, 76.43, or any other number of grains, would answer
the purpose as well as an accurate hundred, and the facility of
immersing the body in water as above described is obtained.
The particular cases where an opportunity of this kind, de-
pendant upon the adjustment of the substance or the weight
at pleasure, can be taken advantage of, must depend upon the
judgment of the experimenter.

74. Similarly changeable products, the weights of which
are required, are frequently produced in vessels, and especially
in tube operations. In such cases the method will be to coun-
terpoise or weigh the vessel and its contents, then to remove
the substance, and, éleaning the vessel, to ascertain the loss of
weight ; that being the weight of the substance. Wherever
such a course is necessary, the use of vessels that may be
cleaned without injury or change is evidently needful: hence
a great advantage of tubes and vessels of glass, or platinum
crucibles and capsules.

75. Substances which fume, and which may in consequence
cause injury to the balance, should be weighed in close vessels.
Of such kind are some of the acids, ammonia, and numerous
mixtures.

76. Small capillary tubes, made by drawing out a piece of
thin quill glass tube at the blowpipe, as hereafter to be de-
scribed (Sect. xx), are exceedingly convenient for the esti-
mation of minute quantities of valuable liquid products, or
el moderately but not excessively volatile

substances, such as cther, &c.: the tube
may be of the general form of that depictedin the woodcut, and
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of the same size or larger, as may be convenient ; having been
counterpoised, it is to be charged with the fluid to be weighed,
by dipping into it the smaller extremity, and inclining the
tube. When a sufficient quantity has entered by capillary
attraction, the tube is to be withdrawn, the small portion of
external moistened surface wiped, and the whole weighed,
care being taken that the end does mnot touch any substance,
for then the fluid may be drawn out. In this way the quantity
can be accurately ascertained, and then, that the experiment
may include all weighed, it will be found of advantage if the
tube, being of no consequence to the result, may be thrown
with its contents into the solvent, or added directly to the sub-
stance upon which the action is to take place: the tube itself
being broken up and disregarded.

7. Sometimes it is desirable hermetically to close one end or
even both ends of the tube charged as above; this is easily

done by having it of the annexed form,
=" T the capillary termination being rather
wider than the part a little above it. In this case, when the
tube is filled as far as is desirable, by inclining or inverting it,
the surface in the narrow part will leave the extremity, and
this being introduced for a moment into the flame of a spirit
lamp, will be effectually sealed; this done, the fluid is to a
great degree secured and rendered stationary in the tube, and,
if required, it is easy, by approaching the other end to a spirit
lamp, to soften the glass, draw it out, and seal it, in the man-
ner to be shewn hereafter.

8. Where in place of any particular weight, merely an
equal, double, or triple quantity of one substance is wanted to
be added to another, a convenient quantity of the one most
worthy of consideration may be put into one pan, and counter-
balanced once, twice, or thrice, by the other. In mixing dry
substances, or in making analyses with reference to the kind
rather than the weight of bodies present, this comparative
mode of estimation is frequently useful.

79. In most processes of weighing, the buoyancy of the air
is overlooked, and though, in consequence of the very superior
density of solid and fluid matter generally, as compared to the
atmosphere around us, errors thus introduced are usually
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unimportant, yet the chemist should be aware of its influence,
and alive to its possible interference. From the manner in
which gases are usually weighed, the error does not then exist,
but it 1s sometimes more considerable than would be expected
in experiments made with substances, at one time in the gase-
ous state, and at another in the liquid or solid form. The
production of water, for instance, from the combination of
oxygen and hydrogen, is an important experiment, and has
been often repeated ; the weight of the water should accurately
correspond with the weights of the gases combined. The
weights of the gases are in the usual method correctly ascer-
tained, but the weight of the water estimated in the usual
way is diminished by the buoyancy of the air, which in this
case amounting to about 15th part, would introduce an error
to that extent, were this effect not to be taken into account.

80. The determination of specific gravity is of constant
occurrence with the chemist, and though it resembles the
general operation of weighing, there are peculiarities connected
with it which require attention. It is not intended here to go
into a consideration of the general process, but, leaving that to
be obtained from elementary works, only to notice those
things which occasionally give rise to errors, or are necessary
to correct results. If the substance be a solid, the well-known
process of weighing it first in air and then in water, and
dividing the first weight by the loss in the second, is to be
followed ; and though here again minute errors are intro-
duced in consequence of the buoyancy of the air in the first
weighing, they are not of a nature to require attention in this
place.

81. Balances are expressly furnished with contrivances to
facilitate the immersion of the body in water, when required,
so that its weight may be ascertained in that position. The
substance which passes the surface of the water, supporting
the immersed body and connecting it with the scale beam, is
generally a horse hair, and for common purposes, it is perhaps
the best. When, however, a hydrostatic balance is not at
hand, and an ordinary balance is to be used for the purpose,
the suspending link has frequently to be selected from several
substitutes which present themselves in the laboratory. It
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should not be penetrable or alterable by the water; it should
not be thick ; it should not be weak. If it be the first, as a
piece of thread for instance, the quantity of water in it under-
goes continual variation in consequence of the difference of
immersion as the balance vibrates, and thus a change of weight
is occasioned in that which ought to be constant., If it be the
second, as a piece of string, it introduces errors of two kinds,
one dependent on the buoyant power of the water over the
part which is sometimes immersed and sometimes not, and
which if the same point were not always brought to the sur-
face of the water would act upon it, as it would upon the stem
of the hydrometer (103); the other dependant upon the
capillary attraction of the water, which, within certain limits,
would cause a larger elevation of the fluid round the string
when thick, than if it were small, and add a proportionate
weight to it.  If it were the third, it would present an obstacle
to the correction of the faults last mentioned, inasmuch as it
would not admit of being made thin for want of strength.

82. These errors become serious when they affect a small
body, a gem for instance, and in such cases, or wherever the
weight will admit of its application, a filament of unspun silk
is probably the best substance that can be used. It is unaf-
fected by the water; has scarcely any weight, or any buoy-
ancy given to it by immersion in the fluid, so minute is its
bulk ; it does not cause any sensible elevation of fluid round it
where it cuts the surface of the liquid, and retains no air-
bubbles. It has but little strength in consequence of excessive
tenuity, and therefore must not be pulled hastily or subjected
to sudden snatches.

83. When a silk fibre will not answer the purpose, or can-
not be obtained, a fine wire will very conveniently supply its
place; and it is only in cases of necessity that recourse should
be had to thread, fine twine, or any substance made up of
numerous fibres. But if some of the latter must answer the
purpose, then silk thread is better than any other, because of
its strength ; and what is called thrown silk, which consists of
a few fibres only, twisted together, is, when strong enough,
almost unobjectionable. In all these cases of substitution,
take that substance which, being of sufficient strength, is the
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thinnest and most compact, and in all cases it is desirable that
the mass of which the specific gravity is to be taken should be
as large as the line will safely support; for if a coarse sus-
pending thread be used in taking that of a small fragment, the
ervors relating to the thread, which are several in number,
affect the result much more importantly than if the operation
had been performed upon a large piece.

84. There are several points relative to the immersion of
the body in the water, which require attention. "The water
must be distilled for delicate experiments; but on ordmary
occasions, when that cannot be obtained, the lightest rain-
water may be substituted, or in common cases even well or
spring water of ascertained purity. Several wells are known,
amongst which are the deep ones of London, which supply
water as pureor purer than town rain-water. The temperature
of the water and the substance to be examined should be the
same, or otherwise currents will be produced, which to a slight
degree affect the results : indeed, all delicate experiments must
be made at onc particular temperature, and 60° Fahrenheit is
very convenient for the purpose. A considerable difference of
temperature at different times prevents the results from being
comparable with each other.

85. The body, as well as the various contrivances for its
suspension, constructed by the instrument makers, such as
pincers, forceps, &c., must of course be fully immersed in the
water. It should have at least half an inch of the fluid around
it in every direction, that perfect freedom of motion in the
balance may be obtained. All bubbles of air adhering to
it should be removed by a hair pencil. Water taken from
the bottom of any deep portion which has been exposed
to contact with the air for a length of time, will frequently
evolve bubbles, either spontaneously or upon the immersion of
a rough substance, in consequence of its relief from the pre-
viously superincumbent pressure. Spring-water drawn from
the bottom of a well will illustrate this effect, which is very
inconvenient when it happens with such water as is used for
taking specific gravities from the succession of bubbles pro-
duued Exposure to the air for an hour or two, or pouring it

E
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to and fro in a broken stream several times in the air, is a
remedy for the evil.

86. The oscillations of the balance, though much slower
than those which occur when the body is weighed in air,
should be quite free. Supposing the balance to be in good
order, and the body suspended with perfect liberty in the
water, neither touching any part of the vessel nor approaching
the surface, still serious obstructions may exist, especially when
the substance is small, the balance delicate, and the suspending
link thick. Suppose a horse-hair to be used for suspension,
which, from the manner in which it is wetted by the water,
causes a small depression on the surface of the fluid around it
as it descends, and a little elevation as it ascends. Such is a
very common effect, and is produced not only on the first
immersion and emersion of the hair, but is repeated at every
ascent and descent, within certain limits. It is evident that
this will very seriously retard the oscillations of a delicate
balance, and prevent its motion either one way or the other by
a force equal to the weight of the little elevation of water.
This may be partly corrected by tapping the vessel containing
the water, or the case of the balance, so as to occasion a slight
tremor. Whenever it happens, the equilibrium should not
be considered as obtained, unless the water have a plane surface
at the part where it surrounds the hair.

87. The substance used as a support always becomes wetted
by immersion in the water ; and in consequence of the extent
of oscillation, a portion of the wetted part is constantly out of
the water when the balance is poised. This affects the result
in two ways: first by the quantity of water which adheres to it,
and which varies in proportion as it has been immersed to a
greater or smaller depth, or as it is impervious to water like a
hair, or more or less porous like thread ; secondly, by the little
elevation of water which then exists round the line by capillary
attraction, and which is the same whether more or less of the
part above has been wetted. The weight of the water thus
raised above the surface is counterbalanced by an equal weight
in the opposite pan; thus an error to that extent is intro-
duced, which, though generally small, may, from ignorance,
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inattention, or the minute size of the piece operated with, at
times become important.

88. Although the suspending line may have been very accu-
rately compensated in the air, before the body to be immersed
in water was attached to it, yet when partly immersed during
the progress of the experiment, the counterpoise is no longer
its equivalent, the part immersed being buoyed up by a foree
equal to the weight of the water which it displaces ; and this,
with a large horse-hair, or a still.coarser line of suspension,
would be important. It may be estimated, as well also as the
effect of the little elevation of water before spoken of, after the
weighing has been finished, by removing the body, again
immersing the hair to the same depth as before, allowing it to
be wetted to the same degree, and seeing how much it dlﬂ'ers
from its weight when freely suspended in a dry state in the
air. Balances which are fitted up with apparatus for hydro-
statical experiments have counterpoises for the suspending
parts, both when in and out of the water; which might be
made perfectly accurate were the surface of the water always
brought to the same place upon the buspendmg line.

All these errors are lessened by diminution in the size of the
suspension line; and when that is a silk filament, they almost
disappear. Hence the great use of this substance in delicate
experiments, as those made with small gems, minute globules
of metal, or other rare substances.

89. When the substance of which the specific gravity is to
be taken is soluble in water, some other fluid of known specific
gravity must be used, which does not dissolve it. There
are very few cases which may not be met by alcohol, oil of
turpentine, or olive oil.

90. Not unusually, the body to be examined is porous like
coke, or divided, as in sand or powders, into numerous parts.
In these cases, a beautiful instrument in principle has been
devised by M. Say*, in which soluble as well as insoluble
substances may be tried, provided they do not give off vapour;
and the only precautions necessary are to prevent the existence

* Annales de Chimie, xxm, p. 1; or Nicholson’s Quart. Journ., vel. i,
p- 325.
E 2
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of cavities uncomnected with the air, and to destroy such
minute cellular structures as, like that of charcoal, have the
power of absorbing gases or vapours. It is proper, therefore,
to reduce the substance to solid fragments, by breaking it down
coarsely, or pulverizing it more or less in a mortar.

91. Mr. Leslie, who at a much later period thought he had
invented the instrument, published an account from which
the following description is taken. It consists of a glass tube,
a e, about three feet long, and open at both ends. The wide

part, @ b, is about 4-10ths of an inch in dia-
78 1 meter ; the part b e, 2-10ths. The two parts
communicate at b by an extremely fine slit,
which suffers air to pass, but retains sand or
—  powder. The mouth at a is ground smooth,
and can be shut so as to be air-tight, by a small
glass plate, £. The substance whose specific
" gravity we wish to find (suppose it to be sand)
is put into the wide part of the tube, a b, which
may either be filled to the top or mot. The
tube being then held in a vertical position, has
the narrow part immersed in mercury, contained
' in an open vessel, till the metal rises within to
the gorge b. Thelid is then fitted on air-tight, at . In this
state it is evident there is no air in the tube, except that mixed
with the sand in the cavity ¢ b. Suppose the barometer at the
time to stand at 30 inches, and that the tube is lifted perpen-
dicularly till the mercury stands in the inside of b e, at a point
¢, 15 inches (or one half 80) above its surface in the open
vessel, it is evident then that the air in the inside of the tube
is subjected to a pressure of exactly half an atmosphere, and
of course it dilates, and fills precisely twice the space it origi-
nally occupied. It follows, too, that since the air is dilated to
twice its bulk, the cavity a b contains just half of what it did
at first; and the cavity b ¢, now containing the other half, the
quantity of air in each of these parts of the tube is equal:
in other words, the quantity of air in b ¢ is exactly equal to
what is mixed with the sand in « b, and occupies precisely the
same space which the whole occupied before its dilation. Let
us now suppose the sand to be taken out, and the same experi-

b

e
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ment repeated—but with this difference, that the cavity a b is
filled with air only. It is obvious that the quantity being
greater, it will, when dilated to double the bulk under a pres-
sure of 15 inches, occupy a larger space, and the mercury will
rise, let us suppose only, to d. But the attenuated air in the
narrow tube always occupies exactly the space which the whole
occupied at ordinary atmospheric pressure; and this space,
therefore, is in the one case b ¢, and in the other b d. Hence
it follows, that the cavity ¢ d, which is the difference between
these, is equal to the bulk of the solid matter in the sand.
Now, by marking the number of grains of water held by the
narrow tube b e on a graduated scale attached to it, we can
find at once what is the weight of a quantity of water equal
in bulk to the solid matter in the sand, and by comparing
this with the weight of the sand, we have its true specific
gravity.

When this apparatus is not at hand, and the substance is in
small pieces, it must be supported in the usual way by a cup,
which is of course to be counterpoised first in air and then
in water, exactly as was described with the line or retaining
forceps before mentioned.

92. The specific gravity of fluids is ascertained by weighing
equal bulks of them at the balance, or by the immersion of
hydrometers or bulbs—bodies which, by their floating or
sinking, indicate the comparative weights of the substances
into which they are introduced. Bottles'are usually provided
by the instrument maker as measures of the bulk of fluid to be
weighed ; these are arranged to hold a given quantity of dis-
tilled water expressible by weight, in round numbers, as 1000,
800, 500, 280 grains, &c., and are closed by a ground stopper.
The ultimate adjustment is effected by removing portions
from the lower surface of the stopper, so that when the bottle
is filled with water, and the stopper put into its place, the
quantity which remains in, and entirely fills the bottle, is of
the bulk required. The stoppers, instead of being solid, are
sometimes made of a piece of thick thermometer tube of fine
bore, the intention being to afford a free passage for the excess
of fluid when the stopper is forced into its place. This answers
the purpose very well with water and less volatile fluids, though
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it is not necessary; but with very volatile fluids, as alcohol,
ether, &c., it occasions an evil. It does not merely afford a
small surface for evaporation, but, in consequence of the
impossibility of grinding a stopper so accurately that when in
its place it shall not let a little of these limpid fluids pass,
actually accelerates the evaporation; for the ether, for instance,
passing by capillary attraction between the stopper and the
bottle, evaporates round the edge, whilst the air enters in a
constant succession of bubbles by the centre passage, and thus
a rapid diminution in the bulk of the fluid takes place;
whereas if the bottle had been closed by a solid stopper,
although the minute ring of fluid round the top would evapo-
rate, no more would be able to rise, because air could not
enter to supply its place, and the bulk would be compara-
tively unchanged.

98. Specific gravity bottles are constructed of various sizes,
and are each accompanied by a weight, which counterpoises
the bottle full of distilled water, the quantity of water required
for the purpose having been ascertained and marked upon it.
All that is required in estimating the specific gravity of any
other fluid is, to fill the bottle with it, to ascertain its weight
by observing how much heavier or lighter it is than the weight
furnished with the instrument, and adding and subtracting
accordingly ; the result, divided by the weight of water,
will be the specific gravity. It is necessary, in these experi-
ments, that the temperature be observed, or rather, indeed,
when convenient, that they be made at the same temperature,
or it will not be possible to compare them unless previously
corrected by calculation, which would in many cases be diffi-
cult. For the same reason it is requisite that the bottle should
not be handled by uncovered hands, lest heat be communicated
to it, and its bulk and the volume of the fluid within be
affected: but upon introducing the stopper, the overflow of
liquid should be wiped off with a clean cloth, which may be
used at the same time to prevent contact with the hands; and
in transferring it to the balance, the fingers should be defended
in a similar way : or if this be difficult, from any particular
circumstance, they must not on any occasion touch more than
the thick rim of glass round the stopper,



Sect. II.] VERIFICATION OF SPECIFIC GRAVITY BOTTLES. 55

94. It is further necessary that the bottle contain nothing
but the particular substance to be weighed. To insure this
point, it is requisite that it be washed out after every experi-
ment, the last two or three rinsings being made with distilled
water ; if it be then dried, nothing more remains to he done,
upon the performance of a new experiment, than to put in the
liquid and to weigh. But as it is inconvenient and unnecessary
at all times to dry the bottle, as when the specific gravity of
several solutions are to be taken in succession, it may, on such
occasions, be left moist ‘within ; and then, at the next experi-
ment, if the substance to be operated with is abundant, and
one that mixes with water, as a mineral water, alcchol, or an
aqueous solution, all that is necessary is, that the bottle should
be rinsed with it two or three times before it be filled for
weighing. If it be a substance that is scarce, or oily, or that
will not mix with water, the bottle must be washed and dried.

95. Instruments procured from the maker should be verified
by the purchaser before they are used. For this purpose the
bottle and stopper should be well cleaned and dried, and, being
brought to the temperature of 62° Fahrenheit, should be coun-
terpoised. The bottle must next be carefully filled with pure
water at 62°, and the increase of weight ascertained ; this is
the weight of the water, and should correspond with that
marked on the weight or the stopper: finally, the counterpoise
and water, weighed together, should exactly balance the weight
sent with the bottle. If the maker graduates the bottles at
any other temperature than 62>, it is useless to expect an exact
accordance with estlmates made at 62°, but he should always
do it at a known and constant temperature, with which the
purchaser should be acquainted ; and that of 62° Fahrenheit
is for several reasons better than any other.

96. The directions given for the verification of a bottle
made purposely for the estimation of specific gravities of
liquids, will easily enable a person to supply its want. He has
but to select a small well-stoppered phial of convenient capacity,
to clean, dry, and weigh it, and then to ascertain, as before,
how much water it will hold; the weight of this water will be
a divisor, and the weight of any other fluid filling it, a

dividend ; the quotient will be the specific grav1ty of the latter
fluid.
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97. Small bulbs blown out of glass
tube, or even small thermometer bulbs,
like those figured in the margin, are often
useful in estimating the specific gravity
of rare fluid products. The little bulb
Z represented in the tube is easily made, as
is hereafter to be shown (1198); and
having been counterpoised and furnished
/ with a temporary handle, by coiling a
piece of platina wire round it, may be
warmed by a spirit lamp, and then dipped
into the fluid in the tube; as it cools, a portion will enter; upon
removing, rewarming, and reimmersing it, a second portion
may be introduced by the same mode of proceeding ; a small
bubble of air will ultimately remain within, but this may be
expelled by warming the fluid in the tube with the bulb im-
mersed in the state in which it is represented in the engraving ;
the liquid will expand by the heat, and force out a part of the
air; then by immersing the bottom of the tube in water to
lower the temperature as contraction takes place, the fluid will
enter the bulb. A second or third performance of the heating
and cooling process will effectually fill the vessel with liquid.

98. The filling of bulbs in this manner is very often required
in certain trains of research, and amongst others in organic
analysis. Hence it is necessary to point out one or two cir-
cumstances requiring attention in the operation. When the
bulb is about four-fifths full, and the attempt is made to fill
it by applying heat whilst it is immersed in the liquid, it will
perhaps be found that the bubble of air expands and contracts
as its temperature changes, but does not go out of the vessel ;
the fluid which enters remaining, by capillary attraction, in the

narrower part of the top, and consequently passing out
again upon the re-elevation of temperature. But in
such a case it is necessary, before the heat is applied,
to make this portion of the fluid and the air change
Places, which is easily done: for this purpose the tube,
with its contents, should be held by the upper part,
and suffered to hang as it were below the hand; a
swing of a foot or two in extent should then be given to it, so
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as to produce centrifugal force; all the fluid will descend
except that which is contained in the narrowest part of the
neck, and the air will take its place; the tube and bulb should
then be heated to expel more air, and fresh fluid suffered to
enter, which is to be treated in the same way if required. If
anything renders it inexpedient to subject the whole tube to
this motion, the bulb can be withdrawn, and being held by the
wire or in the hand, can then be shaken in the same way and
with the same effect.

