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A DIALOGUE

Between the Author, and a Practitioner who is about
to direct the Medical Studies of his Son.

PRACTITIONER.

I trust, my good friend, that you will give me some
credit for.the alacrity with which I have obeyed your
orders. My son has accompanied me to town, and we
are both impatient to avail ourselves of your friendly
advice. '

AvuTtHoR,

The Medical Lectures will commence next week,
and you were prudent to get a few leisure days for the
preliminary arrangements; I need scarcely add that
my services are at your disposal, although I feel no
small degree of diffidence in offering advice to a prac-
titioner who has been nearly thirty years in the active
exercise of the profession.

PracTITIONER. ‘

On the score of experience, I claim but one privi-

lege, or rather indulgence; to question a little more

freely, than might otherwise be permitted, the ex-

pediency of several of the prevailing opinions, without
a
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incurring the penalty of Midas. The truth is that for
the last twenty years I have been so absorbed in medi-
cal practice, that I have neither found leisure nor
inclination to enquire into the improvements of medical
education; and I therefore apply to you for such
information as may supply my deficiency.

AUTHOR.

During the period you mention, general knowledge
has made a rapid stride; and it would have been
¢ passing strange’ had not medical science partici-
pated in the advancement; but I am by no means
satisfied that our system of teaching has been improved.
It is true that amongst our Metropolitan lecturers,
may be ranked some of the first philosophers of the
age ; but there are many competitors, some of whom,
to maintain their ground, have introduced a system of
« grinding,”’ or “ cramming’’ as it is technically called
in our universities, which allures pupils, from the as-
sistance it affords them in passing an examination at
the College of Surgeons, or at Apothecaries’ Hall, but
is, in my humble judgment, ill calculated to impart
solid information.

PRACTITIONER.

This remark is not new to me. I have often been
astonished at the harlequinade dexterity with which a
college license has transformed the new student into
the sapient practitioner, and the humble scholar into

the dogmatical lecturer.
) »
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AvuTHOR.
The evils which arise from such a system are to be
easily avoided. But before I proceed to offer you any
advice upon this subject, you must inform me of the
views you entertain respecting the future destiny of
your son. Do you intend that he shall succeed you in
eountry practice, or will you send him forth as a sur-
geon or physician. After the extraordinary success
which has attended your townsman, I conclude that
nothing short of the rank of a London Physician will
bound your expectations.

PRACTITIONER.

The case, my dear Sir, to which you allude, must
tend to extinguish rather than to encourage such am-
bition. I never dwell upon the extraordinary success
of that man, but the Persian fable immediately intrudes
itself upon my recollection. “ A drop of water fell
out of a cloud into the sea, and finding itself lost in
such an immensity of fluid matter, broke out into the
following reflection. ¢ Alas! what an insignificant
creature am I in this prodigious ocean of waters; my
existence is of no concern to the universe; I am re-
duced to a kind of nothing, and am the least of the .
works of God.” It so happened that an oyster which
lay in the neighbourhood of this drop, chanced to gape
and swallow it up in the midst of this its humble
soliloquy. ¢ The drop,’ says the fable, ¢ hardened in
the shell, until by degrees it was ripened into a pearl,
which falling into the hands of a diver, after a long

a?
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series of adventures, is at present that famous pearl
which is fixed ‘on the top of the Persian diadem.’

AvuTHOR.

From which I am, of course,. to conclude that you
consider the worldly success of a physician to be alone
dependent upon accidental circumstances which no
wisdom can foresee, nor any prudence control.

PRACTITIONER.
Such, I believe, was the opinion of no less a person
than Dr. Samuel Johnson, whose judgment you will
scareely venture to question.

, AvtHoH.