99. In the next place the fluid may be
volatile, and - subject to waste by repeated
elevations of temperature in an open tube;
but in such circumstances it is easy to close
the tube effectually by the fore finger of the
left hand, whilst the thumb and second finger
are occupied in holding it (919) : the heating
and cooling are then to be performed without
allowing the end to be unclosed, and no
waste is occasioned.

100. This point of manipulation will require a little prac-
tice to -allow of all the advantage being derived from it which
it is capable of affording in other operations; but when required,
a volatile fluid, ether for example, may be heated until its
vapour has a force of two or even three atmospheres, if the
tube be strong enough, and be retained there for a quarter of
an hour, or more, without any loss. The portion of common
air in the tube is to be allowed to escape or not, according to
circumstances (919), and may be made use of at times, as will
be found by practice, to prevent the accession of heat to the
fingers.

101. Returning to the fluid with which the bulb has been
filled :—upon removing the latter when cold, allow its exterior
to drain as much as possible; the wire must then be taken off,
the surface wiped, and the bulb put upon a cork stand (67),
and weighed. As the vessel will then be required full of water,
it must be emptied of the fluid. Replace the wire handle,
invert the bulb, holding its aperture within the mouth of the
tube to which its contents are to be vestored, and apply a
little heat ; a part of the liquid will be forced out, or indeca
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the whole if it be volatile; if not, on cooling, a bubble of air
will enter, and a second and third application of heat will dis-
place the whole of the contents. On introducing a portion of
water and displacing it, and repeating this two or three times,
the bulb will be sufficiently cleansed, may then be filled en-
tirely with water, and weighed when cold as before. The
weights of equal bulks of the fluid and water are now known,
and the specific gravity readily obtained by calculation.

102. Although the process has been described in this order,
it is generally better, after weighing the bulb, to introduce the
water and obtain its weight first, and then that of the peculiar
fluid ; for if an accident happens in the water experiment, and
the bulb is destroyed, it does not involve a repetition of the
process with the valuable liquid.  Further, it is easy at all
times to free the bulb from the water of the first part of the
process, but not always so to dissipaté the remains of peculiar
substances which may be decomposable by heat or not soluble
in'water. The bulb may be emptied of water by first throw-
ing out .the, larger part as already described, then heating it
over the flame of a spirit lamp, or in hot air, to convert the
rest of the moisture into vapour, and either retaining it there
some time, or, if that be inconvenient, allowing it to cool, that
the vapour may condense and the air enter. ~ A second appli-
cation of heat, at the same time that it converts the remaining
water into steam, throws out a portion with the expelled air;
being cooled and again heated a few times, the bulb is soon
effectually dried. The process may be expedited by cooling
a part near the mouth first, which is easxly done by touchmw
it with a cold substance (1856), and causing the principal con-
densation of moisture there, and then also heating the same
part first ; in this way the air carries out the water in fewer
operations, but these facilities are only to be learned and
appreciated by practice. In all exposures of the bulb to heat,
in experiments relating to specific gravity, especial care must
be taken that the heat is not such as to soften the glass
after one of the fluids has been weighed, “for in that case
the form and- size of the vessel will be altered, the process
must be recommenced, and the previous trouble will be utterly
useless.
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103. The specific gravity of fluids is frequently
ascertained by the hydrometer, a well-known instru-
ment, which is of great service where hasty estimates
of only moderate accuracy are required; but it will
not give correct or even uniformly incorrect results
without attention. 'The stem being the part which
cuts the surface of the liquid, resembles in that respeet
the suspending link used in taking the specific gravity
of solids (87, &c.), and is liable to be affected in a
similar way, but in many cases to a much greater
extent, because of its necessary thickness. If its sur-
face does not moisten freely with the fluid in which it
floats, it will be found easy, upon trial, to make the hydrometer
stand two or three degrees, or more, higher or lower in the
same liquid ; and when the hydrometer does readily become
wetted, and has even had the stem purposely moistened, the
same effect may be produced, and that not in fluids particularly
viscid, but in water and aqueous solutions:—hence a source
of irregularity in the indications of the instrument, which must
be avoided as much as possible.  For this purpose, keep the
hydrometer perfectly clean, and free from any unctuous or
greasy matter which might be the consequence of handling it.
When put into the fluid it should be allowed to sink gradually
till at rest, and then be depressed about an inch lower, which
will give it an ascending power, and moisten a certain portion
of the stem ; the jar containing the fluid is to be tapped to
cause vibration, and the instrument allowed again to take a
state of rest, when its position should be observed. The instru-
ment should then be raised about half an inch out of the fluid,
and, tapping the jar as before, suffered to sink slowly, and
observed whether it takes the same position it occupied at first ;
if it does, the observation is as correct in this respect as it
can be, :

104. If the fluid be viscid, the liability of inaccuracy in this.
instrument is increased, both by the difficulty with which it
sinks or rises to the point to which its mere weight would carry
it, and also by the greater quantity which adheres to the part
of the stem that, having been immersed, is afterwards raised
above the surface. If the fluid be turbid, it is not the gravity
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of the suspending fluid itself that is obtained, but of the liquid
so laden with other matter.. Some precipitates will be days,
and even weeks, before they will settle from the fluid in which
they are formed, and yet are so heavy as very materially to
increase the specific gravity of the whole ; and M. P. 8. Girard
has stated*, that a peculiar molccular attraction exists between
such particles in the fluid as to buoy up the hydrometer by a
force, not merely equal to the increased weight, but considerably
surpassing it. Brewers and other persons frequently require
the specific gravity of a mixture of solid and fluid matter—
their object being, by the buoyance of the hydrometer, to esti-
mate the former as well as the latter; but if the effect here
noticed exists, a source of error is intrcduced of which
they take no account, unless, indeed, their instruments be
graduated by experiment with fluids similar to those they
wish afterwards to examine. It is probably, however, so
small, as to be of no importance in their comparatively rough
estimates.

105. In all experiments made with the hydrometer, an ascent
of the fluid will take place round the stem, producing the
elevation before mentioned (87). This occasions a eurve in
the surface, and some persons read off the graduation on the
stem, where it coincides with the middle of this curve—others
at the top, and others again at the bottom. It is necessary,
for the sake of consistent observations, always to read off from
the same part of the curve; and if the instrument has been
graduated by experiment, the divisions being made with re-
ference to the part of the curve from which they are afterwards
to be read, it will so far be correct. As the force which causes
the elevation tends to depress the instrument in the fluid,
observations made at the bottom of the curve will be nearer
to the truth than those made at the top. But the curve itself
varies, not merely in size, because of differences in the weight
or specific gravity of the fluid, but in weight also, because of
differences in the eohesive attraetion of different fluids.

106. Amongst other points relative to the state of the fluid,
temperature should not be forgotten ; constancy in this respect

* On Liquid Atmospheres and fheir Tufluence on the Sclid Particles they en-
velop—Mémoires de I'Académie Royale, iv., 1819, 1820,
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being as important as in experiments made with the bottle,
(93—95.)

107. The hydrometer, when first procured, should be veri-
fied by trial in solutions of which the specific gravity has been
ascertained by the bottle. It is not necessary to make many
trials of this kind, its verification being more readily effected
in the following manner. First, ascertain with two fluids of
different specific gravities, that one indication towards each
end of the scale is correct. Then, suspending the hydrometer
from the pan on one side of a balance, let it descend into a
solution as light, or lighter than any to be measured on the
scale, but buoying it up by weights in the other pan, so that
the surface of the fluids shall cut the scale at the lower part.
Make equal additions of weight in succession to the pan from
which the hydrometer is suspended, and observe the descent
each time: if they are equal, as read off on the scale, then the
divisions are equal in bulk, and the graduation is correct ; if
unequal, the graduation is ineorrect, and would not eorrespond
with the results obtained by the specific gravity bottle. The
more numerous the points thus observed, that is, the smaller
the weight added each time, the more accurate and close is
the trial*,

108. A solid glass ball, or bulbs of glass, are frequently used
for ascertaining the specific gravity of fluids. If a ball of
glass suspended from the balance be wholly immersed in a
liquid, it will be buoyed up by a force equal to the weight of
the liquid it displaces, and seem to lose weight to that amount.
By being immersed, therefore, in succession into different
liquids, the weights of equal volumes are thus obtained, for
the ball measures out the volume each time, and the specific
gravities are then known. 'The precautions here required are
the same as those belonging to the experiments on the specific
gravity of solid bodies. (81—88.)

109. Sometimes several hollow bulbs of different specific
gravities are used ; those which are too heavy sinking, and
those which are too light floating. The proper strength of
some solutions evaporated in the large way is thus estimated.

* See Moore on the Graduation of the HHydrometer; Dublin Philosophical
Journal,
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Sea-water, for instance, in salt-works, is concentrated by expo-
sure to air, until it has such a specific gravity, that, of two
previously-arranged glass bulbs, one will sink and the other
swim. Their use in chemical research is rare ; but an excellent
instance of the delicacy with which the principle may in some
cases be applied, as also a specimen of useful manipulation,
may be found in Mr. Crichton’s paper on the maximum den-
sity of water *,

110. Another instance of the application of similar bulbs to
the determination of specific gravity, when no other means
were available, occurs with respect to the liquids produced by
the condensation of gases+. The bulbs used were very small,
and made as hereafter to be described (1199). Their specific
gravities were ascertained by putting them into different solu-
tions of known specific gravity, and the bulbs thus prepared
were introduced into the vessels in which the gases were to
be liberated or condensed. When surrcunded by the fluid,
its density was in some degree judged of by the sinking or
swimming of the included bulb, and then by successive trials
with heavier or lighter bulbs, more accurately ascertained.

111. Substitutes for a balance, though not often required,
are, in particular situations, very valuable, and there are few
philosophic travellers who have not felt this want. Mr. Bevan
recommends for this purpose a strung bow J, which, if not at
hand, may generally be made out of a piece of whalebone, a
stick, or other substance, and which, being suspended by the
middle of the bow, is to have the body to be weighed attached
to the middle of the string. The flexure occasioned by it is
to be observed, which will best be done by marking the point
to which that part of the string from which the body hangs,
descends : then removing the substance and replacing it by
weights, sufficient are to be used to cause the same flexure,
and thus the weight of the substance will be obtained. An
elastic beam, stick, or other body, firmly fixed at one end,
and loaded at the other with the substance and the weights in
succession, will answer the same purpose; and the means of

* Annals of Philosophy, New Series, v.401.
+ Philosophical Transactions, 1823, p. 191,
1 Technical Repository, vi, 196.
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making a temporary scale-pan, to receive the substance and
the weights, and a graduation to measure its descent, are so
simple and evident as not to require description.

112. The following account of a very delicate and easily
constructed balance is from a letter written by Dr. Black to
Mr. Smithson *, and is a valuable piece of information to those
who, having occasion for, are deprived of the use of, a good
balance. ¢ The apparatus I use for weighing small globules
of metal, or the like, is as follows: a thin piece of fir-wood,
not thicker than a shilling, and a foot long, 0.3 of an inch
broad in the middle, and 0.15 of an inch at each end, is
divided by transverse lines into 20 parts, that is, 10 parts on
each side of the middle. These are the principal divisions,
and each of them is subdivided into halves and quarters.
Across the middle is fixed one of the smallest needles I could
procure, to serve as an axis, and it is fitted in its place by
means of a little sealing-wax. The numeration of the divi-
sions is from the middle to each end of the beam. The ful-
crum is a bit of brass plate, the middle of which lies flat on
my table when I use the balance, and the two ends are bent up
to a right angle so as to stand upright. These two ends are
ground at the same time on a flat hone, that the extreme sur-
faces of them may be in the same plane ; and their distance is
such that the needle, when laid across them, rests on them at a
small distance from the sides of the beam. They rise above
the surface of the table only 11 or 2-10ths of an inch, so that
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the beam is very limited in its play. The weights I use are
one globule of gold which weighs one grain, and two or three
others which weigh one-tenth of a grain each; and also a
number of small rings of fine brass wire, made in the manner
first mentioned by Mr. Lewis, by appending a weight to the
wire, and coiling it with the tension of that weight round a
thicker brass wire in a close spiral, after which the extremity
of the spiral being tied hard with waxed thread, I put the
covered wire in a vice, and applying a sharp knife, which is

* Annals of Philosopby, New Series, x, 52.
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struck with a hammer, I cut through a great number of the
coils at one stroke, and find them as exactly equal to one
another as can be desired. Those I use happen to be the
one-thirtieth part of a grain each, or 800 of them weigh 10
grains, but I have others much lighter.

¢ You will perceive that, by means of these weights placed
on different parts of the beam, I can learn the weight of any
little mass, from one grain or a little more to the 174, of a
grain. For if the thing to be weighed weighs one grain, it
will, when placed on one extremity of the beam, counterpoise
the large gold weight at the other extremity ;—if it weigh half
a grain, it will counterpoise the heavy gold weight placed at
5;—if it weigh 0.6 of a grain, you must place the heavy
gold weight at 5, and one of the lighter ones at the extremity
to counterpoise it ; and if it weighs only one, or two, or three,
or four hundredths of a grain, it will be counterpoised by one
of the small gold weights placed at the first, or second, or
third, or fourth division;—if, on the contrary, it weigh one
grain and a fraction, it will be counterpoised by the heavy
gold weight at the extremity, and one or more of the lighter
ones placed on some other part of the beam.

¢ This beam has served me hitherto for every purpose; but
had I occasion for a more delicate one, I could make it easily
by taking a much thinner and lighter slip of wood, and grinding
the needle to give it an edge. It would also be easy to make.
it carry small scales of paper for particular purposes;’ the
fulerum being then placed on a steol or any other support that
is horizontal, raised, and narrow.

113. Mr. Ritchie has also contrived a very cheap and deli-
cate balance. It consists of a slender beam of wood, about 18
or 24 inches long, tapering a little from the middle to each
end. A fulcrum of tempered steel, resembling the blade of a
penknife, is made to pass through the middle of the beam a
little above the centre of gravity. Similar steel blades are
also made to pass through the ends of the beam for suspending
the scales. The fulecrum rests on two small portions of ther-
mometer tube, fixed horizontally on an upright wooden sup-
port, held firmly by a foot ; the support has a slit passing along
the middle, to allow the indicating needle attached to the beam
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beneath the centre of gravity to play freely between the sides.
A small scale made of card, and divided into any number of
equal parts, is placed on the support for the purpose of ascer-
taining the point at which the needle becomes stationary.
This balance, Mr. Ritchie says, possesses extreme delicacy,
and may be made even more sensible than that belonging to
the Royal Society of London,

The equality of the two ends is not a necessary consider-
ation, according to the method of double weighing referred to
before, and invented by Borda. To weigh with the balance,
let the body be placed in one of the scales, and bring the indi-
cating needle to any point by small shot placed in the other
scale, remove the body and replace it by as many known weights
as will bring the needle to the former position. These weights
give the weight of the body*.

114. In weighing with these balances, or generally with
such as are a little out of order, the weights should be ap-
plied and ascertained on the same side with the substance,
that irregularities of action may be avoided as much as pos-
sible.  Thus, the substance to be weighed should be put into
one pan, and counterpoised by any convenient thing, as sand,
in the other; after which, removing the substance, its place
is to be supplied by weights, until an exactly equal effect is
produced, when of course the amount of the weights used
will be the weight of the substance. Or if a given quantity be
wanted, first counterpoise the weight, and afterwards replace
it by the substance to be weighed. Inequality in the arms is
thus compensated.

115, Substitutes for weights, should they ever be required,
may be made by means of a balance in one or two ways.
Pieces of metal or other convenient substances may be adjusted
to have equal, double, triple, or any other proportion of weight,
to a standard piece, and, being used as weights at the time,
will give proportionate results; or if results comparable with
other weights are required, their value may be estimated by
actual comparison at a future convenient opportunity. Such
regular weights, of considerable accuracy, are easily obtained,
by cutting off equal or given lengths of a copper wire, the

* Brewster’s Journal, v, 118,
F
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wire being of such thickness that at least half an inch in length
may be allowed for the smallest weight: its uniform thickness
should be ascertained by trying the first and the last weight
cut off against each other. Occasionally the products obtained
from experiments may be balanced by pieces of lead, which
are to be weighed when an opportunity occurs, and the results
numerically estimated.

116. A method of making small weights has been already
described in Dr. Black’s letter (112), but Mr. Smithson finds
it preferable, first to ascertain the weight of a certain length
of wire, and then to take that portion “of it which may suffice
for the weight wanted. If fine wire is employed, a set of small
weights may be thus made with great accuracy and ease.
Inconvenience from the length of the wire in the higher
weights is obviated by rolling it round a cylindrical body into
a ring, and twisting this to a cord*.

117. The following relative table of different weights will be
frequently used in the laboratory.

Grains.

Pound avoirdupoise ............... 7000
Ounce avoirdupoise ............... 437.5
Pound troy

Ounce troy

Gramme .................. .
Decigramme .5406
Centigramme 0.1540
Milligramme 0.0154

Section III.
MEASURES—MEASURING.

118. OrpINaRY laboratory service requires no other measures
than such as are fitted to ascertain the bulk of liquids or gases.
Hence two integers are abundantly sufficient, the pint and the
cubic inch. The pint measures may be such as are furnished
in commerce, either conical, cylindrical, or of any other form,

* Annals of Philosophy, New Series, x, 53.
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and of glass, and graduated : but they should always be verified
before they are permitted to pass into use. Where the same
measure is used for large as well as small quantities, those which
are conical have an advantage in the smaller divisions over
such as are cylindrical, the surfaces of small quantities being
less, and consequently the bulks more accurately determined ;
but it is better to have two or three measures of different sizes,
varying in diameter, for different quantities. 'The wine pint
measure has been usually divided into sixteen parts, each being
called a fluid ounce, and liquids were frequently measured by
these ounce volumes, which in such bulk weighed more or less
than an ounce. The standard or imperial pint now to be used is
larger than the wine pint, in the ratio of 6: 5 (154). Itis to be
divided into twenty parts, to be called fluid ounces ; these will
not be the same exactly with the former fluid ounces, but will
have the great advantage, when estimated with distilled water,
of weighing an exact ounce avoirdupoise. The measure should
be graduated in two places on opposite sides, that when the
volume of a fluid is to be determined, its surface may,
for greater accuracy, be observed by both graduations.
E A pint, a half pint, and a quarter pint measure, of
t| the form and relative dimensions as to height and
E diameter of the one figured in the wood-cut, should be
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in the laboratory. It is also useful to have a gradu-
ation on the vessels in cubic inches, this being done on
both sides at equal distances from the former gradu-
ations.
. These measures should be graduated according to the
late parliamentary standard, by which the pint is ascertained
to consist of 8750 grains of water at 62° Fahrenheit, barometer
at 30 inches ; and the cubic inch of 252.458 grains of water,
at the same temperature and pressure. They are verified by
being counterpoised (64),and having these quantities of water,
or their multiples, or divisions, weighed into them, and the
coincidence of the surface of the liquid and its corresponding
mark noted. If they do not agree, a slight scratch should be
made with a diamond or file, at the place where the mark
ought to be (132). ’ :

120. Preparatory to the use of these vessels, one particular
F2
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place upon a table or shelf should be selected, which is flat,
firm, and should generally be kept clear of other things for
this purpose alone. The measure, when placed upon it, should
stand steady and perfectly upright. In the verification, it
will be necessary to observe, that when the measure containing
the weighed quantity of water is placed in this situation, the
surface of the fluid should coincide both with the graduation
on the near, and also on the farther side: this is best seen by
bringing the eye to alevel with the surface; and still further
security is gained as to the right position of the measure, if
the water stand at equal heights on the lateral graduations of
the denomination not immediately in use. In measuring at
any future time, similar precautions should be observed, and
these will require attention the more imperatively, if from any
circumstance one particular spot is not selected, as above ad-
vised, but, on the contrary, any part of the table used.

121. With liquids which moisten the glass, an elevation of
the fluid round its surface in contact with the vessel will take
place. The measurement, except in minute vessels, will be
most accurately made, if taken from the general surface of the
fluid, and not from the middle or top of the elevation (769);
but it is essentially necessary that it be always made in the
same way as that adopted in the verification of the measures.
‘With mercury there will be a depression round the glass instead
of an elevation, except in particular circumstances. It is here
again most correct to make the estimate from the general
surface of the fluid.

122. When very accurate measurement is desirable, as in
the analysis of a mineral water, it is better to perform it in a

o  globular vessel having a glass neck, and of such ca-

‘ pacity as to be filled partly up the neck by a weighed

J pint or half pint of water at 62°; the exact place

being then marked with a diamond or file. So little

surface is left at the place where the bulk is estimated,

that scarcely any variation can occur in that respect ;
and if the measurements be made at a constant temperature,
they are very accurate. Two such measures, a pint and a
half-pint, will be sufficient. *Small quantities are generally
more accurately determined by weight than by measure,
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123. Three jugs, of half a pint, a pint, and a quart, will be
found of great service for ordinary use.