- 1 am ready to admit that < Victory is not always
to the strong;” and I am well acquainted with
instances in which superiority of success has ‘been
united with inferiority of pretensions; but, as Dr.
Young has very justly remarked; whatever may be the
accidental irregularities inseparable from the operation
of moral causes, it must be admitted that every man’s
chance of success in his profession will be in some

measure proportionate to his merits and his talents ;—
" in the lottery of physic, as in all other lotteries, the
chance of a man who *holds ten tickets 'must be deci«
dedly better than one who is possessed but of five.
The same argument will apply to the courteous ad-
dress and behaviour of a practitioner; we have seen
the most unpolished and even indecorous manners
distinguish the most successful, but are we, on that
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“account, to argue that urbanity and kindness are of no
avail ? Dr. Radcliffe told Dr. Mead, as a great secret,
that the true way to succeed in Physic was to use every
body ill ; but Dr. Mead used nobody ill, and succeeded
better than Dr. Radcliffe.

PrAcTITIONER.

‘Whatever opinion I may entertain upon this subject,
it will not influence my determination to afford all the
advantages of education to my son; “ We cannot
command success, but we will do more, Sempronius,
we will deserve it.”” For the same reason, I do not
think it necessary to come to any immediate decision
respecting his future plan of life; for, however neces-
sary it may be to separate the different departments of
practice in a great city, no part of the elementary or
preliminary studies should be neglected by a student
of any description; thus prepared he can afterwards
pursue any line of practice which existing circum-
stances may render most eligible. My son is now
nineteen years of age, he has been grounded in clas-
sical knowledge, and possesses some general ideas upon
the subjects of Natural Philosophy; with regard to
Physic, with the exception perhaps of a little infor-
mation on subjects of Pharmacy, he is entirely igno-
rant. Under these circumstances, how are we to pro-
ceed ?

AUTHOR.

I should recommend Anatomy as the first object of
his pursuit, a knowledge of this branch cannot be too
early attained ; enter him therefore at once with sume
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good teacher, and after he has attended one course of
lectures, let him commence dissection; at the same
time, he should be admitted as a pupil at some Hos-
pital, in order that he may become practically ac-
quainted with the history and treatment of disease ;
his attendance also at lectures on the Theory and Prac-
tice of Physic will be necessary. Such a course of
study will be amply sufficient for his first season. In
the second year of his residence in London, he may
attend to lectures on Surgery, and Midwifery; and on
Chemistry, and the Materia Medica. The third year
may be advantageously spent in Edinburgh, which is
unquestionably one of the first medical schools in the
world, greatly inferior,* however, to London, with
regard to anatomy ; and on that account, the first year
of study will be better spent in London; and he will
be thus enabled to receive a greater profit from the
excellent clinical and practical lectures which are an-
nually delivered in Edinburgh. During the Summer
recesses, he will do well to cultivate a knowledge of
Botany, and to enter upon a course of medical read-
ing; he may, at the same time, amuse himself with the
repetition of the various chemical experiments which
he had witnessed during his attendance at lectures.

PracTiTiONER.

What is your opinion respecting the advantage of
taking notes at the several lectures.

* In consequence of the difficulty of obtaining recent subjecls,
"This embarrassment, however, now threatens the London schools,
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AvuTnogr.

No pupil should make the attempt during a first
course ; for, in the first instance, the subjects will be
80 novel, as to require the entire devotion of the stu-
dent’s mind ; and if heattempt to reduce any part to
writing, he will lose the thread of the discourse, and
be unable to follow and comprehend the lecturer.
When, however, he retires to his chamber, after the
lecture, much advantage will arise by his making
memoranda of such facts or opinions as may have ap-
peared to him the most striking. In the second course,
the practice of taking notes is of decided utility ; but
the use of short hand, on these occasions, is, in every
way 1o be reprobated. It converts, says Dr. Young,
the writer into a mere machine; it employs him in
copying words, instead of digesting and compressing
thoughts ; and unless he has two or three more hours
to bestow on the same subject after the lecture, which
very few lectures are worth, his manuscript remains
in a form almost as inconvenient for reference, as if it
were written in an unknown language. :

PRACTITIONER.
All these hints will be of great value to us.

AUTHOR.