124. The cubic inch, with its divisions and multiples, is
used both for liquids and gases. For exclusive liquid use,
the cubic inch graduation on the vessels already mentioned,
will suffice ; those to be described, will serve generally for both
forms of matter.

125, Bottles are sold by the instrument makers, which con-

tain an exact cubic inch when the stopper is
ﬁ put into its place. T'ubes also of similar capa-
r| city, and supplied with a ground stopper, are

| manufactured with a graduation on the side,

I by which the subdivision is carried to tenths

| and twentieths, and even farther if necessary.

Whether these are in the laboratory or not,

there should be, at all events, a few jars and

tubes accurately graduated into cubic inches,

tenths, and hundredths; one jar may be about

two inches in diameter and six inches high ;

another about an inch in diameter, and of the

same height; a third, which will be almost a

tube, half an inch in diameter, and eight or

nine inches long; and a fourth of the same

length, but still smaller. These should be

moderately thick, so as, when filled with mercury, to bear the
weight of that metal, and sustain laboratery use, without great
risk of breaking : they should be ground at the ends, so as to
be closed accurately by a flat piece of glass (1848). It will be
sufficient that the smaller vessels be graduated on one side only,
but it is better that, when the diameter is an inch and a half or
more, they should be graduated upon opposite sides, for the pur-
pose of observing more accurately, as before explained (120).

126. All these measures should be verified by weighing
into them successive portions of water or mercury. A cubic
inch of water at 62° weighs, as before mentioned, 252.458 grains,
and a cubic inch of mercury at the same temperature 3425.35
grains*, Water is very convenient for the estimation down

* This assumes the specific gravity of mercury as 13.568, which is what I find
purc mercury to possess at 62° Fahrenheit. Sir H. Davy makes it heavier. Of



70 GRADUATION OF VESSELS—OF TUBES. [Seet. ITL.

to the cubic inch, and some divisions below it ; but for the
tenths, and’ especially the hundredths, mercury is far more
exact and expeditious.

127. It is frequently necessary to graduate vessels, and
especially tubes, in the laboratory. The general method of
doing this will be easily understood from what has been said
with regard to the verification of measures bought of the
maker; but there are some facilities in the practice which will
require description. Tubes are generally in use for the mea-
surement of gas at the mercurial trough, and should be several
in number, and of different diameters, to afford opportunity
for a graduation more or less minute. The laboratory is but
poorly stocked that has not a dozen of them. They should
not be less than the one-fifteenth of an inch in thickness when
of a diameter smaller than half an inch, and thicker if wider.
The closed ends should be of equal thickness with the sides,
and should be round, not pointed.

128. The marks on vessels graduated by the instrument-
maker are cut by the glass-grinder’s wheel, but in the labora-
tory they are made with “simpler instruments. A gun-flint is
convenient for scratching on the surface of' glass. Fragments
of diamond are also set in handles for the same purpose; they
are not intended to cut, but merely to abrade or roughen the
surface, and are called scratching or writing diamonds (974).
Small three-square files, about half an inch wide on each side,
are so useful in the laboratory for marking on convex surfaces
of glass or for cutting tubes (1152), that they cannot be dis-
pensed with,

129. Having selected the tube, first draw a line upon it
from top to bottom. This is easily done by laying the tube
upon the table, against the edge of a flat slip of wood or a ruler,
and drawing either the flint or scratching diamond down it
where it rests against the ruler, bearing as it were into the
angle formed by the ruler and the surface of the tube. The
line should not be broad and rough, but regular, neat, and
straight. The tube is now to be balanced by a counterpoise
(64), and is then ready to receive the successive portions of

course any metal likely to enter as impurity info mercury would render it
lighter.
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mercury, by which equal given volumes are to be measured out,
and to have them marked off by small lines across the long one
first drawn.  Suppose the hundredths of a cubical inch are to
be marked down, the tube being about 2-10ths of an inch
internal diameter: 34.25 grains of mercury, which at 62°
Fahrenheit are equal in bulk to the one-hundredth of a cubical
inch, are to be weighed into it; the tube is to be marked at
the level of the mercury, another 34.25 grains of metal is to be
welghed in, and its place marked on the scale, and the opera-
tion so carried on until the graduation is finished.

130. But easy as this is in description, it is otherwise in
practice, without the aid of certain facilities. If the mercury
be added without care, either too much or too little will be in-
troduced ; and when the adjustment is nearly complete, scarcely
little enough can be given or taken away, owing to the density
and cohesion of the metal. Prepare, therefore, a tube like the

one represented in the drawing (1181),
J i ki about half an inch in diameter, four

- inches long, cut level at one end, so as
to be closed by the finger if required, and drawn off laterally
to a capillary opening at the other. If mercury be poured into
such a tube, it will not flow out at the capillary opening whilst
the position is such as in the figure, and this is easily given to
it on the table by resting it on a list ring (68). But when
elevated sufficiently, the pressure of the column of metal will
cause it to flow out, and either in a continuous stream or in
minute successive drops, according to the degree of inclination ;
a still greater command over the flow of metal is obtained by
applying the finger to the upper extremity, and thus relieving
the metal from the pressure of the atmosphere upon its upper
surface to a greater or smaller degree, as may be required. It
it is easy in this way to supply more or less of the metal at
pleasure.

181. When therefore 34.25 grains of mercury are wanted
in the tube, place the latter in one pan, and weight amounting
to 84.25 grains in the other ; then, 1ntroducmg the capillary
extremity of the mercury feedmrr tube into the mouth of the
balanced tube, allow metal to ﬂow in, moderating its addition
as the balance approaches equilibrium, ultimately adding it
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only in minute drops. In this way the weight required is
nearly attained in a very short time. Have it rather a little
over than under weight, and, relinquishing the feeding vessel,
proceed to adjust the portion in the tube to be graduated.
For this purpose, close its aperture with the fore finger of the
right hand, invert the tube and its contents, which will of
course cause the mercury to rest partly on the finger, and then,
by slightly relaxing the finger, let a little drop squeeze out
beneath the edge of the glass into the palm of the left hand,
where it is to be preserved. Restore the tube to its right po-
sition, and place it in the balance; if too heavy, put the first
drop of mercury out of the hand as useless, and take a second
drop from the tube as before. In this way it will ultimately
be obtained too light, but only by a part of the minute drop in
the hand.  Break this drop into several spherules by pressing
upon it with the finger, and take one, two, three, or more of
them into the tube, by pressing the edge of the glass against
the palm just beneath the drops, when they will roll in; ob-
serving each time whether the mercury in the tube balances
the weight. In this way accurate adjustment may be obtained
in a portion of time not exceeding a fourth part of that re-
quired to read this description.

182. The next object is to mark the volume occupied by
the mercury, that being exactly the one-hundredth of a cubical
inch. The mark will be best made with a three-square or flat
file; and it will be found much ecasier to commence it from
the cross line running up and down the tube, than from an
unbroken surface. To make a fair mark requires a steady
pressure on the file, and then motion to a slight extent. The
feel will indicate whether a mark has been made, but the
learner should practise first on a piece of waste glass tube,
commencing both from an unabraded surface and from a cross
line; and by making a mere spot, or marking a line of half
an inch in length. He will in this way learn in half an hour
to appreciate, by the feel, the kind and the extent of mark he
makes. He should also practise marking upon any desired
spot. For this purpose the tube should be held in the left
hand, with the thumb close upon the spot to be marked ; then
placing the edge of the file upon the particular place, and
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supporting the pressure at the same time by the thumb at its
side, the slightest possible motion, sufficient to break the sur-
face, should be given. If the commencement be exactly in the
right place, there is no difficulty in continuing it, the file,
when its motion is renewed, catching the previously roughened
part; if the commencement be in the wrong place, another
trial must be made: the practice of making the mark where
desired will soon be acquired.

133. This point attained, the next thing to be done is to
mark the tube so as to record permanently the volume occu-
pied by the mercury. For this purpose it must be placed in
a steady upright position; and though this may be effected
sufficiently well with very small tubes by holding them firmly
in the hand, yet it is an incorrect method with larger ones.
Choose therefore a flat place on the wall, in a convenient situa-
tion, and at the height of the eye. From a line level with the
eye, and about two or three inches downward, and for a width
T of five or six inches, blacken the wall,
either by pigment or attaching a piece of
black paper to it. Then firmly fix a piece
of wood planed smooth and true, about
the third of an inch thick, an inch wide,
and six inches in length, to the wall in an

Z/////// upright position, across the middle of the
M blackened part, so that half its length

’/ 7
T
////,.4'4/%,’;,,@;,;///[ i

shall be on the white part above. Two
upright re-entering angles are in this way produced, against
which the tubes may be firmly held, and the necessary position
thus effectually obtained. The black and white surfaces be-
hind will each be found advantageous in turn, for showing the
coincidence of the surface of the mercury with any particular
part of the glass, according to the light and other circum-
stances; and by shifting the tube a little up or down, the part
where the mercury stands may be placed on one or the other
at pleasure, and yet the eye be brought to the same horizontal
line with it without any difficulty. By this means the position
of the tube, of whatever size it may be less than an inch, is
securely obtained, use being made of the angle on either side
of the lath, An advantage sometimes results from using a
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piece of lath planed obliquely, so as to be thicker at one edge
than the other ; large tubes being applied to the deep angle on
one side, and small tubes to the shallower angle on the other.
Sometimes an angle previously existing on the walls of the
laboratory, as that formed by a bead, may be used for these
purposes.

184. The tube when held in the angle may easily be marked
as before mentioned, by laying the three-square file horizon-
tally across it upon the perpendicular line previously drawn,
and abrading the surface by a little motion and pressure.
The first mark is merely to be a slight extension of the rough
surface on the side of the line; a mere spot, which, if wrong,
may be neglected, and another made; if right, may afterwards
be lengthened into a line. There is no necessity for retaining
the tube against the wall whilst the division is being fully
marked ; if the commencement be correct, the tube may be
taken down, and the line completed in any other position that
may be convenient.

135. But there is yet another point to be considered before
we can proceed thus far. Mercury, when contained in glass
vessels, 1s, In consequence of its cohesive attraction, depressed
at that part of its surface where it verges towards the sides of
the vessel ; the place of contact with the glass is thus rendered
lower than the general surface, and consequently a small space
beneath that level remains unfilled by the metal. Hence a
mark made to correspond with that surface would include a
space in the vessel rather larger than that occupied by the
metal ; and though in wide vessels or tubes the error thus
introduced is minute, it is not so in tubes of small diameter,
and frequently amounts to one of the divisions marked upon
them. When to this is added the consideration that the con-
vexity of the mercury, in graduating a tube, is the reverse of
that which occurs when using the same tube over mercury
to measure gas (798), it is evident that always reading off
from the top or bottom of the curve would but increase the
errors in this case ; and that with small quantities of gas, and
in delicate experiments, they would become very serious. To
these may be added another circumstance, which complicates
the errors still further, namely, that when the tubes are used
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with or over water, the convexity is the reverse of that with
mercury, and the correction required consequently of a con-
trary kind.

136. With reference to the process of graduation, the diffi-
culty thus introduced may be avoided by using mercury which
is not quite clean, but which, from containing a little of some
other metal, as tin, lead, &c., has a film formed upon its sur-
face. 'T'he mercury of the pneumatic trough, if in much use,
is generally of this kind, or a small quantity can be readily
made so for the purpose, by adding one grain of lead to four
or five thousand grains of the fluid metal, that quantity being
quite sufficient. When such mercury is put into a tube, a
slight tremor given to it extends the film and allows the
metal to flow beneath, so as to acquire a flat surface instead of
a round one, and then the volume may be accurately marked
off by a line upon the glass coinciding with that surface (138).
Care is to be taken that the mercury used be not excessively
foul, or so dusty as to throw up a thick coat of film to its
surface, since no indication of volume belonging to a given
weight of mercury would then be obtained.

137. No further difficulty will now arise in the way of
graduatmg a tube. The 34.25 grains of mercury are to be
weighed in, the tube is to be placed against the wall, shohtly
shaken to produce a level surface, and then a d1v151on is to be
marked by the file. Another 84.25 grains of mercury are to
be weighed into the tube to the metal already contained in it,
and the volume is to be marked as before ; third, fourth, and
fifth divisions are to be obtained in the same way, and thus a
scale will be gradually produced.

138. By degrees the tube, if large, will contain so much
mercury as to be too heavy for the balance. But it is then
easy to use a smaller vessel to weigh the metal in, transferring
the mercury from that into the tube each time, and graduating
as before. One advantage of thus weighing the measuring
portions of metal in a separate vessel is, that water may be
introduced into the tube under graduation. This facilitates
the production of the level surface required on the mercury,
and sometimes assists in marking down the graduations by the
particular appearance of the tube: but as dirty mercury froths
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more readily in water than in air, the operator should be aware
of any error in bulk that might arise from this cause: and a
little time should also be allowed before a mark is made, that
the water may pass to the surface from between the glass and
the metal, and the mercury attain its level. No quantity of
water that is worth consideration will remain adhering to the
glass after it has stood a few seconds.

189. There is another mode of obtaining the successive
portions of mercury ; it is by measuring instead of weighing,
yet with such accuracy as to be unobjectionable, and is as
follows. Procure a piece of glass tube, of such diameter that
the division required shall occupy in it from half an inch to an
inch in length ; for hundredths it may be one-sixth of an inch
internal diameter, and for tenths, about one-third of an inch;

draw out one extremity at the lamp table, so as to

give it the form in the figure (1181), the lower end

being a capillary continuation, from which mercury

will flow out in a small stream, by the pressure of

half an inch of metal above. Close the lower ex-

tremity by introducing the tip into the flame of a
-\ spirit lamp, so that the sealed part may afterwards

be cut off without removing more than the one-
sixteenth or one-cighth of an inch. Counterpoise the tube.
Now weigh into it (if for hundredths) 34.25 grains of mer-
cury, or if for tenths, 342,53 grains; and when the weight is
accurately adjusted, observe whether the metal be continuous
throughout ; if not, make it so. "The only thing which will in-
terfere with this continuity is the occurrence of a bubble or two
of air about b (see the figure). These are easily removed by
introducing a horse hair or thin platina wire down between the
glass and the mercury; until it reaches the bubble, the air of
which will immediately pass up by the hair or wire. The air
which is sure to remain in the capillary part may be removed
in the same manner as low as a, but it is better that a small
but constant portion should remain between the bottom of
the mercury and the sealed part. The next thing to be done
is to mark the tube at the surface of the mercury, and by
weighing in two, three, four, or more portions, each of 84.25
grains, and marking off their heights, an accurate graduation
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will be produced. Now by the scratching of a file, and then a
little lateral force as directed in glass-blowing (1152), cut off
the sealed capillary end about half way below @, and thus open
that extremity.

140. The measure is now complete, and all that is further
requisite is the mode of using it. Suppose mercury, equal to
one or more divisions, were required ; pour some of the metal
into the measure above its highest division, at the same time
closing its capillary opening by bearing a finger slightly
against it ; then shutting the top by the fore ﬁnger allow the
mercury to run out at “the capillary termination (130), until
its upper surface coincides with the uppermost line. Now
stop the stream by inclining the measure ; until, having directed
the jet into the tube to be graduated, any mercury that after-
ward passes out may be received by it. Again relieve the
finger above, so that the metal may fall as before, passing
through the extremity into the lower tube; and when the level
in the measure again coincides with a division, it will be known
that the hundredth of a cubic inch has gone from it into the
tube to be graduated. Prevent the passage of more mercury
by inclining the measure; mark off the portion already trans-
ferred ; then add a second hundredth in the same way, and
proceed in this manner to any extent required. When once a
measure of this kind is made, it is exceedingly convenient and
ready in its use, and, being of sufficient length, will readily
serve to estimate tenths as well as hundredths.

141. One other mode of measuring the mercury in these
cases of graduation it will be necessary to mention, because it
is common, and at times has peculiar advantages. It consists
in forming a tube which, when closed with the finger, shall
hold exactly the quantity of mercury required. The use of
such a tube requires a little practice, for when the diameter is
more than the third of an inch, variations in the pressure of
the finger upon its open end, or the use of the finger or thumb
indifferently, cause sensible variations in the quantity con-
tained. By practice such uniformity is obtained, however, as
not to involve any important error.

142. These measures are best made in the following man-
ner: select a piece of tube sealed at one end, with a rounded
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termination, and which shall be competent to hold about twice
the bulk desired ; counterpoise it, and then weigh in the
mercury corresponding to the volume required. Mark this
volume, and, pouring the mercury into another tube or dish,
cut off the measure (1152) as near as may be to the mark ;
leaving it, if not exact, rather larger than is required. Draw
out a few thick threads of cement (1123, 1125), or make a
thin roll of wax, and, having poured the mercury back into the
intended measure, put upon it a piece or two of the cement or
wax, and, covering it with the finger, depress it into the fluid
metal, and observe whether there be sufficient to fill the tube
or not ; the wax or cement is to be increased or diminished in
bulk, until with the mercury it exactly fills the tube when
closed by the finger: and this adjustment is to be made over
a Wedgewood’s basin, that any particles of mercury thrown
out during the trial may be readily returned to the tube, and
prevent alteration of the original quantity. When this ad-
justment of the wax has been obtained, pour out the mercury,
drop the wax to the bottom of the tube, warm the latter so as
to melt the wax, and then allowing it to cool, the measure is
completed ; but for greater security, verify it by ascertaining
that it does measure out the right weight of mercury.

148. It is not necessary in every case to weigh out mercury
for each division on the graduation; for when the divisions
are small, as on a comparatively large tube, it can frequently
be effected as accurately, or more so by the unassisted eye, as
by measurement with mercury. Thus, for instance, if a tube
of one-fourth of an inch in diameter were to be graduated into
tenths and hundredths of a cubical inch, and by measuring
every four hundredths by some of the preceding methods, the
resulting divisions were found to be as nearly as possible equal
in length, and consequently the tube uniform ; then the single
hundredths may, by very little practice, be marked off by the
eye alone more accurately than by any other method usually
adopted in the laboratory, and sufficiently so for the most re-
fined experiments. The object is of course to divide the space
of four hundredths, first into two of two hundredths, and each
of these into two of one hundredth. This is best done, not by
holding the tube vertically against the wall, but laying it hori-
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zontally upon the table on a surface of uniform colour; and
the division should first be made by dots as before mentioned
(182), and their uniform and accurate distance acknowledged
by the eye before the lines which are to form the scale are
marked. Very little experience will show the value and ra-
pidity of this method, which, in the hands of a careful person,
may be extended to the division of a space into 5, 6, 8, 10, or
even more parts.

144. Where the mercury is measured into the tube to be
graduated, every five or ten portions put in should be trans-
ferred to the balance and weighed, to ascertain their correct
accordance with the quantity marked on the graduation.
Thus supposing the measuring tube before described (139)
to be in use, when twenty divisions have been transferred from
it, the operator should ascertain that the mercury in the tube
to be graduated actually amounts to twenty times 34.25 grains,
and when forty divisions have been put in, that 1370 grains of
mercury are there.

All these experiments relative to the weighing and mea-
suring of mercury should be made on a tray, or over the
mercury table (12):

145. In marking the divisions, every fifth and tenth should
be distinguished from the others, for the purpose of ready
observation ; the fifths by a little extra length, and the tenths
by being marked on both sides the upright line, as indicating
larger divisions. ‘

146. In eudiometrical and other experiments with small
quantities of gas, very small divisions are required, and some-
times other parts than those of the tenths or hundredths of a
cubical inch are, from their size, useful. In these cases it is
far better to take other subdivisions of the cubical inch than
to have an independent standard, and through it introduce
complexity into the laboratory measures. If hundredths are
not small enough, divide them into two hundredths, or five
hundredths, or thousandths; or if hundredths are too small,
count two of them as one part, which may easily be done upon
the tubes graduated as already described ; and indeed every
other dlvmon may be dlstmgmshed by a little additional mark
opposite to it on the other side of the perpendicular line.
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14%7. In graduating tubes for eudiometry or any other pur-
pose, Dr. Henry has long been in the habit of using a con-
trivance which renders the operation greatly quicker, and
insures perfect accuracy. It consists of a tube open at both
ends, and not more than 0.08 of an inch in diameter. This is
carefully divided into equal parts, which may be entirely arbi-
trary, but those which he employed are ten grains of mercury,
at 60° Fahrenheit, the whole tube containing 100 grains. It is
some trouble to divide this tube, but when once prepared any
number may by its means be easily graduated. The successive
portions of mercury used in dividing wider tubes are measured
by this, into which they are drawn, either by plunging it into
a jar filled to sufficient height with that fluid, or by the action
of the mouth*.

148. The graduation of jars is to be effected in a manner
very similar to that which has been recommended for tubes;
but if performed by weighing, water is a better substance than
mercury for all quantities above half a cubic inch, because of
the weight of the latter, and the consequent burden it occasions
to the balance. A cubic inch of water at 62°, it will be re-
mewnbered, weighs 252.458 grains. If measures are to be
used, the vessels for them should be perfectly clean, so as to
become wetted over the interior: they should be well rinsed
out with water, and after being left to drain for a few seconds,
should, without further drying, be counterbalanced before the
given weight of water, which is to form the standard, is intro-
duced, and its volume marked (189, 141) ; because on every
occasion for their use a similar quantity of moisture will be left
in them, after the liquid by which the graduations are to be
made has been poured into the jar.!