1 have nothing more, 1 believe, to add with respect
to the London Lectures. If your object be to educate
your son as a Physician, lose no time in admitting him
at Cambridge or Oxford. :
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PRACTITIONER.
But these are not medical schools.

AvuTHOR.

It is most extraordinary to me that this senseless cry
should be so long continued. Is technical knowledge
all that is required for the accompllshed physician ?
do not the liberal pursuits, which are so successfully
cyltivated in those seats of learning, contribute to the
elevation of the understanding, to say nothing of the
gentlemanly manners and feelings which are thus ac-
quired by intercourse with the most exalted characters
of the age? Why is the rank of the regular physician
so much higher in this than in any other country?

_because he must receive his education in the same
school as that in which the nobles and statesmen of
the land are instructed.

PRACTITIONER.

I thank you much for the sketch you have afforded
me; I shall be guided by it, filling up the outline
according to the circumstances and particular vieﬁrs
which may present themselves. I am also, to speak
candidly, not a little pleased to find that you have laid
less stress upon the necessity of Chemxstry, than 1 had
anticipated.
| AUTHOR.

Mistake me not.—T have certainly not assigned to it

' more importance than T conceived necessary ; but you
must distinctly understand that I consider no man
capable of practising the profcsslon of physic without
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a competent knowledge of it ; and I am quite certain
that, without its assistance, he can never discharge his
duty to himself| or to his patient.

. 'PRACTITIONER.

I have now been settled as a medical practitioner for
upwards of five and twenty years ; and I need scarcely
observe that in my younger days Chemistry was scarcely
regarded as a branch of medical study ; my knowledge
on this subject is necessarily, therefore, extremely im-
perfect ; but I feel no hesitation in declaring, that in
no single instance do I remember ever having felt an
embarrassment at the bed side, or in the Surgery, from
my deficiency ; and I am strongly inclined to regard jt
rather in the light of an accomplishment, than in that
of a necessary and indispensable qualification. -

AUTHOR. |
Your argument, if such it can be called, amounts
to no more than this,—that you have never felt the
want of that which you never knew.

PrACTITIONER.
If T have never known the advantages of Chemistry,
I have, at least, experienced some of its evils; and I
think you will admit, notwithstanding all your preju-
dices in its favour, that the Physiologist can have but
few obligations to it; recollect only some: of the nu-

merous fallacies which have arisen from chemical
theories.
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AvuTHOR.

If it be philosophical to argue againt the utility of
an instrument from a few instances of its abuse, I must
certainly leave you in the undisturbed enjoyment of
your assumed triumph ; but remember the exclamation
of Friar Lawrence—¢ Virtue itsclf turns Vice, being
misapplied.”

PRACTITIONER.

You acknowledge then the extent of the evils which

have flowed from your favourite science.

AvUTHOR.

Most cheerfully. Nuy, 1 go farther, I triumph in
them. Pope has somewhere said that when a man
owns himself to have been in error, he does but tell
you that he is wiser than he was; and you must admit
that it would be truly discouraging, if the Physiologist
of the present day, with all the advantages of modern
discovery, were unable to detect the errors of his pre-
" decessors.

PRACTITIONER.

You will scarcely venture to assert that the living

power is not constantly opposed to chemical action.

AvuTHOR.

And, for that reason, it is essential to learn the na-
ture of chemical action, before we can attempt to ap-
preciate the extent of that force which modifies or
resists it. But there are changes perpetually going on
in the animal body that are beyond the control of the
living principle, and therefore the Physiologist, who
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is not a Chemist, will be utterly at a loss to compre-
hend them.

PRACTITIONER.

He will thus, at least, avoid error; and escape the
danger of those false lights, which, like Will o’ the
Whisps, have ever led astray those who have pursued
them. ’

AvuTHOR.

Chemistry alone can enable you to avoid such false
lights ; the benighted traveller will best defeat the
treachery of the Will o’ the Whisp by carrying a lamp

in his own hand.

PracTITIONER.
And you are now endeavouring to seduce me from
the safe path by the false glare of an allegory.

AvUuTHOR.