149. In marking the jars it will not be advisable to place
them against the wall, as has been directed for tubes, their
larger diameter interfering with such an arrangement. They
should be put upon a steady, firm place, as the one appointed
for measuring (120) ; and the liquid having acquired a state of
rest, three points should be marked, upon upright and equi-
distant lines, corresponding accurately with the general surface

* Manchester Memoirs, Second Series, vol. ii.
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of the water in the jar. 'These points are best obtained in the
first place by the scratching-diamond (128, 974), and may
afterwards be extended into short lines by the file (132).

150. When the jars to be graduated are such as cannot
stand steadily upon their own bases, the graduation at three
different places becomes still more important. Thus with
such as are capped, and, being closed with a stop-cock, require,
when graduated, to be supported on other jars, or list rings
(68), or over holes, the triple graduation is a security inde-
pendent of a correct perpendicular position. For though the
jar might perchance shift a little in its situation from the per-
pendicular, still if any quantity of water, for instance 20 cubic
inches, were then marked off by three lines on different sides
of the glass, any quantity which at a future time should coin-
cide with those marks, would be known to be accurately 20
cubic inches. 'This might be effected, indeed, by two gra-
duations on opposite sides, but it would not be so certain in
practice as three. In using three, also, the two first, if mi-
nutely incorreet, may be adjusted to perfect accuracy, by very
slight motion of the jar before the third mark is made. The
necessity of making these graduations at one temperature, that
of 62°, has been before insisted upon.

151. Several instruments have been constructed by Dr.
Hare*, in which he has introduced a mode of measuring, de-
pendent upon the displacement of certain volumes of liquids
or gases, by the different parts of a graduated rod. The
figure represents one of these instru-
ments. It consists of a glass tube
fixed by one extremity into a cap
and collar of leather, and terminated
at the other in a capillary opening.
A rod graduated into equal parts passes air-tight through the
collar of leather, and is moved by a handle at the exterior. If
the aperture be immersed in water, and the rod drawn out and
thrust in again several times, the air is ejected, water enters,
and by inclining the instrument it may be entirely filled with the
latter fluid, and left with the greater part of the rod in the air.
If it be then removed from the water and dried, it is evident

# Phil. Mag. lxvii. 21.
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that, by inserting the rod,an equal volume of the water will be
expelled from the tube by the capillary aperture, and may be
transferred into the vessels to be graduated ; it is also evident
that this water may be thrown out in successive minute por-
tions, each equal to the other, and to one of the graduations
on the rod. When the whole of the rod is thrust in, it is easy,
by drawing it out, to replace it by water, as in the filling of the
instrument, and then additional equal bulks of water may be
measured out.

152. By terminating the tube as before described (130),
and using mercury instead of water, the instrument becomes
an excellent measurer of equal portions of mercury, and may
then be used in graduating tubes (187). The rod itself is
easily graduated to any required dimensions, by observing how
much of its length must be inserted to displace a given weight
of mercury, as 84.25 grains (187), and then by proceeding to
mark off other degrees of equal value.

153. An instrument of this kind may be made without
difficulty, from a tube like that figured at p. 71; the rod
may be of solid glass, or a glass tube closed at the inner ter-
mination; it should be made to slide through some tow, well
impregnated with tallow, which, being wrapped round it, is to
form a plug sufficient to close the end of the tube. By tying
this over with a piece of cloth, it may be made quite firm and
air-tight; and the rod may then be graduated experimentally.

154. The following are useful estimates and comparisons
of certain measures, both linear and cubic, with the weights of
the cubic measures 1n grains of distilled water added

Inches.

Yard ™ s % sl . 1136
Metre . . . . . 39.37079

Decimetre « . . . 3.93708
Centimetre . . . . 0.39370
Millimetre . . . . 0.03937

The seconds pendulum vibrating at London, 39,13929.

Cubic Inches. Grains of distilled Water.
Imperial gallon . . 277.274 eees 70000
Imperial pint . . . 34.65925 efor 8750
Tmperial fluid ounce . 1.7329625 .... 437.5

The old wine pint . . 28,8827 cene 7291.666
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Cubic Inches. Grains of distilled Water,
Old fluid ounce . . 1,805169 .... 455.73
Cubic inch B w10 13 (A 252.458
i 5T R S B S e 61.02525 BES 15406.312
Decilitre . . . . 6.10252 oo 1540.631
Centilitre . . . . 0.61025 ors s 154.063
Millilitrr 3 o7 5 5 0.06102 Bk § 15.406

Section IV.
SOURCES AND MANAGEMENT OF HEAT.

155. Hear is so important, as modifying chemical action,
and the chemical and physical properties of bodies, that it must
always be of the utmost consequence to the chemist. So great
is its influence over his researches, that he has been called the
philosopher by fire; and though the consideration of its
peculiar action on matter forms no part of the direct subject
of the present volume, yet, as the modes of augmenting and
applying it are proportionate in number and extent to the
powers of the agent itself, so the sources and management of
heat will claim much present attention. It is, however, by no
means intended here to dwell upon this subject in its full ex-
tent, but rather to limit and compress it as much as possible ;
supplying to the student that portion of instruction which re-
lates to the simplest and most effectual means of obtaining the
temperatures he may require in his experiments, but not ex-
tending it to every furnace, lamp, or blowpipe, or even to every
onc beneficially used in chemical arts and processes.

§ 1. Furnaces.

156. There is scarcely any limit to the number of furnaces
that have been contrived as particularly adapted either for
special or general uses; all no doubt were good at the time
they were devised, and superior for some reason or other
to those which had preceded them. But the character of
chemical operations has changed so much as to render many
of these contrivances useless, or of little importance, and

G 2
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each person is now left to select those which are most agree-
able to himself, as according best with either his notions or
modes of experimenting. Ior these reasons the author will
here describe those which he has been induced to adopt as
economical and effectual ; convinced that he ought not to omit
them, and that to describe a greater number would be assign-
ing to this subject a larger proportion of the present volume
than it can fairly claim.

157. An exceedingly useful furnace, either in a large or
small laboratory, may be made out of a black lead or earthen
crucible. The proper vessels for this purpose are known by
the name of blue pots, and may be had of almost every size,
less than the height of 22 inches, and of 12 or 14 inches dia-
meter at the top; they are made of clay and plumbago mixed,
and are ecasily cut by a saw, rasp, or file. The price of one,
which will make a very good furnace for small operations, is
about six shillings. Anstey’s coke crucibles are also service-
able for these uses; they may be cut and worked as readily
as the blue pots, retain the heat very well, and are much
cheaper : but they crack and fall to pieces by frequent change
of temperature, They may be bought at Mr. Foster’s, 2, St.
John’s Square, Clerkenwell; one 12 inches high, and 7 inches
diameter at the top, costing sixteen pence.

158. One of these vessels, of the height of 12 inches, and
7 inches in width at the top within, will make a very useful
furnace for the igniting a small crucible, heating a tube, or
distilling with large glass retorts at moderate temperatures, or
with smaller glass or earthen retorts at higher temperatures.
It is in the course of preparation necessary first to have certain
round holes pierced in it. These are easily made; a gimlet,
brad-awl, or other small instrument, is to be used, to penetrate
the sides, and the small apertures thus produced
are to be enlarged with a rat’s-tail and round
rasp, and ultimately finished with a half-round
rasp, which will make them of the size required.
Four of these holes are to be placed at equal
distances from each other, and about two inches
from the bottom of the pot; they may be 11 or
13 inches in diameter ; a second ring of holes, five or six in
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number, is to be made half way between the top and bottom
of the pot, and a third row of five or six within two inches of
the top ; these holes should be rather smaller than the four
lower ones.

159. The pot should now be bound round with iron or
copper wire, 5 of an inch thick, to strengthen and hold it to-
gether when it cracks,—an effect which is sure to take place
after it has been a few times heated. The wire should be
carried round in three different places, just above the upper
holes between the top and second row, and between the second
and lowermost row. A single wire, especially if of iron, is
sufficient, and two or three long notches should be made with
the edge of a rasp in the line of each ring of wire, just deep
enough to receive it and prevent it from slipping down when
drawn tight ; the ends should then be twisted together. It is
very convenient to have a handle to these furnaces, by which
they may be lifted, when hot, with a pair of tongs or a hook.
It should be of iren wire one-eighth or more of an inch in
thickness; one piece should be carried under the pot, and
lodged in a groove deep enough to receive it, and prevent un-
steadiness; it should rise up on opposite sides of the furnace,
until near the top, and there be turned so as to form a hook or
ring on cach side to receive the handle. This wire should
be put on at the same time with that which binds the whole
together, and the latter wires should take a turn round the
former wherever they cross it, which will add considerably to
the strength of the whole. The handle above is easily made
of a picce of the same thick wire curved over the top of the
furnace, and bent into hooks at the extremities, by which it is
to be attached to the former piece. The handle should have
such a curve that when not in use it may pass over the edge
and lie out of the way against the side of the furnace.

160. A small round moveable grate of cast iron, like that

l figured in the woodcu't, makes t.his furnace com-

(]ﬂ ” plete for many operations. If it be required to
{

pU

/D heat a crucible, the grate should be of such a size
bottom and the second row of holes. The part below then

as to drop into the furnace, and rest between the
forms the ash-pit, to be supplied with air for the fire by the
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four holes; and the part above forms the body of the furnace
to receive the fire and crucible. If a shallow fire only is
wanted, as in process of distillation or the heating of tubes,
the grate should be of such a size as, when dropped into the
furnace, to descend only a little below the first tier of holes,
the ash-pit then having two tier of holes entering it. Half
a dozen of these small grates will be required in the laboratory,
for the purpose of fitting at different times into different parts
of the same furnace, and also for use in different-sized fur-
naces, of the kind now described. They are of small price, and
may be bought of the philosophical instrument-maker.

161. When furnaces of this sort are constructed of different
sizes, variations in the number and arrangement of the air-
holes will of course suggest themselves. A smaller furnace
will require only two tiers of holes; one of three or four for
the ash-pit, and another for the body of the furnace. A larger
furnace may require more holes, and may at times have those
which communicate with the ash-pit enlarged into other forms,
and furnished with stoppers of soft red brick (1854), or pieces
of old pots.

162. The fuel used with these furnaces is charcoal, or in the
larger ones charcoal mixed with coke.

163. The fire is considerably under command, both as to
the diminution and increase of its intensity. A box of round
stoppers, made of soft brick (1354), or old blue pots, and
something like corks in form, should be provided. These
serve to close the air-holes which lead either to the ash-pit or
directly to the fire, and, by limiting the quantity of air which
enters, reduce the combustion in any required degree. When
the grate is placed high up in the furnace, as for distillations,
these stoppers are frequently required for the lower holes.

164. On the contrary, to increase temperature, and some-
times to increase the body of fuel, additions are made at the

top of the furnace. A very useful one consists

of the upper part of an old crucible, cut off so as
to form a ring, which should be bound with wire,
as was directed in regard to the furnace (159).

Rings of this kind may be from an inch to three inches or
more in depth ; and when placed upon the top of the furnace,
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so as to form a continuation of it in height, they considerably
increasc both the capacity and the draught, They may be
made with holes or not, according to their depth. Such holes
of course weaken the ring, but when the quantity of fuel in
the fire is increased, it is frequently necessary to increase the
supply of air also; and when a crucible stands in the middle
of the mass of fuel, these lateral supplies of air, especially in
the smaller furnaces, are essential to the vividness of combus-
tion, and the high temperature required.
165. A most useful accompaniment to these small portable
rD furnaces is a piece of straight funnel-pipe, about
two feet long, four inches in width, and open-
ing out below funnel fashion, until it is about
@ eight inches in diameter. This will easily rest
/ upon any furnace not more than eight inches,
nor less than four or five inches wide ; is quickly
put on or off; stands steadily of itself, and
increases the draught powerfully. A wooden

> handle may be attached to it for convenience;

.

or without it the tongs will serve to remove it.

It may either be taken off when the fire re-
quires to be made up, or the pieces of charcoal may be dropped
in from above. There is no difficulty in raising a crucible
two inches and a half in diameter to a white heat, by a furnace
of this kind, and of the dimensions before stated (158) ; and
that in any situation which may be convenient upon the tables
or the floor, and with all the advantage of arranging or dis-
mounting the apparatus with extreme facility. The ignitings
and heatings which belong to the analysis of siliceous and other
minerals, have long been made in furnaces of this kind at the
Royal Institution.

166. To fit this furnace for the igniting of tubes, it is useful
to cut a couple of notches in its upper edge, about an inch
deep, in which the tube may be laid when the grate is high
in the furnace; at other times when a smaller heated length
only is wanted, it may be passed through two opposite holes
lower down in the furnace. When heating a tube in this man-
ner, it is not necessary to have a greater space than an inch or
an inch and a half between it and the grate.
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167. When these furnaces are made cut of large pots, the
grates being upwards of six inches in diameter, and the fuel
chamber six or eight inches high, they become very powerful,
and may be used to heat crucibles of considerable size. From
the larger dimensions of the grate, it is generally unnecessary
to form lateral air-holes through the body of the furnace, but
it is then requisite that an abundant supply of air be admitted
to the ash-pit, and through the grate to the fire. 'The fuel
used in these larger furnaces should be a mixture of coke and
charcoal, or sometimes, when a durable fire is required for long
operations, coke alone; for in such cases the rapidity with
which charcoal burns away is inconvenient, and the heat which
it produces may be attained with coke by improving the
draught.

168. These furnaces may, when the employment of the

highest heat is desirable, be advantageously

connected with the spare laboratory flue (5),

and the openings of that flue should be

above the level of the furnaces when they

stand on the floor. The communication is

) easily effected by two or three short pieces

of funnel-pipe like those in the margin,
made to fit into each other; one having a
funnel termination at the bottom, lined with
fire-clay, to adapt it to the furnace, and
another a bend or joint at right angles.
The pipe should be at least four inches in
diameter.  These furnaces, thus arranged,
are very powerful, and, being sometimes
wanted for long operations, require to be
fed without disturbance of the arrangement ;
for which reason it is proper to have an
aperture in the funnel-pipe, by which fuel
can be introduced, and which may be closed
by a stopper, when'the fire is in order.
Another, and, at times, a more convenient
mode of arrangement, is to continue the fur-
nace upwards by a deep ring (being the upper part of another
pot) in which is an aperture by which the fire can be fed when
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required, but which can be closed by a stopper when not in use.
The funnel-pipe is then to extend from the top of this ring to
the hole of the flue in the wall. These large furnaces should
be bound with iron hoop.

For further information relative to these kinds of furnaces,
sce Lewis’s Philosophical Commerce of the Arts, pp. 1—387.

169. The furnace next requiring description, is that in-
tended for general laboratory use, and already referred to (8).
Being in constant requisition as a table, it should be about 84
or 35 inches in height; its other dimensions, and even its
form, must depend upon the space that can be allotted for it.
The one in the laboratory of the Royal Institution, constructed
several years since, under the direction of Mr. Brande, has the
brick-work 52 inchesin length, and 80 inches in width; the iron
plate, including sand-baths, being 57 inches by 42 ; others have
been constructed, the plates of which are only 40 inches by
27. The principal part of this furnace is necessarily of brick-
work, only the top plate, with the
baths and the front, being of iron.
The front is a curved plate, having
two apertures closed by iron doors;
one belonging to the fire-place, and
the other to the ash-pit. Itis 34
inches high and 14 inches wide.
The ash-hole door moves over the
flooring beneath ; the bottom of the fire-place door is 22 inches
from the ground, and the door itself is 8% inches by 7. This
front is guarded within at the part which incloses the fire by
a strong cast-iron plate, having an opening through it corre-
sponding to the door of the fire-place. It has clampsattached
to it, which, when the furnace is built up, are inclosed in the
brick-work.

170. In the setting or building of the furnace, two lateral
brick walls are raised on each side the front plate, and a back-
wall at such a distance from it as to leave space for the ash-hole
and fire-place; these walls are lined with Welsh lumps, where
they form the fire-chamber : two iron bars are inserted in the
course of the work to support the loose grate bars in the usual
manner, the grate being raised 19 inches from the ground.
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The side-walls are continued until of the height of the front,
and are carried backward from the front in two parallel
lines, so as to afford support for the iron plate which is
to cover the whole. The back-wall of the fire-place is not
raised so high as the side-walls by six inches and a half, the
interval which is left between it and the bottom of the sand-
bath being the commencement of the flue or throat of the
furnace. In this way the fire-place, which is fourteen inches
from back to front, and nine inches wide, is formed, and also
the two sides of the portion of horizontal flue which belongs
to the furnace, and is intended to heat the larger sand-bath.
The bottom of this part of the flue may be made of brick-
work, resting upon bearers laid on the two side-walls, or it
may be a plate of cast-iron resting upon a ledge of the brick-
work on each side, and on the top of the wall, which forms the
back of the fire-place. Wheh'such an arrangement is adopted,
the plate must not be built into the brick-work, but suffered
to lie on the ledges, which are to be made flat and true for the
purpose; for, if attached to the walls, it will, by alternate ex-
pansion and contraction, disturb and throw them down. The
ends of the side-walls, forming as it were the back of the
furnace, may be finished either by being carried to the wall
against which the furnace is built, or inclosed by a piece of
connecting brick-work, to make the whole square and com-
plete, or a warm air cupboard may be formed in the cavity
beneath the flue, and the door made to occupy the opening
between the walls. Occasionally the flue may be required to
descend there, and pass some distance under ground. These
points should be arranged and prepared before the plate con-
stituting the top of the furnace is put on to the brick-work, so
that when the plate with its sand-baths are in their places,
they may complete the portion of horizontal flue by forming
its upper-side.

171, The size of this plate is the first thing to be considered,
and having been determined upon, from a consideration of the
situation to be occupied by the furnace, and the places of the
sand-baths having also been arranged, the brick-work must then
be carried up, so as to correspond with these determinations,
and with the plate itself, which in the mean time is to be cast.
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The sand-baths and the plate are to be formed in separate
pieces. The bath over the fire is best of a circular form, and
of such diameter that, when lifted out of its place, it may leave
an aperture in the plate equal in width to the upper part of the
fire-place beneath; so that a still, or cast-iron pot, or a set of
rings may be put into its place over the fire. The other sand-
bath must be of such a form as to correspond with the shape
and size of the flue beneath. These vessels are to be of cast-
iron, about three-tenths of an inch thick; their depth is to be
two inches and a half or three inches, and they are to be cast
with flanches, so as to rest in the corresponding depressions
of the plate, that the level of the
Jjunctions may be uniform. This
will be understood from the ac-
companying section of the fur-
nace, given through the line AB
of the view (169). It is essential
that these sand-baths be of such
dimensions as to fit very loosely into the apertures in the plate,
when cold, a space of the eighth of an inch or more being
left all round them, as shown in the section ; otherwise, when
heated, they will expand so much as entirely to fill the aper-
tures, and even break the plate. The plate itself should be
half an inch thick.

172. When the plate and its sand-baths are prepared, and
the brick-work is ready, the furnace is finished by laying the
plate on the brick-work, with a bed of mortar intervening. If
the walls are thin, or any peculiarity in their arrangement
occasions weakness, they should be bound together within
by cranks built into the work, and without by iron bands,
The alternate changes of temperature from high to low, and
low to high, to which the furnace is constantly subject, ren-
der it liable to mechanical injury, in a degree much sur-
passing that which would occur to a similar piece of brick-
work, always retained nearly at one temperature. The square
space inclosed by the fire-place and flues may be converted
into an excellent drying or warm air chamber if desired (606).

173. The sand-baths which have been described are liable
to an accident, that has induced some chemists to substitute
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others made of wrought iron. When first heated they fre-
quently, indeed generally, crack from the unequal expansion
in different parts ; and the plate itself is subject to the same
accident. If constructed of wrought iron, this effect is not
produced ; but then after being used for some time they warp
into very irregular and inconvenient forms, especially if made
of thin metal ; whilst, on the contrary, these of cast-iron, when
cracked, are rarely injured for the uses to which they are to
be applied, and seldom suffer further change.

174. These baths should have washed river or sharp sand
put into them (24) ; it is heavy, and occasions no dust when
moved, whilst, on the contrary, unwashed and bad sand con-
tains much dirt, and occasions great injury in experimenting.
A piece of straightened iron hoop, about twelve inches in
length, should he on the furnace, as an accompaniment to the
baths, being a sort of coarse spatula with which to move about
the sand (256—3881).

175. These baths are frequently used not for their especial
objects, but for the purpose of supplying heat generally to the
laboratory ; for the sand being cleared off the bottom of the
bath towards one end, leaves the metal uncovered, which then
rapidly communicates heat to the air, and acts with the full
and economical effect of a stove. 'The same arrangement pro-
duces a current of hot air upwards, which may frequently be
used to warm apparatus, to heat plates for drying filters, &c.

176. The circular sand-bath is frequently replaced by a set
of concentric iron rings, or a cast-iron pot. The rings are

—.— convenient for leaving an aperturc over
\ / the fire of larger or smaller dimensions,
according as a smaller or larger number

are used at once; and being bevelled at

the edges, fit accurately into each other,
\-‘/ without any risk of becoming fixed by ex-
' pansion. The external one, like the sand-
baths (171), should be made smaller than

the depression in the furnace-plate in which it rests, The iron
pots are of various sizes, and are adapted to the furnace by

means of the rings ; ared heat for sublimation is easily obtained
in them.
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177. Occasionally the sand-bath is replaced by a still, for
the production of distilled water (26). The form of the aper-
ture and furnace is such as to enable the still to be placed very
advantageously as relates to the fire beneath.

178. Tongs are essential accompaniments to furnaces.
There are many forms of these necessary implements; those
which have the rivet in the middle of their length, so as to
allow of considerable opening at their extremity, and also have
the ends bent downward, are best for common use. They
o should be of different lengths, from a

foot to two feet; and there should be
- ———————=Oheor two pair havmg the rivet near

S = the extremity, by which a powerful
hold is obtained, so as to prevent the slipping of a heavy weight
from between them.

179. Mr. Knight, of Foster-lane, has contrived a small
furnace, which, at the same time that it is competent for the
performance of numerous chemical operations, is generally
convenient for its lightness and portability. It is described
with several others in many chemical works. 'The points of
manipulation peculiar to each become evident upon inspection.

180. Wind-furnaces are such as have their combustion
urged by a draught of air through them, dependent upon the
flue to which they are attached. They are usual amongst
refiners, and those who melt metals in pots, as well as in the
laboratory ; hence their improvement and perfection are of great
importance.  The table furnace already described (8—169),
and the crucible furnaces, when connected with the laboratory
flues, are wind furnaces; but by proportioning the size of the
chimney to that of the furnace, others may be constructed,
much surpassing these in the intensity of heat produced. It
has been found that the combustion is most vivid when carrried
on in a furnace of equal diameter with the flue placed imme-
diately over it, the latter being of a height equal to about
thirty times its diameter, and free access of air to the grate
being permitted. But in practice, many variations are intro-
duced, which, though they diminish the intensity of heat, still
enable the worker of metals to heat a larger mass of matter up
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to the point he requires, with a diminished consumption of fuel,
and consequently at a smaller expense.

181. In the laboratory of research, the wind-furnace may
generally be replaced with advantage by the blast-furnace ;
the operations being more manageable and expeditious, the
heat greater, and the consumption of fuel smaller. By a
little contrivance, one of the crucible furnaces before described
(158) is easily converted into a blast-furnace, and a very high
temperature for small vessels obtained. This is done by
closing the holes of the ash-pit with the stoppers (161), except
one, and applying to that the nozzle of a pair of double-hand
bellows, from which a blast is to be urged, and the furnace
aided at the same time by the piece of upright funnel-pipe
(165) ; the fuel is to be charcoal.

182. Mr. Charles Aikin has devised an arrangement for
a blast-furnace on a small scale, which is exceedingly good

and powerful. The furnace

1 is made out of fragments of

2 ] ,.% 5 broken blue pots, and consists
i of several parts, sections of

which are here given, drawn

% upon a scale of one inch to
J%MAL ten. The lower piece a is
fitted into a tin bottom, con-

sisting of a circular plate with

a rising rim; the junction

being made tight by plaster

of Paris. The piece b, rest-

ing upon a, is so formed as to have three circular shoulders
running round the inside, one at g, a second at k, and a third
a little lower, namely, where the grate in section is observed to
rest. The grate is circular, and can be removed at pleasure.
The piece ¢ is merely a broad rim, which, resting upon the
edge of the piece b, increases the capacity of the furnace. The
piece d is to be used when, in place of enlarging the fire, it is
required to be diminished. It is to be placed within b, resting
at its lower edge on the rim or shoulder A : e is a similar piece,
but smaller, it rests also on the shoulder 4: it has a notch half
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way between the upper and the lower edge, to admit the stem
of a tobacco-pipe, or other similarly-formed article. Another
part of the furnace is a circular plate of sheet iron, of such a
diameter as to fit into the rim ¢; this plate is perforated with
an aperture three inches and a half in width, into which a very
small furnace-body fits, having its lower part pierced with
holes instead of a grate; both these are represented at f.

183. When the furnace is in use, it is raised on a stand, and
the nozzle of a pair of double bellows, twelve inches long and
ten inches wide, brought towards the aperture in the lower
piece, but not inserted. The fire is lighted by a piece of brown
paper and a little small coal, and is sustained either with coke
and small coal, or coke alone. The coke is sifted of two sizes,
and preserved in boxes, with a ladle to supply it to the fire.
When a fire of a moderate size only is wanted, the piece b is
used; if there be occasion to increase it, ¢ is put on. When
smaller fires are required, d or eis used. - For operations where
tobacco-pipes replace ordinary crucibles, the grate is removed,
and the piece and plate f placed within b at the shoulder g.

Mr. Aikin easily melts cast iron at this furnace, and can heat
a crucible two inches and a half in diameter, and three inches
and a half in height, to bright redness in a very short time.

184. The following is the description of a most excellent
blast-furnace, which has been in use for some years in the
laboratory of the Royal Institution. It is sufliciently powerful
to melt pure iron in a crucible, in twelve or fifteen minutes,
the fire having been previously lighted. It will effect the
fusion of rhodium, and even pieces of pure platinum have sunk
together into one button in a crucible heated by it. All kinds
of crucibles, including the Cornish and the Hessian, soften,
fuse, and become frothy in it; and it is the want of vessels
which has hitherto put a limit to its applications. The exte-
rior consists of a blue pot eighteen inches in height, and thir-
teen inches in external diameter at the top. A small blue pot,
of seven inches and a half internal diameter at the top, had the
lower part cut off, so as to leave an aperture of five inches.
This, when put into the larger pot, rested upon its lower ex-
ternal edge, the tops of- the two being level. The interval
between them, which gradually increased from the lower to the
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upper part, was filled with pulverized glass-blower’s pots, to
which enough water had been added to moisten the powder,
which was pressed down by sticks, so as to make the whole a
compact mass. A round grate was then dropped into the
»  furnace, of such a size that it rested about
an inch above the Jower edge of the inner
pot: the space beneath it therefore consti-
tuted the air-chamber, and the part above
the body of the furnace. 'The former was
4 inches from the grate to the bottom,
and the latter 7} inches from the grate
to the top. Finally, a horizontal hole,
conical in form, and 1% inches in diameter
on the exterior, was cut through the outer
pot, forming an opening into the air-chamber at the lower part,
its use being to receive the nozzle of the bellows by which the
blast was to be thrownin. The furnace being thus completed,
the next object was to dry it gradually, that when used it
might not be blown to pieces by confined aquecous vapour;
a charcoal fire was therefore made in it, and left to burn for
some hours, being supplied with air only by the draught
through the hole into the chamber beneath. WWhen vapours
ceased to be formed, the furnace was considered as ready for use.
185. This furnace has always been used with a pair of large
double bellows mounted in an iron frame, the former being
raised upon a stool so as to bring the aperture of the air-cham-
ber to a level with the nozzle of the bellows. The latter has
generally been inserted in the aperture; for this and similar
furnaces are of such depth, compared to their width, that when
charged with a crucible and fuel, there is so much resistance
to the passage of the air when urged by a blast competent to
create and sustain a vivid combustion, that a part returns by
the side of the nozzle, if the aperture be left open. The
bellows spoken of is far larger than necessary for the furnace
described, and is rarely worked to one-third of its power; for
otherwise the heat rises so high as to destroy the crucible,
and the results are lost: it is, however, at all times advisable
to have an abundant command of air.
186. The heat produced by this arrangement is such, as at
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every violent operation, to cause the production of some slag
from the melting of the inner surface of the furnace itself,
where the combustion has been most vivid. The slag, running
down the interior, collects round the edge of the grate, and
should be removed with a chisel and hammer, or with an iron
rod, after each operation, that the grate may be clear and free
from obstruction for the next process. When in the course of
time the interior of the furnace is so far injured as to become
thin and weak, it must be displaced, and the furnace restored
to its original state, by the introduction of a new inside as
before (184).

187. The fuel to be used in this furnace is coke. Its con-
sumption is very small, considering the heat that is obtained,
in consequence of the short period of each operation. The
superiority of the blast-furnace over the wind-furnace in many
operations for which high temperatures are required, depends
upon the rapidity of its action. It is requisite to employ
this furnace in the open air, or under a well arranged vent, for
an immense number of sparks, much flame, and a current of
hot air are produced during its operation, which might occasion
serious mischief in a room, unless the ceiling were at a con-
siderable height, or guarded by a metal screen.

188. In using a blast furnace, like the one described, some
circumstances have to be considered relative to the method of
applying the stream of air. If a small pair of bellows be used,
the nozzle of which is considerably less than the aperture into
which the air is propelled, then a much larger quantity of air
is made to enter, if the nozzle be a couple of inches or more
from the hole on the outside than if it be actually inserted ;
for in the latter case little more than the stream of air from the
bellows is thrown through the furnace, whilst in the former a
large additional - quantity is propelled and drawn by the
advancing stream and carried in with it; just, indeed, as hap-
pens with the blow-pipe jet of air where the flame and neigh-
bouring atmosphere is drawn into the current formed by the
propelled central stream. Hence if the bellows be small and
the fuel not too compact, advantage may be taken of this cir-
cumstance, and the heat more highly raised and sustained than

if the effect in question were unattended to.
H
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189. Priestley, and after him Lavoisier, proposed the appli-
cation of oxygen to furnaces, to increase the rapidity of com-
bustion, and consequently the intensity of heat: but it will
evidently be unnecessary to employ it whilst furnaces in which
common air is used continue to be more than equal to our
means, in consequence of the limit put to their application, by
the inadequacy of the vessels we possess to resist higher tem-
peratures,

190. The fuel to be used in furnaces is of three kinds, coal,
coke, and charcoal. Coal is the ordinary fuel for the labo-
ratory table-furnace (8—169), or that intended to be in use
every-day, and serve for fusions, roastings, and other opera-
tions, for which its temperature may be sufficient. It is very
desirable that it should be good of its kind, and not that which
contains much sulphur, or an abundance of earthy matter;
for the first interferes with various fusions and ignitions, and
the latter renders the fire dirty and dusty, and when the tem-
perature is raised to a high point, causes an abundance of
clinkers. On certain occasions, to be hereafter distinguished,
especially if the coal be sulphureous and bad, it may be neces-
sary to use both coke and charcoal in the table furnace. Coal
should never be used in the blast-furnace: for, in consequence
of its softening and swelling by heat, it aggregates, closes the
small channels by which the air finds a passage through the
fuel, and impedes the combustion.

191. Coke is in constant requisition; it varies in quality
with the coal from which it 1s obtained. Such asis intended
for the service of the blast-furnace should be free from sul-
phureous, earthy, and metallic matter. Of this kind is the
Staffordshire coke, which may be obtained at some of the
wharfs on the canals near London. It is frequently so little
altered in appearance as to resemble the original coal. It
burns away completely in a blast-furnace, leaving scarcely a
trace of slag : so that after several successive portions have been
introduced, no material quantity of refuse is produced wupon
the grate, nor anything that will act seriously on the crucible
as a flux.

192. On the contrary, if common gas-coke be used in this
furnace, the oxide of iron and earthy matter which it contains
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is so abundant that slag is soon preduced, which, flowing over
the crucible, corrodes and destroys it ; by mixing with the
fuel, it tends to prevent the access of air to its surface, and
by accumulatmg upon the grate, at last so far obstructs the
entrance of air from beneath, as to prevent the attainment of
a high temperature. This.coke is not more than half the
price of that from Staffordshire, and is very convenient and
serviceable in the laboratory table-furnace, where, when an
iron bottle is to be ignited, or a crucible heated only to bright
redness, it answers far better as fuel than coal; and as it does
not swell nor aggregate, the passage for air through the fuel
remains open, and a general and regular heat is obtained.

193. The Staffordshire coke when used in the blast-furnace
before described (184), should be broken into pieces some-
what larger than a walnut, that it may sink down in the fire
between the crucible and the furnace, presenting a constantly
compact body of fuel (673); and it should also be sifted or
screened before it is used, to remove the dust and small par-
ticles, which otherwise being mixed with it, would interfere
with the passage of the air, by stopping up the small vacuities

between the different pieces of fuel as they lie in the furnace.

- 194, The charcoal intended for laboratory use may be of
the ordinary kind, and must not be either too large or too
small. If large the pieces should be broken down, or they
will be unfit for use in the crucible furnaces, for which it is
principally intended. Charcoal is a quick fuel ; but burning
with facility, a small quantity of it can be easily retained in a
state of regular combustion; and hence in cases where but
little space intervenes between the substance to be heated and
the side of the furnace, or when a small temporary fire is
required in the air, it is very convenient. Where Staffordshire
coke will burn, and by means of a blast or a draught of air
will give sufficient intensity of heat, it is very superior to
charcoal in  duration. Occasionally a mixture of coke and
charcoal is convenient, since it affords a combination possessing
the qualities of permanency and freedom of combustion,

A charcoal box is almost as essential to a laboratory as one
for coal, and should have its appointed place.

195. It frequently happens, that instead of a regular fur-

H2
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nace fire, a temporary arrangement is much more advantageous;
thus, a fire of pieces of charcoal may be arranged upon a plate
of iron or tin, or upon a piece of iron wire-work, and be far
more applicable than one in a furnace. Sometimes an iron
wire basket, like a common mouse-trap turned upside down,
is very useful, and affords great heat because of the access of
air to all sides of it, whether urged by draught or bellows. A
loose iron grate and a few bricks will often serve to arrange
a powerful little furnace; but these temporary arrangements
must be left to be suggested by the wants, and applied by the
judgment, of the experimenter.

196. It must be remembered, that all operations with fur-
naces should be carried on in safe situations, care being taken
that no danger be incurred by the ascent of sparks, flame, or
hot air; by lateral vicinity to combustible bodies ; or by stand-
ing upon an unprotected wooden surface. When from peculiar
circumstances a small furnace is necessarily placed in such a
situation that danger may be anticipated from the ascending
current of air, the latter may frequently be rendered harmless
by fixing a plate of tin over the furnace, so as to break the
current, and mix the hot air of which it consists with the
neighbouring atmosphere. Injury from the vicinity of a
heated furnace to wainscoat, a trough, or any thing destructible
by heat, may almost always be prevented by interposing a
bright sheet of tin-plate ; the heat being then reflected and the
neighbouring body kept perfectly cool (1859).

197. When small furnaces are placed upon tables, stools,
or trays, a brick, or a piece of sheet-iron or tin-plate should
be interposed, according to the mode by which the heat is
likely to be communicated (1357): a brick or tile should be
used in cases of conduction, metal in sheets to catch ashes, and
bright tin-plate to prevent the ill effects resulting from radia-
tion. When a permanent furnace is erected in a room which,
being floored with wood, is to be converted into a laboratory,
great care should be taken that the ash-pit and parts adjacent
be guarded by a stone flooring laid down for the purpose.
The stones should be bedded in a proper manner beneath, that
no injury may arise should cracks occur in them, or in case
they should not be of sufficient thickness to prevent the trans-
mission of heat.
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§ 2. Lamps.

198. Lamps may be considered as small furnaces, and are
very economical and ready sources of heat. Nor are they
deficient in temperature ; for the intensity of heat in flame is
very high. Since the method of operating on small quan-
tities of matter has been practised and improved, not only
has the heat of a simple unassisted lamp-flame been taken
advantage of, but many contrivances have been practised by
which it has been powerfully increased and more beneficially
applied.

199. Of the varieties of lamps used in the laboratory, the
most useful is that in which spirit is burned. Spirit lamps
may be: bought at the instrument-makers, and are to be
trimmed with a cotton wick and supplied with alcohol. When
in combustion, the flame though pale produces intense heat, as
may be proved by introducing a small platina wire or other
piece of filamentous matter into it. The student should in his
first practice accustom himself to the introduction of small
fragments of minerals, metals, and other substances, into the
flame, at the extremity of a thin wire, or a filament of asbestus
or cyanite, or upon a narrow slip of platina foil. = He will thus
habituate himself to various appearances, obtain a knowledge
of the heating power, and learn from experience at what part
of the flame the highest temperature exists, and where he
should intersect it whe he wishes to obtain a more moderate
but more general heat.

200. The flame of alcohol produces no smoke or fuliginous
matter, and hence a great and constant advantage possessed
by it. If a platina capsule, or a small platina crucible, be held
in the flame of a candle, for the purpose of applying heat to its
contents, a black sooty film is soon deposited, which from its
great radiating power occasions the loss of heat, and prevents
that elevation of temperature which the flame otherwise is com-
petent to produce. But held in the flame of a spirit lamp, the
blackening does not take place, and this circumstance is one great
cause why the rise of temperature is to a much higher degree
in this than in the former instance. If a candle were used to
apply heat to the exterior of a glass flask or retort, the car-
bonaceous matter would soon accumulate, so as to obscure the
vessel and hide the contents; but a spirit lamp occasions no
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such obscuration, and at the same time that heat is applied,
the utmost facility of observing the substances within is
afforded.

201. Where the flame comes in direct contact with the
substance under experiment, the advantages are equally on the
side of the spirit lamp. For the carbonaceous matter, besides
interfering as above described, would frequently have an in-
jurious chemical effect; whereas it seldom happens that the
water and carbonic acid which result from the combustion of
alcohol, produce any change by their contact.

202. The place of greatest heatin the steady flame of the
spirit lamp is just within its summit. The substance to be
heated, when it will bear the direct contact of the flame, should
be as small as possible, consistently with the power of duly
observing its changes. It may be supported by a pair of de-
licate platina forceps, or at the end of a piece of fine platina
wire or foil ; or when the substance will admit of splintering,
may itself be the extreme end of a sharp splinter, and will then
require no other support. In all cases the support should be
as thin and delicate as possible, that the heat may not be con-
ducted by it from the substance to be examined, or the flame
itself cooled by contact with it. Occasionally, especially when
the support is platina wire, it is advantageous to make that
part of it which is next the substance as hot as possible, that its
tendency to conduct heat from the body to be ignited may be
diminished. This is easily done by holding it so that the wire
shall ascend as it were up the side and just within the verge of
the flame, still supporting the body to be heated in the hottest
part ; or at times it is sufficient to let the support descend from
above, the hot air from the flame heating the part next to the
substance to a sufficiently high temperature.

203. When a larger substance is to be heated it is generally
best done by putting it lower down in the flame than the hottest
point, the flame being made to divide under it, and ascend
a little distance on all sides. In this way a small platina eru-
cible or capsule may be heated red-hot throughout ; whereas,
if put at the summit of the flame, such effect would not be
produced because of the partial exposure of the vessel to the
surrounding air.

204. Platina foil is a useful accompaniment to the spirit-
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lamp. A square inch of its surface may be made at once
red hot. It may be readily bent into any convenient form, so
. as to supply the place of crucibles and capsules for small quan-
tities of matter. It suffers scarcely any change by heat, is
affected by few bodies except sulphur and the reduced metals,
and withal is so bad a conductor of heat that it conveys less
from substances lying upon it than any other metal, and does
not conduct an inconvenient quantity to the fingers (1353).
If pieces of platina foil, about an inch or an inch and a half
in diameter or width, be put into a small mortar and pressed
upon and moulded with the pestle, they will form excellent
capsules for numerous purposes of ignition (871). These may
be supported by the wire holders (666).

205. Spirit-lamps of the usual size will give a flame of any
height less than two inches, the wicks being of twisted cotton,
usually about a quarter of an inch in diameter; but a lamp
with a larger wick is desirable in the laboratory. One made of
copper, with a burner one inch long, by the third of an inch
wide, will produce a flame in which a platina crucible nearly
two inches in diameter, and small glass retorts, may be heated
to redness. '

206. A very powerful and useful spirit-lamp, frequently
supplying the place of a furnace, is formed by making an
aperture of 0.8 or 0.9 of an inch by 11
inch, through the body of the lamp, and
fixing in it four burners, upon Count
Rumford’s principle, each of a length
equal to the width of the aperture, and
the § or }; of an inch wide. These
are to be parallel to each other, and at such distances as to
have five spaces or air ways, the two outer being half the
width of the inner. These burners rise about a quarter of an
inch above the lamp, and descend as low as the bottom of the
body, being fastened in the aperture by their edges. Each
burner is closed beneath, but has a small hole into the lamp as
a passage for the alcohol, thus forming as it were a part of the
lamp. The lamp is supported upon four balls about half an
inch in diameter, to allow of the access of air beneath and up
the apertures to the flame. The alecohol is introduced by a
hole in the upper surface of the lamp, which is usually closed
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by a screw; and the burners are trimmed by putting down
each a doubled cotton of an Argand lamp until it touches the
bottom, and then cutting it off about the eighth of an inch
above the top.

207. Such a lamp is very powerful when applied merely as
other spirit-lamps are to the vessels to be heated, but it becomes
still more effectual in heating a crucible when assisted by a

chimney. This may be, as usual, a copper

cylinder, resting below upon the flat surface of
% the lamp, and either level at the top or cut out
into three or four large scollops. Two chimnies
are useful, of an inch and three quarters in
diameter each, one about three and a half, and
the other five inches in length. Such a lamp,
besides having the power of heating crucibles
and retorts, is easily adjusted in any convenient
’\_/-\ place, soon set to work, and as soon extin-

guished; and if convenient, only one or two
wicks may be lighted at once, those which are not employed
being covered up by the caps which are used to slip over the
burners to prevent evaporation when the lamp is not at work.