1 will at once refute that charge by a plain practical
illustration. I need not remind you that, for many
years, the cause of all calculous disorders was referred
to the impurities of water. This idea, so far from
being the suggestion of chemical theory, arose, I be-
lieve, entirely from the occurrence of certain sediments
observed in water, and supposed to resemble, in ap-
pearance, the calculi found in the human subject ; and
had not the Chemist refuted the error, the prejudice
might still have continued, and the crust of the tea
kettle have remained a source of perpetual terror. Is

this no obligation conferred by Chemistry upon medi-
-cine ?
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PracriTiONER.
I admit it. The fact is striking, and never occurred
to me before.
, _ AvUTHOR. ,
Let us examine the subject a little farther. You
must well know that old persons are extremely liable

* to be affected with calculous accumulations in the

prostate gland. The Chemist examined their compo-
sition, and found them to consist of phosphate of lime
combined with ammonia; by reasoning upon this fact,
"he was led to conclude that the matter was derived
from the spontaneous decomposition of urine, which
by yielding ammonia precipitated the phosphoric salt,
and thus formed the concretion in question. The prac-
tice suggested by this discovery is obvious; to empty
the bladder at intervals, and prevent the decomposition
of urine in its cavity. The experiment succeeds, and
much human misery has been prevented. Is this no
obligation conferred upon Medicine by Chemistry 2

PrAcTiTIONER.

I confess myself a convert upon these points; but J
have another charge to bring against Chemistry, which,
I fancy, you will not so easily refute. It has enabled

_the manufacturer to adulterate our drugs with greater
art.
AvuTtHoRm.

Then become a Chemist, and you will be enabled,
by very simple means, to detect the fraud ; in this case,
Chemistry, like the spear of Telephus, carries upon its
surface a bulm for every wound it may inflict. Once
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for all, my good friend, I advise you to cease your hos-
tilities ; for like the Philistines of old your forges serve
for no other purpose than to sharpen the defensive
weapons of your adversaries. . .

PrAcTITIONER.

I am content. 1 feel the great importance of the
science from the few striking arguments you have used,
and I am most anxious to impress the same feeling
upon my son.

AvuTHOR.

- Before I quit the subject, I would say a few words
regarding the impolicy of neglecting the study of Che-
mistry in the present enlightened age. ' This science,’
which during the last ten years has scarcely been known
beyond the precincts of a small circle of philosophers,
is rapidly extending itself through all ranks of the com-’
munity ; the higher classes of society are crouding to
the lecture rooms of our public institutions, and the
mechanic and artisan are becoming enlightened through
~ the medium of chemical societies, and the extensive
circulation of cheap publications. What would be
the surprise of our fathers, could their spirits revisit us,
to see a sectarian meeting house crouded to excess with’
mechanics, to hear a chemical lecture from the reading
desk! In such a state of intellectual advancement,
what will become of the medical practitioner, unless
he keeps pace with the general progress 2 It is obvious
that he must lose his place in ghe scale of society, and
the credit and respectabjlity of the ‘profession must
sink. “The mere mechanic will be the better man, and
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he will look down with contempt upon the physician
or apothecary, who being ignorant in Chemistry, must,
as his reading will have iuformed him, be ignorant in
the most essential parts of his avocation.

PrAcTITIONER.
Patients trouble themselves no more about the science
of their doctors, than we do about the mathematical
acquirements of our carpenters.

AvuTHoR.

There is no analogy in the cases. The mechanic
merely follows, by routine, the same work which has
been performed by hundreds before him ; but the Phy-
sician, in every particular case, has a new problem to
solve, for which he has to exert his reason, and to
invent expedients for each exigency. He is not there-
fore to be compared to the working mechanic, but to
the inventor of new machinery, and you will admit,
1 trust, that science is of some use to the Engiheer.

PRrACTITIONER.
Itis unnecessary to carry your arguments any farther,
I have already confessed myself your convert, and am
now anxiously waiting to learn the plan on which my
son ought to commence the study.

AvuTHOR.
Before he attends any lectures upon Chemistry, it
will be advisable for him to read some elementary
work, in order that he may gain a general notion of
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the nature and objects of the science. He may then
attend a regular course of lectures, and he will derive

the greatest advantage from repeating the experiments
in his own chambers.

PrAcTITIONER.

Then he must procure apparatus, which will of
course be attended with considerable expense; surely
by attentively observing the experiments at the lectures
this may be rendered unnecessary.

AvUTHOR.

Without actual experiment, believe me, it is quite
impossible for a student to acquire any solid knowledge
of the science. ¢ Nihil est in intellectu quod non
Suerit in sensn,” was the motto which the celebrated
Rouelle caused to be affixed in large characters in a
conspicuous part of his laboratory, and I heartily con-
cur in the justness of its application. With respect to
the nature and extent of the apparatus which is re-
quired for the elucidation of philosophical principles
there is a very general misconception. By means of a
common wooden tub, a quantity of tobacco-pipes, and
florence flasks, and a few dozen differently sized corks,
with glasses and phials, I will undertake to illustrate
all the leading facts in Chemistry.

PRACTITIONER.
I am no less amused than gratified by the success
with which you have combated my prejudices, and
removed the difficulties which my ignorance of the sub-
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ject had created. But you just now observed that
some elementary work should be attentively read be-
fore a student enters upan the lectures. -May [ gequest
you to direct our choice upon this occasion. '

AUTHOR.
" There-are three works which every student, desirous
of becoming an accomplished Chemist, should possess.
Henry’s Elements of Chemistry, Brande’s Manual, and
Dr. Ure’s Chemical Dictionary. As, however, no ele-
mentary work on Chemistry has hitherto been pub-
lished for the exclusive use of the medical student, 1
have undertaken to supply the deficiency ; and in the
execution of this task, I have endeavoured to exclude
whatever appeared to me to have no direct application
to the profession ; indeed the work is founded upon
the notes from which I formerly lectured; and as my
pupils were entirely medical, it was my care to collect
all the chemical facts of professional interest, to con--
duct the student to a knowledge of their principles by
the shortest path, and to remove from his road every
adventitious object that might obstruct his progress, or
unprofitably divert his attention.

PRrACTITIONER.

You are, nevertheless, a bold man to add another
work on a science upon which so much has been al-
ready written.

. AvUTHOR.

It may be so. But you will say that I am still

bolder, when I tell you that it is my intention to in-



A Dialogue. xvii

troduce the heads of the conversation we have just held
together, in the place of a didactic Preface.
PRACTITIONER.
It will at least have novelty as its recommendation.

"AuTHOR.
That I fear would not go far in disarming the wrath
of the critic, unless it ensured advantages which the
more usual style of a preface could not command.

PRACTITIONER.
But you will not surely venture te print your obser-
vations upon the present style of lecturing.
i AUTHOR.
Why not? ¢ Licet omnibus, licet etiam mihi, dig-
nitatem ARTIS MEDICE tueri; potestas modo veniendi
in publicum sit, dicendi periculum non recuso.”

PRACTITIONER.
But may they not give personal offence 2

AUTHOR.

I have no such intention. ¢ Quis rapiet ad se quod
. erit commune omnium 2"’

b
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ELEMENTS OF CHEMICAL SCIENCE
AS IT IILAT'BS TO Tl'll DIFFERENT BRANCHES OF

*MEDICINE.

1. CuemisTry is that branch of Science which
enables us to examine the constituent particles of
bodies, with reference to their nature, proportions, and
different modes of combination; and to investigate
the laws of Attraction, Heat, and Electricity, by the
operation of which these particles are perpetually un-
dergoing change.

2. As the minute particles of matter are alone actu-
ated by such forces, Chemical changes are not accom-
panied by sensible motions ; a fact which enables us,
very conveniently, to consider Chemistry as distinct
from Natural Philosophy, for the pheenomena, which
are conventionally referred to this latter ‘province, are
characterised by apparent motion. Thus, the science
of Mechanics treats exclusively of the nature, pro-
duction, and alteration of motion, and the doctrine of
equilibrium ; that of Hydrostatics, of the motions of
fluids, and of the pheenomena which result from them;
while Astronomy traces the motions of the heavenly
bodies, determines their orbits, and measures their
velocity.