208. It would be improper to omit mentioning Mr. Phillips’s
spirit-lamp ¥, the advantage of which consists in its ready con-
struction in any place and by any person. ¢ Let a piece of
tin plate about an inch long be coiled up into a cylinder of
about three-eighths of an inchin diameter, and if the edges be
well hammered it is not necessary to use solder. Perforate a
cork previously fitted to a phial, and put a cotton wick through
the short tin tube, and the tube through the cork; the lamp
is now complete, and will afford a strong flame, taking care of
course not to prevent the rise of the spirit by fitting the cork
too closely.”

209. All these lamps should have caps for the burners, to
prevent the evaporation of the alcohol when they are not in
use. 'Those which are sold in the shops are always furnished
with them. The large spirit-lamp above described should
have one for each burner, the material being tin plate. - Mr.
Phillips’s lJamp may easily have a cover made for it by a little
piece of glass tube closed at one extremity.

* Annals of Philosophy, New Series, VII., 36.
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210. Alcohol is the fuel burned in these lamps, and though
it need not be highly rectified, yet the stronger it is the better.
The spirits of wine of the distillers, or doubly rectified spirit,
is sufficiently good for the purpose, the specific gravity of
which is about 0.84 or 0.85.

211. There is a substance produced in considerable quan-
tity, during; the destructive distillation of wood, called by
Mr. Taylor, Pyroligneous ether. It is more volatile than
alcohol, but burns very well in a spirit-lamp. It has a pecu-
liar odour, but in consequence of its cheapness has an adyan-
tage, its price being only sixteen shillings per gallon. It may
be obtained either at Apothecaries Hall, or at No. 201, Strand,
but is inquired for and sold at both places by the name of
Naphtha as often as by its proper name. This confusion of
terms is very improper, for Naphtha and Pyroligneous ether
are very different substances.

212. Oil is a fuel so applicable in the service of lamps, and
also so economical as compared to alcohol, that oil-lamps must
not be omitted in the enumeration of sources of heat.. Such as
are constructed upon Argand’s principle, having circular wicks
with a current of air both inside and outside, are most valuable,
They are' now constantly constructed for laboratory service,
the material being copper, and the chimney, in place of glass,
being also of that metal. Their principal use is in distillations
or evaporations, for they possess the advantages of yielding a
nearly uniform heat for several hours together, and allowing
its increase or diminution within certain limits at a moment’s
notice, (439, 448, 465). It sometimes happens, that the
highest temperature, or greatest quantity of heat of which these
lamps are capable, cannot be attained, because, notwithstanding
the careful and regular manner in which they have been
trimmed, one part of the flame will smoke, if the wick be
turned as high as the rest of the flame will bear, without
smoking.  Upon examination it will generally be found that
the part which smokes is that coinciding with the notch by
which the arm, connecting the cotton ring with the rack,
descends ; in which part the cotton is necessarily more exposed
than elsewhere. Should ‘it be so, the fault is easily corrected
for the time, by placing a little slip of copper or tin plate
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against the cotton in that place; and then the other parts may
be raised so high as to give their full combustion without
smoke. :

213. Double concentric-wick oil-lamps have been constructed
for the purpose of permitting greater combustion and sup-
plying more heat. These frequently fail in their applications,
and generally because both eottons being attached to one rack,
which is necessarily placed considerably on one side, there is
great irregularity of action, and too much friction, whence the
lamp soon becomes deranged, and is rendered useless. This
evil is readily corrected by having two racks, the second being
attached to the double cotton ring exactly as the first is, but
on the opposite side; and then with care the lamp may be
arranged with accuracy, producing as much heat as may be
required for crucible operations (666.) The racks should be
raised or lowered regularly and equally, so that both may
assist in moving the cotton; and care should be taken that one
be not raised without the other, or the one made to pull against
the other. In reference to the wicks also, more care is required
with the double than the single lamps, in consequence of the
difficulty of trimming the two cottons, so that the flame of one
shall not have a greater tendency to smoke than the other.
The best method is to cut them as seldom as possible, but
instead, to allow them to burn regularly, and when extinguished
and cold, to remove the hard crust and leave the singed edge
of the cotton that will then be exposed, as undisturbed as pos-
sible. A careful attentive experimenter will in this way find
no difficulty in keeping a double-wicked lamp in order, and
will obtain all the benefit which it is capable of affording;
whilst a hasty careless operator will never be able to make the
cottons move easily, or burn without smoke, or obtain any
advantage from the lamp over an ordinary one.

214. It is essential in these oil-lamps that an abundant sup-
ply of air to the wick be allowed. As generally constructed,
there is seldom sufficient air-way, especially in those with
double wicks ; and though they may burn moderately well at
first, yet the accumulation of oil and dust soon interferes by
stopping up the narrow apertures, and thus manifests the defi-
ciency. It is advisable to use the best lamp oil ; for the con-
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stancy and steadiness of its flame, and brilliancy of the com-
bustion, more than compensate for the higher price of the
fuel.

215. The erection of gas works for public service is now
so general in most large towns and in numerous private esta-
blishments, that the chemical gas-lamp, which a few years ago
was a mere curiosity, has now become a valuable and econo-
mical auxiliary to the establishment of the chemist. The faci-
lity of management, and the regularity of flame, are even
greater than with the Argand oil-lamp, for by means of jointed
or flexible tubes, in conjunction with the smallness of the
burner from which the flame proceeds, as compared with the
body of an oil-lamp, it can be adjusted with the utmost nicety
in any required position. The kind of flame depends upon
the form of the burner. A single jet, or a series of jets in a
line, or a circular flame, or several concentric flames, may be
obtained at pleasure, and thus the applications of the gas-lamp
to distillation, the igniting of crucibles, &c., may be made to
surpass in number and  effect those of the lamps already
described. It is only requisite to have burners of the different
forms required, capable of being attached by a ground joint to
the gas-pipe, which has been laid down from the works.

§ 8. Blow-pipes.

216. The blow-pipe is an instrument which cannot be dis-
pensed with in the laboratory ; and, as is usually the case in
contrivances for the attainment of any particular object, the
most common is the most valuable. The chemist does not
possess a more ready, powerful, and generally useful instru-
ment, than the mouth blow-pipe, and every student should
early accustom himself to its effectual use and application.

217. The forms which have been given to this instrument,
and the materials of which it is constructed, are very various.
All that is essential is a tube to conduct the air from the mouth,
terminated by a small regular round aperture, by which the
air can be thrown out in an undisturbed stream; and, that
facility may be obtained in directing it, the lower end of the
instrument is generally turned to one side.

218. The common blow-pipe is a long conical brass tube;
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two or three inches of the narrow end being bent, so that the
termination is nearly at right angles to the other part of
the instrument. In consequence of the gradual con-
densation of moisture from the breath in the tube, when
the instrument is much in use, a small portion of aqueous
matter is sometimes ejected through the beak into the
flame, and upon the substance to be heated. This occa-
sions an irregular flame, and sometimes does harm to the
heated substance, and the blow-pipe is therefore im-
proved, by having a chamber constructed at one part of it
"y for the reception of such moisture; the accumulated water
being removed after the experiments are over. Dr. Black’s

__ blow-pipe is a conical vessel, close, except at
[ the summit, to which the mouth is applied,
and at a lateral aperture below, from which a
small pipe proceeds, terminating in the nozzle
% or jet. This cone serves not merely to con-
dense the moisture, but in a slight degree to
regulate the pressure of the air forced through
L it by the lungs and mouth. Dr. Wollastons
instrument, on the contrary, has no chamber,
but consists of two or three pieces of tube,
which, when arranged together, form an excellent blow-pipe,
and when dismounted, pack into the size of a small pencil-case.
219. The essential part of the blow-pipe is the jet or termi-
nation by which the air is thrown out. The aperture should
be a smooth round hole, not leading suddenly inwards, to an
irregular cavity, but enlarging in an uniform manner, so as to
form a small regular conical channel, at least the third of an
inch in length, gradually passing into the general air-way of
the instrument. The exterior should also be regular in its
form, and diminish by degrees to the aperture; that when a
stream of air is forced through the blow-pipe, the external air
surrounding the jet may coalesce gradually with the current,
and not have the motion communicated to it disturbed
by any external irregularities of form. Perhaps the
best model for a jet is that obtained by drawing out a
piece of cylindrical glass tube (1176), and cutting it off
| so as to leave an aperture of a proper size; the nearer

=)
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those which are made of metal approach to this in form, the
better they will act. 'The size of the aperture of a blow-pipe
must depend upon theflame to be urged, and the substance to
be heated; for ordinary use it may be one forticth or one
fiftieth of an inch in diameter.

220. The jets of blow-pipes are constructed of different
substances, those being in this respect the best which are made
of materials least liable to change. For this reason, and also
because of the facility with which differently sized apertures
may be used, they are frequently made in separate pieces from
the instrument, and arranged to slip on to the extremity at
pleasure. From the small quantity of metal required in their
construction, they may then be made of platina ; and a conical
form given to them closely approaching that of the model
before mentioned. The single objection to jets with these deli-
cate terminations, is the facility with which they are altered in
form and injured : but it is only the careless who suffer in this
way, for no one acquainted with the value of the instrument
will voluntarily subject it to mechanical injury.

221. When a blow-pipe is not at hand, a very excellent tem-
porary one may be made from glass tube. A piece, nine or
ten inches in length, and about one-third of an inch in dia-
meter, is to be drawn out in the spirit-lamp, so as gradually
to diminish in size (1176, 1181), and then to be cut with a
file, that its extremity may imitate the jet before figured. It is
afterwards to be softened and bent on one side (1154), about
two inches above the jet, and thus a perfect instrument for
the time will be obtained. It is unfortunately brittle, and the
jet is liable to fuse and become closed in the flame when the
current of air is suspended ; otherwise it would supersede most
of the common blow-pipes.

222. The first point to be acquired in the use of the blow-
pipe, is the practice of the mouth. It is easy by blowing
through the tube in the usual manner, to produce a current of
air, which if directed upon a lighted candle, will occasionally
produce a clear and regular jet of flame.” But this operation
will soon be found uncertain and fatiguing, and recourse must
be had to the action of the mouth and its muscles, not only to
regulate, but, at intervals, to perform the whole office of sup-
plying air to the instrument.

e
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223. The practice necessary at first is that of making the
mouth replace the lungs for a short time, by using no other air
for the blow-pipe than that which it contains. This prac-
tice is simple in itself and soon becomes easy, but is difficult
to describe. Let the student observe that it is easy, after
having closed the lips, to fill the mouth with air, and to retain
it so, at the same time that respiration may be freely carried
on, the air passing to and from the lungs by the nostrils.
The mouth then resembles a close but distended bag, and the
means being well observed by which it is thus for.a time ren-
dered independent of the lungs and nostrils as to air, let a
blow-pipe, with a small aperture, be placed between the lips,
and then again filling the mouth with air, let it be separated
as before from the lungs: let the respiration be carried on as
in the former case, but at the same time let the capacity of the
mouth be contracted by theaction of the muscles of the cheeks
and jaws, and the air which it contained propelled through
the blow-pipe. If the aperture be small, this operation will
require ten or fifteen seconds, and being repeated a few times,
a ready facility of using the blow-pipe, independently of the
lungs, will thus soon be acquired.

224. This step being taken, the next is to combine this
process with the ordinary one of propelling air directly from
the lungs through the mouth in such a way that, when the
action of the lungs is suspended during respiration, the blast
may be continued by the action of the mouth itself from the
air contained within it. "The mouth at this time represents the
going fusee of a chronometer, which causes the works to ad-
vance during the interval that the direct action of the spring is
taken off, by the hand which holds the key when the machine
is wound up for the renewal of motive power. The time of
fourteen or fifteen seconds, during which the mouth can supply
air independently of the lungs, is far more than that requisite
for one or even many inspirations ; and all that is required to
complete the necessary habit is, the power of opening and
closing the communication between the mouth and the lungs,
and between the lungs and the air, at pleasure.

225. The capability of closing the passages to the nostrils
is very readily proved ; every one possesses and uses it when
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he blows from the mouth ; and that of closing or opening the
mouth to the lungs may be acquired with equal readiness.
Applying the same blow-pipe to the lips, as before, use the
air in the mouth to produce a current, and when it is about
half expended, open the lungs to the mouth so as to replace
the air which has passed through the blow-pipe; again cut off
the supply as at first, but continue to send a current through
the instrument, and when the second mouthful of air is nearly
gone, renevw it, as before, from the lungs. In this way acquire
the power of using the air of one inspiration by mouthfuls, as
it may be termed, not at any time letting the air from the
lungs press upon that passing through the blow-pipe, except
for the short intervals during which it is being renewed in the
mouth ; but measuring it out as it were in successive portions,
and giving the muscles of the cheeks and jaws the work of
propelling it forward. This advance made, then, as the last
step necessary, learn to fill the lungs whilst the mouth is in-
dependent of them, and occupied in propelling the air; and
this cannot be difficult for many minutes to thosé who have
already done the same thing for ten or fifteen seconds together,
as just described. Once effected, let this second inspiration of
air be used as the first was, and in the course of three or four
inspirations, the student will find no further difliculty in under-
standing the succession of actions which are necessary to the
production of a continued stream of air, and in performing
them either separately or in order, as may be required.

226. The description of these processes is necessarily tedious,
and the performance of them for the first time laborious and
tivesome. 'The pupil should not endeavour in these trials to
produce a strong current of air, as that occasions unnccessary
fatigne. The smallest stream is as efficient as a larger one.
The art once obtained, it will be quite unnecessary in actual
practice to repeat the effects in the order they have been de-
scribed.  The peculiar action of the mouth is not necessary to
a continued stream of air, except as connecting the air of one
inspiration with that of the next, and continuing the current
whilst the experimenter is inhaling ; that effected, the mouth
need not be resorted to, except for peculiar purposes, until
fresh air is wanted, and inhalation again necessary.

&
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227. In fact, however, the mouth, besides continuing, regu-
lates and modifies the blast ; and the muscles belonging to it,
being more powerful than those which command the lungs, are
competent to the production 6f a much stronger stream of air.
This upon oceasion is very useful and important. The action
of the mouth frequently helps to sustain and regulate the pro-
pelling force of the lungs, and frequently, also, when a stream
of air for a long period of time is required, the mouth is ad-
vantageously used to propel and continue it whilst four or five
inspirations are made: the lungs are thus relieved and re-
freshed, and this being repeated from time to time, takes from
the operation a great portion of its labour.

228. The powers of the blow-pipe will, in the laboratory,
frequently be added to those of the spirit-lamp, especially in
the heating of capsules, small platina crucibles, platina foil,
glass tubes, (666) &c. Butwhen a very intense heat over a
small extent only is required, it would appear that other fuel
than alcohol is better for the purpose. A tallow or a wax-
candle, or an oil-lamp, with a wick about three-tenths of an
inch in diameter, affords a very convenient flame. Sometimes
the wicks of lamps are made broad and flat, for the purpose of
supplying a greater body of flame when required.

229. The lamps, if such be used, being trimmed so as to
occasion their full ordinary combustion, the jet of the blow-
pipe is to be placed in a horizontal position opposite the flame,
about the eighth or tenth of an inch above the wick; and a
steady blast of air being thrown from it, it will be found that
the flame loses its ordinary form and appearance, and is pro-
jected as a luminous pencil along the course of the stream of
air. It should be steady, constant, and noiseless, not quiver-
ing, uncertain, or roaring. A small proportion at its com-
mencement should be brightly luminous, but soon pass into
a clear blue conical flame, towards the end of which on the
exterior, another should begin to appear of a pale lambent
yellow colour, and continue to an inch or more beyond the
termination of the blue flame prolonging the cone. The end
of the blue flame should be round, well defined, and even
sharp in its outline. As the jet is advanced towards, or into,
or withdrawn from the flame, so does the latter vary in its size,
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shape, and steadiness; and as the power of changing it is
useful, the extent to which it may be carried should be ascer-
tained and practised.

230. If a candle be used, it should be snuffed, but not short,
the wick inclined a little on one side, and the current of air
from the jet sent obliquely upwards. If sent horizontally, the
heat soon melts the tallow or wax on the side beneath the
flame, and causes it to run down. The candle will frequently
require snuffing, and should never be allowed to have any use-
less wick. The disadvantage of oil-lamps is, that they also
require frequent trimming, and in that respect are not so con-
venient as candles.

231. The lamp or candle should be low, that whilst using
the blow-pipe the arms may rest steadily upon the table. The
hand should lay hold of the instrument as far from the mouth
as convenient, greater freedom of motion and steadiness being
thus obtained, and the left or the right hand should be used
indifferently. It should be the constant endeavour of the stu-
dent when he is using the instrument, to obtain the power of so
apportioning his breath, and of retaining the instrument and
the flame, that the latter shall appear like a fixture, and neither
change in appearance nor direction for.several minutes toge-
ther; yet this with such lightness of touch and easy hold, that
he may at pleasure send the flame in any direction and upon
any place he pleases.

232. The point of highest temperature in the flame is just
at the extremity on the exterior of the blue cone. Tere the
combustion is complete or nearly so, and has suffered least
from cooling agencies; but there are other parts of the flame
which, because of their peculiar qualities, demand a few dis-
tinct observations. Without the blue flame combustion is
complete ; all the fuel is burnt and the oxygen of the atmos-
phere in which the flame is formed begius to appear in excess,
and from thence increases outwards. Hence the power of
oxygenation to a great degree, in consequence of the elevation
of temperature and thé free oxygen existing there. On the
contrary, within the blue flame combustion is still going on,
consequently combustible matter is present ; there is no free
oxygen, and a reducing agency is exerted. Berzelius well

I
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recommends that the situation and powers of these parts of
the flame should be learned by operating on a globule of tin
about the size of a shot placed in a small cavity on charcoal ;
the metal will be converted into a white crusty oxide, or be
reduced and appear in the metallic state as a brilliant fluid
globule, according to the part of the flame directed upon it
and the skill of the operator.

233. When the temperature required is not particularly
high, but the substance to be heated is large, a greater flame
is to be used (666). It may be obtained from the alcohol
lamp, or from an oil lamp with a flat wick, the current of air
being directed along the edge of the cotton. A jet with a
large aperture may then be employed, and it is occasionally
advantageous, by a more powerful or more abundant blast at
the same time withdrawing the jet alittle from the flame (229,
245), to break down the quiet tranquil flame into a roaring
one, the latter having power to heat a greater extent of surface
than the former. A crucible or a capsule may be thoroughly
ignited by a broken flame ; but the same instrument and lamp
with a steady flame, though they will heat one part intensely,
would leave another part comparatively cold. In heating a
glass tube for the purpose of bending or blowing'it out, the
same ‘advantage is obtained; and it is a mistake to suppose the
blow-pipe is useful only for the purpose of increasing and con-
centrating heat, it being in the laboratory frequently as advan-
tageous merely for directing it. When the mouth blow-pipe
is used with the large spirit lamp before described (205), a
platina crucible one inch and a half in diameter may be heated
red hot throughout, and a glass tube of considerable thickness
be ignited regularly all round and bent. With a smaller lamp
or a candle, the blow-pipe is constantly in use for melting
cement or other fusible bodies upon particular parts of appa-
ratus, or warming the sides or tops of glass vessels; and it is
for these amongst other purposes that the power of directing
the flame upwards or downwards, or in any direction at plea—
sure, is required. <

234. The current of air is hot to a great distance beyond
the flame, and should have its direction and power well appre-
ciated by observation and experiment. It is frequently useful
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in warming vessels, and the student will best learn its capa-
bilities by holding pieces of paper in its course, at different
distances (1142).

235. The theory of the blow-pipe is simple: its powers
depend upon the perfect combustion of the fuel, and the rapid
succession of hot gaseous matter against the substance to be
heated. The force which propels the stream of air through
the instrument is so much greater than the ascending force of
the heated gaseous products of the combustion, that the cur-
rents are altogether altered: the surrounding atmosphere from
the sides and behind the jet of the.blow-pipe, including the
flame, is drawn in, and made to coincide with the propelled
stream of air, so that not merely is thie usual form and direction
of the flame destroyed and new ones given to it, but with such
power that the ordinary and fluctuating motions of the atmos-
phere have little or no effect upon it. The heated particles
rapidly succeed cach other in an. invariable direction, and as
relates to the position of its parts, a degree of permanency is
thus given to the flame. The point at which the particles
attain their highest temperature continues the hottest so long
as the current is unchanged, and when a body is placed there,
it receives the successive action of these particles, and is itself
raised to the highest possible temperature. By far the greater
portion of the effect is due to the circumstance, that the moment
a particle of flame has touched the body and been cooled by
communicating heat, it is carried off by the current, and re-
placed by other particles of the flame at a maximum tempera-
ture. All Joss of heat from the body by contact of colder par-
ticles is therefore prevented, and the elevation of temperature
is limited entirely by the temperature of flame, radiation, and
the deteriorating effects due to the conducting power of the
supports.