A



2 Different branches of Natural Philosophy

3. Nor are the results of these two classes of action
less distinct from each other, than are the causes by
which they are produced ; that which attends the for-
mer being a change of properties, whereas that which
distinguishes the latter is evidently, at most, a mere
change of place ; thus, if two highly caustic substances,
as Sulphuric acid, and Potass, are made to act che-
mically upon each other, a new body is produced,
which bears no analogy to either of the ingredients;
and yet this change, great and striking as it may ap-
pear, is not accompanied by any motions which can be
submitted to calculation or admeasurement.

4. But while we thus acknowledge the truth of
such a distinction, for the sake of adopting a classi-
fication that may serve to subdivide the chain of
human knowledge, which from the number and extent
of its links can no longer retain its unity, it must
nevertheless be acknowledged that, in treating either
of the one, or the other, of these classes of pheenomena,
we shall not unfrequently be compelled to exceed the
exact boundaries of our definition, and even on some
occasions to call in the aid of the one, for the full
investigation or illustration of the other. Thus, for
instance, on the very outset, as well as at the con-
clusion of many chemical inquiries, we shall require
the use of the balance for estimating the absolute
weight of the bodies submitted to examination; the
theory and application of which, in their relations to
Gravitation, must be considered as the exclusive object
of Natural Philosophy; while, for the purpose of
ascertaining the comparative densities, or Specs jic Gra-
vities, of such substances, we shall require the assistance
of Hydrostatics. In the same manner the various in-
struments employed in chemical experiments will be
found to be either mechanical, hydrostatical, or hy-
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draulical, in their principles of construction.® In the
examination of the laws of chemical combination, we
shall find that the same materials will, in general, unite
in certain definite proportions, which cammot be chan-
ged, without producing corresponding changes in the
characters of the compounds arising from their union—
an investigation which involves the necessity of me-
chanical, or of mathematical knowledge; while the
theory of Crystallization, and the examination of the
various regular and determinate figures to which that
process gives origin, Tequire some acquaintance with
the principles of geometry.

5. The same motives that suggested the advantage
of separating Chemistry from the other branches of
Philosophy, may now sanction the propriety of dividing
Chemistry itself into as many ramifications as the dis~
tinct and prominent purposes to which it is subservient ;
for, when this science is discussed in accordance with
its generally received definition, (1) it necessarily em-
braces a range of subjects so wide and diffusive, that
the light which, if properly concentrated in a focus,
might be thrown with so much effect, upon any par-
ticular branch of knowledge, is thus, as it were, en-
feebled by the extent of its radiation. Such was the
conviction that induced me to collate the chemical
notes of my Lectures, and to present them in an em-
bodied form to the medical student ; and, as far as the
intimate relation which subsists between the different
parts of Chemistry would allow the separation, I have
endeavoured to exclude whatever has not a direct

® As one of the objects of this work is to ceconomise the labour
of the medical studeat, and to supersede, as far as possible, the
neeessity of reference to a variety of books, I shall introduce as
much Natural Philosophy as may be necessary for the elucidation
of the principles upon which such instruments are constructed.
A2



4 In what manner Chemistry

application to the study and practice of the professiorn.
Few circumstances have contributed more largely to
the general advancement of science than such a division
of labour, and I question whether to such a cause we
may not principally attribute that rapid progress of
philosophy which has so eminently distinguished the last
half century. Physiology is certainly much indebted
to an arrangement of this kind for its present extended
scale of improvement; for, although the highest im-
portance had been attached to the study of the human
body from the earliest period, yet its functions were
never made a distinct and separate object of inquiry
until the beginning of the last century. Itis true that
" the writings of the ancient physicians, and of the earlier
among the moderns, abound in physiological specula-
tions, but they are rarely brought forward in a con-
nected or systematic form; so that we are obliged to
collect our knowledge of their tenets more from a num-
ber of scattered fragments, dispersed through works on
medicine and pathology, than from treatises expressly
devoted to the subject.*