236. Tor the attainment of the highest possible temperature
in a body subjected to the powers of a flame urged by the blow-
pipe, it is necessary to attend to other circumstances besides
choosing the hottest placein the flame. It is found in prac-
tice, and easily explairied by theory, that within certain limits
the smaller the particle to be heated the higher will be the
temperature acquired. Hence a reason for diminishing the

12
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size of the piece as much as possible. Then the supports
should be such as, presentmg the smallest quantity of matter
by which -the heat may be conducted away or otherwise dissi-
pated, shall still resist the high temperature necessary to be
borne where in contact with the substance, and shall also exert
no chemical action upon it, or at least none that can interfere
with the properties to be observed. For these reasons platina
wire, or a thin slip of .platina foil (204, 1353), is frequently
used as a support ; and forceps are constructed with delicate
terminations of platina for the purpose of holding such solid
particles as. will not act upon them. These are frequently
made with a pair of strong steel nippers at the opposite end, to
break or chip off small splinters from minerals or brittle bodies.
When a thin splinter can be detached, the fine edge or point
is frequently more favourable for high ignition than a whole
fragment, however small, supported in.any other way.

237. Mr. Smithson * uses small plates of clay as supports
for substances before the blow-pipe.. They are formed by
extending a white refractory clay by blows with the hammer
between the fold of .a piece of paper like gold between skins.
The clay and paper are then cut together with scissars into
pieces. about: four-tenths of an inch long and two and a half
tenths of ‘an inch wide, and hardened in the. fire in a tobacco
pipe. - When' cut into small and very acute triangles, they
form a substitute for Saussure’s sappare. The method of
attaching the particle to be heated to the end of these strips,
or what is perhaps still better, to the end of.a fine platma
w1re, which has been since ‘adopted by Mr. Smithson, is to
mix a very refractory clay with water; the least quantity of
this is to be taken up at the very end of the clay strip or the
wire, and the particle - chosen touched with it: in a few
moments it is dry, and may be introduced into the flame with
perfect safety. In this" way the smallest observable .picces
may be readily experimented with. -Sometimes Mr. Smithson
makes the powder of the substance into a mixture with water,
and wuses it instead of .the clay for attaching a particle to the
end of the wire.

# Annals of Philosophy, New Series, v. 387. vi. 412
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*288. Lieut.-Colonel Totten* varies these methods by making
the pulverized substance into a paste with thick gum-water,
and forming it between the fingers into small acute cones, the
fourth or fifth of an inch in length. When dry they may
casily be held at the end of a wire or in forceps, and the apex
being moistened and directed to the particle to be experimented
with, adheres to it, and will allow it to be subjected to the
highest heat of the blow-pipe without suffering derangement.

239. In all experiments upon minute particles, or upon
splinters, it will be necessary to examine the results with a glass,
and_not to trust to the naked eye. Appearances of fusion or
porosity will frequently escape the unassisted eye, when very
evident under a lens.

240. When charcoal is used as a support for the substance
to be heated, whether for the sake of convenience of form, or
on account of its chemical relations to the body, that should
be chosen which has been made from young succulent wood,
has thin bark, and is without cracks or cavities. Alder wood
charcoal is by far the best, being soft and generally free from
divisions. It may be distinguished by the triangular form of
the pith. When used, a little cavity may be made with a
knife on its ‘convex surface, or sometimes even at the end of
the cylinder where the cross fracture has left a smooth termi-
nation, and the substance being placed there, the flame is to be
sent obliquely down uponit. Small charcoal, from two-thirds
of an inch to an inch in diameter, is most convenient, because
of its easy approximation to the lamp or candle. It would be
difficult to send the flame perpendicularly into the cavity, nor,
if it were easy, would-it often be desirable ; for the propelled
flame would return upon itself, and causing irregularity in the
stream, would fail to produce the usual temperature. The
blast should be gencrally propelled obliquely, that the flame
entering over one side of the cavity after having struck upon
the matter to be heated, may rebound ‘a little and pass out by
the other. s '

241. For ample directions in the management and usc of
the mouth blow-pipe, with-all that relates to the characters

* Annals of Philosophy, New Series, ix. 73.



118 TABLE BLOW-PIPE, [Sect. IV,

and tests of substances examined by it, the student is referred
to Berzelius’s Essay *; which being essential to those who
would apply the instrument to its full extent, or beyond what
are its ordinary uses in the laboratory, renders any further
account of it here unnecessary.

242. The next useful instrument of this kind in the labora-
tory, is the table blow-pipe. It consists of* a small table, fur-
nished beneath with a pair of double bellows worked by the
foot. A tubeis connected with them, which rising through
the table is made adjustable above by sliding or moving joints,
and terminates in a jet. This jet is of course larger than that
of the mouth blow-pipe, being intended to urge a stronger
flame, but still it should be smooth and well formed (219), and
its aperture round and symmetrical. It is almost always the
work of the instrument-maker, but when a temporary jet is
reqmred it may be obtained excellent of its kind, by drawing
out a piece of narrow thick green glass tube in the manner
before described (221). The lamp (always sold with the table,
though separate from it) should have a burner competent to
hold a bundle of twisted cotton half an inch thick and an inch
wide, the top of the burner being about two or three inches
from the"table, that the jet may easily be adjusted to any
requlred position. Tallow or dripping is, perhaps, the most
powerful fuel for it; but in the laboratory, where it is often
wanted at a moment’s notice, oil is the most convenient.

248. After having trimmed the lamp, leaving the cotton in
a compact wick, rising about one-third or half an inch above
the burner, light it, and place it on the table before the jet;
then sitting on a chair with one foot. on the treddle, work the
bellows slightly, and arrange the jet by moving the joints of
the tube, until, being horizontal, or nearly so, its extremity is
a little above the cotton, and close upon, or just within, the
edge of the flame. The force of the blast should be such as
to gather the flame and miake it proceed in the same direction
with the jet, without any upward inflection of its extremity.
If, for want of power in the jet of air, this be not at first at-
tained, it should not be effected by working the foot so rapidly

* Children’s {ranslation of Berzelius, on the use of the Blow-pipe, 8vo.
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as to fill the bellows and drive the air out by the direct force
exerted upon the treddle; but the upper board of the bellows
should have weights placed upon it in such quantity as to cause
pressure sufficient upon the air within to make it flow out with
the required velocity. From the natural rigidity and tension
of the leather, the pressure upon the included air will be
greater when the bellows is nearly filled than when almost
empty, so that the force of the blast may be varied by keeping
the bellows more or less full, without any alteration in the
loading weight. 'When an impulse is required stronger than
that which can be produced by the weight and tendency of the
bellows to collapse, more or less direct force may be super-
added from the foot by means of the treddle.

244. The pencil need not necessarily include the whole of
the flame rising from the wick, but as the remaining part
throws off much smoke and fuliginous -matter, it is better to
conduct these substances ‘away by a small hood and chimney.
Such an arrangement has also the advantage of shadin the
bright part of the flame from the eyes, in consequence of which
the progress of operations carried on in. the pale.part are much
more readily observed. It frequently happens when the flame
of the lamp is too large for the: jet, that no attempts to force
the whole into a clear steady cone will succeed ; but.upon ad-
vancing the jet a little way into the flame, a part will be
thrown forward in the greatest perfection, whilst a portion
behind the aperture will rise upright in its usual state, and
almost undisturbed. ' It is éven generally advantageous to
have this superabundance of flame, * The pencil of flame should
be conical and steady, not ragged or-broken, but ending in a
blue point, passing into a pale phosphorescent halo, thhout
any luminous or smoky part at the termination.

245. Modifications. of this flame are reqmred resemblmg
those described as useful with the mouth blow-pipe (233).
When the jet is withdrawn a little way, and the blast impelled
with considerable force, the flame is broken, roaring, and some-
what diffuse_ (22‘)) ; it is then bluish, burns \vlthout smoke,
and is useful in heating a crucible (666), or warming a thick
glass tube.

246. The constructmn of a temporary blow-pipe to supply,



120 TEMPORARY TABLE BLOW-PIPE, [Sect. IV.

in cases of necessity, the place of a table instrument, is not
difficult (1207). A pipe of glass, pewter, or any other sub-
stance will convey the air; and being tied to a weight or stand,
or even a candlestick, may be arranged at the proper height,
for its jet to accord with the lamp to be used. The first rough
jet may be made by drawing out a piece of small glass tube
in the spirit-lamp, or a candle, and being attached to the
apparatus, a second and proper jet may be made by means of
it, out of a thicker piece of tube, and substituted for the smaller
one (221, 1181). Instead of the bellows a large bladder may
be used, or, what is better, a bag made of oiled silk, or some of
those fabrics now sufficiently common, in which cloth is ren-
dered air-tight by caoutchouc, This may be placed under
one end of a board, with weights upon it, or within a portfolio,
subject to pressure, and the air may be thrown into it from
the lungs by another piece of tube sufficiently long to reach
to the mouth. T'his tube will require a valve to prevent the
return of the air; and the simplest that can be constructed for
the purpose, in an extemporaneous manner, is perhaps the
following.

247. A piece of any tube of about the diameter of that re-
presented in the wood-cut having a smooth and level end, is to
be selected, and also a strip of black oiled silk, of
a width rather more than the external diameter of
the tube, or, if that be not at hand, a piece of ribbon
of the same width, which has been rubbed with
wax, so as to have the interstices’in it filled up
without destroying its flexibility. This is to be
adjusted loosely over the end of the tube, and the
extremities folded down on opposite sides, and tied
with a plece of thread; the silk itself not being so tight, but
that by applying the mouth to the opposite end air may be
easily blown through the tube, and out at the extremity be-
tween it and the silk; and yet so near that a pressure being
exerted in the opposite direction, the silk will be carrled
against the end of the tube, and prevent the air from passing
out again, The tube by which air is_to be thrown into the
bag from the mouth, is to have such a valve constructed at
its extremity, which is to be introduced through a hole made
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in the bag, and tightly tied in it by a few turns of twine. So
arranged, the bag is easily filled by air from the lungs, which
being gradually expelled at the jet, gives energy to the flame.
All the tubes required for this instrument, exeept the jet, may
be made even of paper, in the manner hereafter to be described
(1887).

248. A lamp for such a blow-pipe is soon fitted up; a
bundle of cotton threads placed at the side of any small vessel
filled with oil will answer the purpose, and none is more con-
venient than a little Wedgwood’s or evaporating basin.

249. The pneumatic blow-pipe is an instrument more
portable than the table blow-pipe, and is intended to supply
its place. There is nothing relative to itS manipulation
requiring notice, which has not been already mentioned.

250. Next to*these ordinary forms of the blow-pipe, in
which common air is used to urge the flame and increase tem-
perature, come those which employ oxygen or other gases to
heighten the effect : and by gradual improvement not only has
the temperature, afforded by these instruments, been raised to
an extraordinary degree, but at the same time with almost
perfect security to the operator. It is only the most simple
and effectual of these contrivances which will require attention,
and of these merely such points as, from the facility of extem-
porancous application, construction,.or correction, may be most
immediately instructive and useful to the student.

251. A very simple and powerful method of inereasing tem:
perature, the application and advantages of which were first
shewn by Dr. Marcet #, consists in urging the’ flame of an
alcohol lamp by a blow-pipe supplied with oxygen gas. The
oxygen may be furnished from an air-holder, a gas bag, or any
other vebsel in which it has been stored. The flame is mueh
smaller than when common air is used ; it is also brighter, and
its different parts have not the same relation: for instanee,
when the flame is well. urged, there is-Tio point in which an
excess of combustible matter can be found, or where dCO\y-
genation can be earried on, as with-the common blow-pipe
(232), and hence it is never put.to such purpeses; or when

* Thomson’s Annals of Philesophy, ix., 21.
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applied to them, it only leads to negative or deceitful appear-
ances. 'The hottest part of this flame is very near the mouth
of the jet, the distance from it being not more than one third
or one fourth that occurring when the same lamp is urged
by common air (232). The oxygenating part of the flame
(282), i$, in the first place, the innermost: then there will
usually occur a part where feebly reducing powers reside, and
on the outside of that as before an oxygenating atmosphere
again, '

252. The arrangement called Leeson’s blow-pipe is conve-
nient for the application of oxygen gas. It is a bottle of
caoutchouc or India rubber, which being distended with
oxygen, until it becomes several times its ordinary diameter, is
then to be attached to a jet. When the jet is opposite to a
flame, and the stop-cock opened, the contraction of the bottle
causes a regular stream of gas to flow out for a considerable
period, and an intensely hot, but small pencil of flame is
obtained. Metallic vessels sufficiently strong to contain several
atmospheres of oxygen gas have been used in the same manner,
and when made of a globular form, small and air tlght are

very pretty and’convenient.

253. The use of hydrogen as fuel, instead of oil, alcohol,
&c., has introduced many forms of apparatus (some of which
are dangerous to beginners) intended for the special applica-
tion of a mixture of it with oxygen gas. Dr. Hare was the
first person who used these gases in conjunction, and described
the effects produced. He sent them by different channels to
the aperture, where they were mixed and burnt at the same
instant. There was no dantrer in this arrangement, and the
manner in which it may be repeated will easily be understood
from what has been said, and the directions to be given relative
to the manipulation of gases. 'The heat was very intense.

254. In consequence of the experiments made by Sir Hum-
phry Davy, during the development of the principles of his
safety lamp and researches into the nature of flame, in which
it was shewn that the flame of explosive gaseous mixtures
would not pass back through small apertures or tubes ; blow-
pipes were soon constructed, in- which the oxygen and hydrogen
being mixed in the proportions necessary to form water, were
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then compressed in metallic boxes to the extent of many atmos-
pheres. Small tubes were afterwards affixed to these boxes,
and the mixed gases being allowed to pass out, were inflamed
and burnt at the apertures of the tubes. Many circumstances
combined to occasion accidents with this apparatus. The tube
was at times too large, or it broke, or became heated, or the
rapidity of the current in it diminished gradually, and the
flame, retrograding under the action of one or more of these
circumstances, ignited the mixture in the reservoir and caused
explosion: and notwithstanding the numerous contrivances
invented to prevent this return of the flame, there is not one I
believe, which from some unperceived or uncertain circum-
stance, either in the principles of the arrangement, or the acci-
dents to which it is liable, has not failed at one time or another.
Hence those only can be considered perfectly safe, where the
reservoir of gas, as in Dr. Clarke’s arrangement, is separated
from the operator by a wall or partition, of strength sufficient
to give full security : and those are next perhaps, where, as in
the arrangement by Mr. Gurney *, the gases are confined in a
receptacle so slight (a bladder), that if blown to picces the
fragments can hardly do harm. Then, the only liabilities are,
that the explosion itself shall shake and injure the neighbouring
apparatus, or throw them about with an injurious violence.

255. There are still some points in the economy and appli-
cation of heat, which require attention before we close this
section, as best assimilating with its subject and matter, These
principally concérn the modes of heating by intermediate
agents ; some of which are of considerable general importance
in the laboratory, others very valuable in peculiar cases.

256. All that relates to the general construction and arrange-
ment of sand-baths has been already said (169, 176), except
what will assimilate with the processes to be performed on them
(881). Water-baths resemble sand-baths in offering a medium
through which the heat can be applied to the substance to be
heated ; but differ from them in limiting the heat to tempera-
tures below a certain point, and when required, in retaining it
for any length of time near to one fixed degree, that of 212°.

* Transactions of the Society of Atts, xli., 70.
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This"temperature is important in the maceration and infusion
of many organic substances, for which, though a greater heat
would be highly injurious, the one mentioned is desirable and
even necessary, Water-baths are generally constructed with
and attached to the vessels in which the heating operation
is to be performed: thus in the carpenter’s glue-pot, the
vessel containing the .glue is inserted in another containing
water, the latter being the one placed in direct contact with
the fire.

25%. A water-bath, besides regulating and equalizing the
heat when required .near to 212°, may, from the liquidity of
the medium used, have its temperature ascertained by a ther-
mometer, and consequently regulated by attention to the
source of heat. Hence it offers the facility of raising sub-
stances in closed vessels to any given degree, between 212° and
ordinary temperatures: thus if it were required to know at
what point a certain wax or a new resin melted, it would only
be necessary to put a piece into a thin tube, and the tube with
a thermometer, into a water-bath, of which the temperature was
gradually raised, and moving the thermometer about to ascer-
tain the temperature of the bath, when just hot enough to
‘retain the substance in a fused state.

258. In the laboratory, the water-baths are generally of
extemporary construction. A tin or copper saucepan, shallow
or deep, according to the vessel to be heated, makes a very
‘excellent one. The immersed vessel should not touch the
bottom of the bath ; if it be a flask, or there be two or three
‘to be heated, some hay or straw, or in lieu of them a little tow,
should be placed at the bottom of the bath, and the flask or
flasks upon it. A board should be placed across the bath
with holes in it to receive the necks of the vessels, and retain
them upright and steady: or+even straw put loosely into the
vessel, or between the flasks, will answer the same purpose,
‘and at the same time prevent any bumping or violent ebullition
in the water of the bath. When the vessel to be heated
touches the bottom of the bath, heat gains access to it by ‘con-
duction, the temperature is 1o longer necessarily the same as
the boiling point of the water, and may at- times rise so high
as to do considerable injury.
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259. An evaporating basin frec;uently answers *the purpose

« of a water-bath, and the substance to be heated may

also be placed in a small basin and floated on the

water in the first. - A glass tube will often form a

water-bath for a tube somewhat smaller (918), and

frequently when the aqueous vapour would interfere

H it is prevented by making the bath-tube the shorter
: of the two.

260. It is necessary that attention be paid to the quantity
of water in the bath, that it may not be so far diminished by
evaporation as to occasion injury or derangement, either by
bringing the floating vessel into contact with the bottom, or
leaving parts of the bath itself uncovered. It is often useful
for many reasons to put a little oil on the surface of the water
in the bath. Suppose, for instance, the source of heat be. an
Argand lamp (212), or small furnace (158); as the tempera-
ture rises, evaporation increases so rapidly, that at last the
accession of heat is very slow, notwithstanding - the rapidity of
combustion, and may, at times, even be limited before it has
attained the boiling point, the loss in latent heat being equal
to the gain in sensible heat. A film of oil upon the surface
prevents the evaporation, and, consequently, the loss of heat in
this way, and the temperature rises more rapidly, and to a
higher degree than when the water is uncovered. If it be
required just below 212°, it is easily retained there with a
much smaller flame or fire than would otherwise suffice, the
water is not liable to diminution, nor will it require watching
or renewal, and the quantity of steam given off is compara-
tively nothing; a point of some importance at times to the
substance in the inner vessel.. In all cases when heat is re-
quired about a certain point below 212°, it is advisable to
have a thermometer bulb immersed in the bath.

261. When tempcratures’ above 212° are required in baths,
pure water must be dismissed, and either aqueous solutions or
metals used. There are several solutions useful for these
purposes, which boiling at “different temperatures will, of
course, communicate heat up to their boiling points. A satu-
rated solution* of

* Quarterly Journal of Science, xviii. 90. Giriffiths.
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Bitartraté®of Potassa, boils at . 2140
Alum 5 5 3 8 A 220
Borax " 3 3 3 . 222
Common Salt s . . 224
Tartrate of Potassa 5 . . 234
Muriate of Ammonia ik 3 236
Nitre . . o . . . 238
Rochelle Salt . o 5 . 240

If a particular temperature be required, 234° for instance,
it may be obtained in two ways: either by selecting a solu-
tion which when saturated boils at that point, as one of tar-
trate of potassa, and then the temperature is regulated by the
process of ebullition ; or a sufficient quantity of some other salt
may be added to the water, so as to form a solution which,
though not saturated, will require that or a higher tempera-
ture for ebullition, and the exact point may then be regulated
by a thermometer. Rochelle salt and nitré are convenient for
this purpose, the temperature being carried by them as high
as 238° or 240°. The use of oil over these solutions is equally
advantageous as in the water-baths (260). Such salts should
be selected as have no material action, when in solution, on
the vessels used, and are, at the same time, economical and
effectual.

262. Solution-baths will produce temperatures up to 860°,
but if higher temperatures be desirable, recourse must gene-
rally be had to metal-baths. Solution-baths are advantageous
for digestions, &c., carried on at temperatures above 212° and
while they possess the useful range of 20 or 30 degrees above
that point, they may be prepared with economy in sufficiently
large quantities, Metal-baths, on the contrary, are, both from
the weight and expense of the material, generally on a small
scale, and their principal use consists in subjecting substances in
tubes or other vessels to a given or an increasing temperature ;
or in ascertaining, by the gradual application of heat, which
may be measured by a thermometer, at what point any par-
ticular effect is produced. For these purposes small baths are
as effectual as large ones.

268. Mercury is the substance which first presents itself for
these uses: it may be applied, with care, from very low tem-
peratures up to 500° or 600°. If the experiments be made
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altogether in tubes (259), a temperature of 600° may easily
be communicated by means of it ; but if the bath be an open
vessel, a dish or crucible, for instance, then temperatures higher
than 450° should not be given to it; for the metal soon after
rises in vapour, and the fumes not only occasion waste of
mercury, but, at times, produce injury both to the experiment
and the health of the operator.