6. The science of Chemlstry may be said to be sub-
servient to Medicine, in demonstrating the various
changes which occur in the component parts of the
animal body, under the different conditions of health
and disease; and in appreciating and explaining the
phceenomena accompanying such changes ;—in. inves-
tigating the composition and occasional deterioration
of the air we breathe, and of the various solid and fluid
substances which we employ as aliment or medicine ;—
in suggesting processes of art by which natural bodies

# Scc ** An Elementary Systemn of Physiology, by John
Bostock, M.D. F.R.S., a work which I strenuously recommend
to the attention of the medical Student. -
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may be adapted, or new and artificial compounds pro-
duced, . for administration as remedies ;—in detecting
the presence, and.counteracting the effects, of various
noxious substances which may, either from accident or
design, become instrumental in impairing health, or in
destroying life ;—and lastly, in instructing the prac-
titioner how he may best direct the admixture and
combination of various remedies, without the risk of
occasioning such changes in their properties, as may
alter or invalidate their efficacy. It would appear
therefore that the Physiologist, Pathologist, Physician,
Toxicologist, and Pharmacologist, may each, in his
turn, derive important information from the cultivation
of Chemistry ; and numerous examples, in illustration
of this truth will occur to the reader during the pro-
gress of the present work.

7. The living body has been frequemly compa.red
to the Laboratory of the Chemist, in which those va-
rious compositions and decompositions are continually
proceeding, upon which the pheenomena of its ceconomy
have been supposed to depend. It will be readily per-
ceived that so general a proposition must involve many
fatal fallacies, and their detection has accordingly fur-
nished some specious arguments against the utility. of
chemistry, while the absurdities, into which its san-
guine votaries have been betrayed, have too apparently
sanctioned the propriety of the objection; ¢ A reproach
to a certain degree just,” says Sir Humphry Davy,
¢ has been thrown upon those doctrines known by the
name of Chemical Physiology; for in the application
of .them, speculative philosophers have been.guided
rather by the analogies of words than of facts. Instead
of endeavouring slowly to lift up the veil which con-
ceals the wonderful phenomena of living nature, full
of ardent imaginations, they have vainly and presump-
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tuously attempted to tear it asunder.” Before how-
ever, the philosopher can be fairly convinced of the
inaptitude of chemical reasoning to the objects of phy-
siology, he must receive some arguments aguinst the
use of this science, more potent than those which are
deduced only from its abuse. An objection, the most
specious perhaps that has ever been urged upon this
occasion, is founded upon the axiom, that animated
bodies are not only enabled to resist all the laws of
inanimate matter, but even to act on all around them
in & manner entirely contrary to those laws. To be-
come satisfied of this universal truth, it is said that we
have only to consider these bodies in their active and
passive relations with the rest of mature; a subject
which has been beautifully illustrated by Cuvier in his
Lectures on Comparative Anatomy. “ Let us,” says
he, ¢ contemplate a female in the prime of youth and
health. That elegant, voluptuous form,—that graceful
flexibility of motion,—that gentle warmth,— those
cheeks crimsoned with the roses of delight,—those
brilliant eyes, darting rays of love, or sparkling with
the fire of genius,—that countenance, enlivened by
sallies of wit, or animated by the glow of passion, seem
all united to form a most fascinating being. A moment
is sufficient to destroy the illusion. Motion and sense
often cease without any apparent cause. The body
loses its heat ; the muscles become flat, and the angu-
lar prominences of the bones appear ; the lustre of the
eye is gone; the cheeks and lips are livid. These,
‘however, are but preludes of changes still more horri-
ble. The flesh becomes successively blue, green, and
black. It attracts humidity, and while one portion
-evaporates in infectious emanations, another dissolves
.into a putrid sanies, which is also speedily dissipa-
ted. In short, after a few days there remains only a
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small number of earthy and saline principles. The
other elements are dispersed in air, and in water, to
enter again into new combinations. It is evident that
this separation is the natural effect of the action of the
air, humidity, and heat ;—in a word, of external mat-
ter upon the dead body; and that it has its cause in
the elective attraction of those different agents for the
elements of which the body is composed. That body,
however, was equally surrounded by those agents while
living, their affinities with its molecules were the same,
and the latter would have yielded in the same manner
during life, had not their cohesion been preserved by a
power superior to that of those affinities, and which
never ceased to act until the moment of death.” It
will not require much address to convert any objection
against the utility of chemical knowledge, grounded
upon such reasoning, into an argument in proof of its
necessity and importance. If the energies of life are
thus rendered manifest by the dominion which they
exert over chemical and mechanical forces, it certainly
behoves' the physiologist to ascertain the nature and
extent of such forces ; for, without determining exactly
the exceptions which an animated body enjoys over
that which is inanimate, how can he expect to under-
stand the nature of the power which governs it2 as
well might the mechanical philosopher attempt to mea-
sure the force of a machine without any estimate of
the weight and nature of the materials which it is de»
~ signed to actuate.