264. For temperatures from 212° and upwards, fusible
metal answers the purpose admirably. It consists of 8 parts
of bismuth, 5 of lead, and 8 of tin, fused together. It melts
at a heat below 212°, and will bear a red or even white heat
without evolving fumes; but at dull redness, thick films of
oxide form on its surface, which increase with its temperature,
Tin or lead are both good metals for temperatures above
their fusing points; the first melts at 441° the other at 609°
Fahrenheit.

265. These metallic baths may be used in glass tubes at
temperatures beneath that at which glass softens (918), or in
evaporating basins up to temperatures of 400° or 500°, but
only when small. When large, the weight of metal would
endanger both the vessel and the experiment. Earthen cru-
cibles are convenient for the immersion of tubes and similarly
formed apparatus, but when the mass of metal required is
great, an iron crucible or pot, or a small cast-iron saucepan,
should for safety be resorted to.

266. A thermometer may be employed to ascertain tem-
peratures as high as 650° but it should be open above for
degrees higher than 580°, as will be stated more fully in the
account of that instrument (290). In taking the temperature
of the bath the thermometer should be moved in the fluid, for
the purposes of equalizing the temperature of the whole by
intermixture (286), as much as possible; and, that the tube
or immersed body may also acquire an equal temperature with
the bath, it should also be moved about.. A little tallow or
pitch may be put upon the surface of metallic baths not mer-
curial, at temperatures below 700°, to prevent the surface from
oxidizing ; but, at higher temperatures, the volatilization and
decomposition of these bodies would occasion inconvenience.
If a bath be hot and covered with a coat of oxide, the latter

-
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should be moved on one side with a piece of card or stick, at
the moment the subject to be heated is introduced, otherwise
a coat may intervene, which will tend to prevent the ready
transmission of heat.

267. The operator should always bear in mind when using
baths, that the nature of the substance of which the inner
vessel, or that containing the body to be heated is composed,
has much influence over the transmission of the heat. It is
an obstruction through which the heat has to pass, and the
obstruction is the greater, as the conducting power of the sub-
stance is less. - If a substance be put into a glass tube, and
that tube immersed in a water-bath at 212°, it is some time be-
fore the contents of the tube will also acquire 212°. If the
tube were of metal, its contents would sooner acquire the ulti-
mate temperature, because of the superior conducting power
of the latter substance over glass (287).

268. There are occasions, though not of common occur-
rence, when a bath is wanted that will not permit a rise of
temperature so high as 212°. Thus in the preparation of
cuchlorine from chlorate of potassa and sulphuric acid, it is
prudent to heat the tube retort in spirit of wine, or a mixture
of alcohol and water ; for the temperature not rising so high as
with water alone, there is less probability of any accident with
this explosive gas.

269. Hot air is an excellent heating agent on many occa-
sions, in consequence of the facility with which it is obtained
and conveyed ; it therefore claims our present attention. If
it be convenient to procure it by any slight alteration about
the furnace (169),as for instance, by putting a cast-iron pipe
in one corner, such a source should not be neglected, and will
be found constantly useful; but in
general it will be-more advantageous to
obtain it by small fires or ]amEs, the
whole of the gascous produce of the
combustion being employed. A shallow
charcoal fire:in a small crucible fur-
nace (158) yields an abundant supply
of heated gaseous matter. A piece of
funnel pipe (165), supported on a

L
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tripod over the fire, serves as a channel for the hot stream which
may be conducted upwards or thrown right or left by ad-
justing pieces (168), as may be required : and the temperature
of the current itself may be regulated within certain limits
by placing the funnel pipe at a greater or smaller distance
from the furnace, or having different lengths of it, or
increasing and diminishing the fire. Such a current is useful
in making slow distillations or reetifications (439) ; in heating
flasks or globes; in warming electrical machines; and the fire
is easily renewed or arranged, and its intensity increased or
diminished by opening or closing the holes to the ash-pit with-
out disturbing the apparatus above,

270. Oceasionally, an Argand lamp may be substituted
for the charcoal fire, when an abundant quantity of hot air
may be obtained, by supporting a plate of metal, as a piece of
sheet copper a foot square, about an inch above the chimney
of the lamp (979). It breaks the current of heated gas and
vapours from the chimney, becomes hot itself, and heats the
air in contact with it. Such an arrangement is very useful in
drying papers placed over it (609), or in warming an electrical
machine.  Of course every source of combustion for such
purposes should yield produets free from smoke or fuliginous
matter,

271. Steam is in many situations a very convenient agent
for the application of heat up to temperatures not exceeding
212° Fahrenheit. If a source of steam, as a neighbouring
boiler, be available, nothing more is requisite than to conduct
the steam by a small pipe with a stop-cock into a box or vessel
containing the substance to be heated. A tin saucepan, for
instance, will hold several flasks or two or three retorts, and
being closed by a cover, having holes in which to adjust the
necks of the vessels, the passage of steam into it, in sufficient
abundance, will soon heat them up to 212°.

272. If a steam heat be indispensable for an experiment,
and a boiler be not at hand, its place may be readily supplied
by a tea-kettle, containing about a pint of water, or even by
a tin can ; pipes to convey the steam a few feet, if its pressure
be not more than that of the atmosphere, may be readily made
of oiled cartridge paper (1837). They should be an inch

K
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in diameter, formed of two or three circumvolutions of paper
tied round with thread or twine, and placed in an inclined
position, that water may not lodge in them. Such pipes should
also be surrounded by a loose case, formed by wrapping a
sheet of paper round them, so as to make as it were an ex-
ternal tube, at least half an inch larger than the internal
one. This prevents any great loss of heat, and consequent
condensation of the steam within them.
I 273. Dr. Ure has contrived a very conve-
/o <> & <\ nient apparatus for the application of heat by
steam. It consists of a tin box about eighteen
L inches long, by twelve broad and six deep.
, The bottom is hollowed a little by the hammer
towards its centre, in which a round hole is
cut of five or six inches in diameter. Into
this a tin tube three or four inches long is soldered. 'This
tube is made to fit tightly into the mouth of a common tea-
kettle, which has a moveable handle. The top of the box
has a number of circular holes cut in it of different diameters,
into which evaporating capsules of platinum, glass, or porcelain
are placed. When the kettle filled with water, and with its
nozzle corked, is set on a stove, the vapour playing on the
bottom of the capsules, heats them to any required temperature;
and being itself continually condensed, it runs back into the
kettle to be raised again in ceaseless cohobation. With a
shade above to screen the vapour chest from soot, the kettle
may be placed over a common fire. The orifices not in use
are closed with tin lids. In drying precipitates, the tube of
a glass funnel may be corked and placed with its filter directly
into the opening of a proper size. For drying red cabbage,
violet petals, &c., a tin tray 1s provided, which fits close to
the top of the box within the rim which goes about it. "The
round orifices are left open when this tray is applied.
274. A temporary steam bath sometimes readily and ad-
vantageously supplies the place of a water bath. Suppose
it were required to evaporate a solution at tempera-
@ tures not higher than 212° two cvaporating
basins should be selected nearly of equal size,
and putting water into the smaller, it should be placed on the

—

\[{5)



Sect. IV.] TEMPORARY STEAM-BATHS, 131

sand bath, or over a lamp or fire, and covered with the larger,
into which the solution is to be introduced. The smaller is in this
way converted into a chamber containing water at the bottom,
and, when heated, steam at the top ; the steam rises, condenses
against the bottom of the upper basin, heating it and its con-
tents, and the condensed water returns back to that below.
The excess of steam, if there be any, passes out at the side
where the lip of the basin leaves a little opening, and at such
a distance from the intevior of the upper basin, as not to in-
terfere with the concentration of its contents,

275. In other cases the water and steam bath may be use-
fully combined. The figure represents an arrangement in
which a saucepan is converted into a tem-
porary steam chamber. Three flasks are
arranged in it, the necks appearing through
holes in a tin plate, which serves as a cover,
and which should be dished a little, or de-
pressed in the middle. Water to the depth of an inch or two
is to be put into the saucepan, and when the vessel is placed
over a little charcoal fire, becomes converted into steam, which
rising and coming in contact with the flasks, elevates them
and all within the vessel to its own temperature. The water
condensed on the under surface of the dished cover trickles
back to that at the bottom of the vessel, and by management
the flasks are retained for any time at a temperature of 212°,
with very little escape of steam or evaporation of the water.
This arrangement is frequently more convenient than a water-
bath made deep enough to reccive the whole of the flasks,
because of its lightness and the superior steadiness of the
flasks, from their not being bucyed up by any quantity of
circumambient fluid. A similar arrangement is often useful
for distillation or rectification, the body of the retort being
introduced into the vessel and heated by the steam which
rises from the water beneath.

276. Upon occasions of refined investigation relative to the
force of vapours, or the conversion of liquid bodies into vapours
below temperatures of 212°, or even as high as 240° it is
useful, for the observation of the immersed apparatus, to have
baths of water or solutions, in glass jars or other vessels to
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which the fire cannot be directly applied, and which yet re-
quire to have their temperatures sustained for a certain period
of time. In these cases the end is best obtained by throwing
steam into the bath itself, through a tube descending to the
bottom of the liquid. Such steam must be obtained from a
boiler, because of the pressure of fluid it has to overcome; but
small experimental boilers from four to six inchesin diameter,
that may be placed over a lamp, are sufficient. The tubes
must be of metal or glass, not of paper. During the experi-
ment it is well to cover the bath with oil, to prevent loss of
heat by evaporation; and also to wrap it round with a dry
cloth, or a few folds of paper, when it is not necessary to watch
the changes within whilst the temperature is rising. In these
cases, two or three thermometers should be introduced into
the bath to detect any difference of temperature that may
occur at different parts; for where the surface is so large, and
the cooling agencies powerful, whilst the source of heat is con-
fined to one spot, it is necessary that great care should be
taken that all parts of the bath agree in temperature.

§ 4. Thermometers.

277. The thermometer being an instrument in constant use
for ascertaining temperatures within certain limits, it is essen-
tial that the student should be made acquainted with the errors
to which it is liable, the means of correcting them, and the
general circumstances by which its indications are influenced.
It will be unnecessary to describe the method of making these
instruments, for in consequence of the general diffusion of
chemical science, and the practice of chemical arts, they are
constructed and circulated in such quantities in commerce,
that it is difficult to imagine a place in which such pursuits
are likely to be carried on, where they may not be found.
Besides, the construction of a thermometer, though simple in
theory, is difficult in practice. It requires great tact and
dexterity to produce one of very moderate goodness; and
without steadily watching the process as performed by another,
or previously possessing much practical knowledge in glass-
blowing, &c., it would be a vain attempt to make one from
a written description. Ilere, therefore, we shall confine our-
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selves to the examination and correction of instruments which
are made by others; and this is the more necessary, since
ordinary thermometers are frequently inaccurate, sometimes
considerably so, and would often lead to gross errors in delicate
experiments, though sufficiently correct for common purposes.
278. The most usual thermometer is that which contains
mercury, and is sealed hermetically at the top. It should not
include air. To ascertain whether it is perfect in this respect,
invert it, and by a short sharp shake or two endeavour to
make the column of mercury descend in the tube. If but
little mercury be in the tube, nearly the whole being contained
in the ball, it may be difficult to effect this; it is then faci-
litated by warming the bulb until a longer column is propelled
into the tube, when the shake will generally cause it to descend.
As the mercury moves in the tube, it will either leave an
equivalent void space in the bulb above, or it will part in the
tube itself, a portion only of the column passing downwards,
In cither case the indication with regard to the presence or
absence of air in the tube will be the same, for if the metal
traverses the whole length freely and descends to the extre-
mity or nearly so, no air of any consequence can be present.
On the contrary, if it passes but a little way down the tube,
air is present. If it will not descend at all by any effort that
can safely be made, air may be suspected. When air is pre-
sent, it occasions irregularities in the indications of the instru-
ment, which can only be accurately ascertained by comparing it
experimentally with another thermometer known to be correct.
R79. Supposing no air to be present, the accuracy of the
graduation is next to be ascertained. Thermometers are
generally graduated by having two points marked upon their
stems, corresponding to the melting temperature of ice and
the boiling temperature of pure water in a metallic vessel
under the pressure of the atmosphere; and the intervening
space is then divided into a certain number of equal parts,
each being called a degree. Of these there are 180° in
Fahrenheit’s scale and 100° in the centigrade scale. If the
scale is to be continued above or below these points, it is done
by making divisions equal in length to the degrees thus ascer-
tained. To try the accuracy of the point marked 82° Fahren-
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heit, mix some pulverized ice or snow with a little water so as
to make a thin paste; introduce the bulb of the thermometer

: into the mixture, and agitate it there for a few
minutes until the mercury is stationary on the
graduation. If it accords with the point marked
82°, it is so far correct. To try the point 212°
Fahrenheit, put some distilled water into a me-
tallic vessel, into which also introduce the bulb
of the instrument, holding it near the surface of
or in the water; cover the vessel and make the
water boil so as to yield abundance of steam, the
barometer being at the same time at 80 inches,
or very nearly so; observe the thermometer after
a few minutes, when it has attained its maximum
of heat, and if the‘metal correspond with 212°,
that point is also correct.

280. Finally, to ascertain if the intervening
HEER degrees are equal, and in that respect likewise
=& correct, separate a portion of the column of mer-
9055 cury in the tube of one, two, or three inches in
a0 length from the rest, by inverting and jerking
the instrument as before mentioned (278); bring
it to different parts of the tube, and consequently
£ of the scale, by inclining the instrument more or
less in various directions, and by tapping it if
there be occasion ; and observe in all these situa-
tions whether the portion of mercury so separated
occupies the same number of degrees: if it does,
the instrument is accurate ; if it does not, the de-
grees are of different value in different parts of
the scale, and the instrument is incorrect.

281. Should it be found impossible thus to separate a small
part of the column to serve as a test of the scale between 82°
and 212° then the instrument must be compared with one
known to be correct, either from its having undergone such
trial, or from having been formed from a piece of glass tube,
previously examined with regard to the equality of its bore,
by forcing through it a small cylinder of mercury, and thus
measured in different parts (1870). If, on comparison, three
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or four equidistant points prove to be correct, and the scale is
found to have divisions of equal length in all its parts, then
it may be considered as good.

282. The method of ascertaining whether the scale is equally
divided, is to lay it by the side of another scale, an inch rule
for instance, and observing how many degrees are equal in ex-
tent to a given space on the second scale, then to move it up or
down, and examine whether in other parts the same number of
degrees are also equal to the same space. The student should
understand that ascertaining the points of 82° and 212°, and
also the equality in length of the divisions on the scale, is not
suflicient to ensure the accuracy of the instrument ; sinee, if
the tube be conical or otherwise irregular in the bore, a correct
graduation would give degrees unequal instead of equal in
length (1870).

283. If neither 32° nor 212° be contained on the scale of
the instrument to be examined, then it must be verified by
trial with a thermometer known to be correct, and three or
four points having been found to accord, the regularity of the
divisions must be examined as already described (282). If
one of these two important points be included it should be veri-
fied as before.

284. If the thermometer to be examined contain alcohol
instead of mereury, there is no opportunity of separating a
small cylinder of fluid to measure the equality of the division ;
or of ascertaining the point of 212° in the manner described
(279). That of 32°, and three or four others, must then be
ascertained as already described (281), and the equality of the
scale observed by comparison as before (282).

285. When the scale passes above 212° or below 82°, these
parts are examined only by observing that the degrees are
equal in bulk to those between the two points. This equality
is of course measured by the little cylinder of mercury, as
before explained (280).

286. In all experimental comparisons of thermometers,
essential care should be taken that time be allowed them to
acquire the temperature of the bath in which they are im-
mersed ; and they should be constantly moved about in it,
and made to change places, or serious differences may exist
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between them (266, 267). A large and a small bulb, or a
mercury and spirit thermometer, will take different periods to
heat and cool, and if observed hastily may not only be examined
whilst of different temperatures, but also whilst both differ
from the liquid in which they are immersed : treated in this
way good thermometers may seem bad, and more harm than
benefit will result from the investigation.

287. Itis for this reason that trials made by putting a good
thermometer and the one to be examined into a hot liquor, and
observing whether they sink together as the temperature falls,
are often fallacious. If the thermometers be dissimilar in bulk
or some other circumstance ; if the bath be small, and the time
occupied in observing the fall of several degrees be short, the
instruments will frequently appear to be a degree or two dif-
ferent, when, if properly examined, they would prove to be
alike; and neither of them will indicate, during the process,
the temperature of the bath in which they are immersed. It
is casy for the student to gain practical proof and experience
of the extent of this effect, by taking two thermometers, so far
resembling each other, as to indicate alike when immersed in
the same bath, and introducing the bulb of one of them into a
thin tube with a little mercury in it. Upon immersing that
tube in the same bath with the uncovered thermometer, and
allowing the heat to gain access to the instrument through the
intervening mercury only, he will find on comparing the two
instruments how great a difference will be occasioned between
their indications, as the temperature of the bath rises or falls.
This effect is 'due to the thin tube and the mercury it con-
tains, which obstructing the passage of the heat, retard the
changes of temperature in the thermometer itself (2067).
The effect varies with the thickness of the glass, and the quan-
tity of metal, and illustrates sufficiently the differences that
may be introduced in hasty experiments, by the variable
thickness of the bulb and quantity of mercury in the ther-
mometers.

288. There are some causes which slightly interfere with
the permanency of the indications of a thermometer ; but they
are of a delicate nature, and need not, except in particular
cases, be attended to. It is said that the constant pressure of
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the atmosphere on the exterior of the bulb, gradually alters its
bulk, rendering it smaller, and thus elevating the mercury, and
causing it to stand higher in the scale than it ought to do*.
It is also said that a thermometer, when cooled or heated con-
siderably, and then returned to its former temperature, does
not immediately give the same indication that it did before,
but is lower than it should be in the first case, and higher in
the second, from the tardiness with which the glass regains its
original bulk 1. These are refinements which it will not be
necessary for the student to consider, until he has advanced so
far in the seience as to be competent to enter into a considera-
tion of their presumed effects. All that will be necessary is to
try the thermometers, should they be old, to aseertain that the
graduation corresponds to the height of the mercury, and that
they have not suffered a change by time like the first of those
referred to. If any opportunity occurs of observing peculiar
changes or appearances, it will be proper to note them, for the
illustration and explanation of those presumed and delicately
influencing causes.

289. It will be unnecessary to describe the peculiarities and
uses of all the varieties of thermometers. No other liquid than
alcohol and mercury is now used. Ordinary alcohol thermo-
meters must not be employed for the indication of temperature
above 180°, for if subjected to higher, they would either yield
wrong indications, or burst ; but that fluid having never yet
been congealed, they may be applied to the indication of
exceedingly low temperatures, Mercurial thermometers may
be used for temperatures 20° or 30° below 0° or up to 500° or
600°. At these high temperatures they are very liable to vary
from each other in their graduation, for want of an unexcep-~
tionable and natural standard point by, which they can be
corrected.

290. A good mercurial thermometer bermetically sealed,
will not indicate temperatures higher than 580° (266), for
above that point the mercury boils in the bulb ; but when open
at the top, and consequently subject to the pressure of the
atmosphere, it will indicate temperatures from 60° to 70° higher.

* Bibliothéque Universelle, xx., 117.
+ Giornale di Fisica, v. 268. Bib, Universelle, xxi., 254, xxii., 263,
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If wanted for delicate experiments, these instruments should
be small, not merely in the tube, by which the divisions are
rendered larger and the indications consequently more minute,
but in the bulb also. A thermometer indicates temperature,
by taking from or giving to the heat “of the body to be
examined, until on an equality with it ; hence the body changes
in temperature upon the introduction of the instrument, and if
it be small, whilst the thermometer is large, the heat which
results when they are both alike, may be considerably different
from that of the body at first. This would cause an important
error, which is only to be avoided or rather diminished, by
using a thermometer so small that it shall not occasion a mate-
rial change in the temperature of the substance into which it is
introduced. A large thermometer is also longer in heating or
cooling than a small one, andrmay from the lapse of time neces-
sary to allow of its proper change, occasion an alteration of
temperature, by allowing the body tried to cool or warm (266).
Small thermometers are, therefore, frequently more useful and
accurate than larger ones ; and in order to compensate for the
diminished mass of mercury whose expansion is actually mea-
sured in the instrument, and to prevent the degrees from
lessening in length and delicacy with the bulb, the tubes are
usually made of a proportionably smaller internal diameter.
A great advantage is then gained by using a tube with a flat
bore, the capacity being rendered very small, and consequently
the degrees comparatively long, whilst the surface to be looked
at is large.

291. When a bulb is thin or large and the column of mer-
cury in the tube long, the instrument will occasionally be
affected in its indications by the position in which it is held.
Suppose a thermometer having a column of mercury of 15
inches in the tube, to be held perpendicularly, and afterwards
inverted, and the bulb held uppermost: if the column did not
descend or part in the latter position, there would be occa-
sioned a difference of pressure upon the exterior of the bulb,
equal to a whole atmosphere, by this simple change of position ;
for the column of mercury of 15 inches first exerting a pres-
sure into the bulb, would, in the latter state, be equivalent to
an equal pressure added upon its exterior, It is this difference
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of pressure which, when sufficient to affect the bulk of the
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