8. Nor must it be forgotten that in some of the
functions of the living body, the vital energy would
seem rather to correspond in its action with chemical
affinity, than to oppose or supersede its influence ; and
several of the senses may be said to owe their energies
to the perfection of organs which are entircly con-
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structed upon philosophical principles.. Thus are the
laws of optics and acoustics in active operation during
the exercise of the visual and auditory apparatus ; and
it is a question whether some chemical action is not
established by the agency of sapid bodies upon the
epidermis of the mucous membrane of the mouth ;- it
is, at least, seen evidently in some cases, as in the
effects of vinegar, the mineral acids, a great number of
salts, &c. By the same agents similar effects are pro-
duced upon dead bodies; and Dr. Majendie thinks
that’to this species of combination the different kinds
of impression, made by sapid bodies may be fairly attri-
buted, as well as the variable duration of such impres-
sions., Nor is it reasonable to deny that many of our
remedies may act by a chemical action on the alimen~
tary canal ; alkalies are thus frequently serviceable, by
clearing the prime vie of superfluous animal matter,
which they effect by forming with it a soluble com-
pound. If the origin of animal heat cannot. be satis-
factorily traced to a strictly chemical source, its main-
tenance, distribution, and regulation may, at least, be
shewn to depend upon the agency of those laws which
alike govern the temperature of :inert maatter. Do we
not perceive that every animal, suffering from dimi-
nished temperature, instinctively diminishes the surface
of its body, which is in contact with the cooling me-
dium? Man, under such circumstances, is seen to bend
the different parts of his limbs upon each other, and
to apply them forcibly to the trunk.* It will be also
seen, when we come to consider the nature of capillary
action, that many of the phcenomena of living bodies,
which have been erroneously attributed to the action

* Children and weak persons often take this position when in
bed. It would therefore be improper to confine young children
in swathing clothes, so as to prevent the necessary flexion.
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of the living principle, may be satisfactorily explained
by the simple operation of this attractive force. The
absurdities of the chemical and mechanical sects have
undoubtedly driven the modern physiologist into a
mischievous scepticism with regard to the influence of
physical causes upon a living animal ; ‘John Hunter
even, to associate whose name with error will be re-
garded by many as an act little short of impiety, has
repeatedly attributed to the specific effect of life,
actions that ought to be solely referred to the powers
belonging to inanimate matter.” In the same manner,
an objection to impute to the physical property of
elasticity, certain phenomena exhibited by membranous
structure, has led Bordieu,* Bichat,+ Blumenbach, {
and others, to assign to it a peculiar vital power whose
existence has neither been proved by expenment, nor
rendered probable by analogy.

9. But there is another point of view in which the
same question may be advantageously regarded ; the
pathologist will have to contemplate the living powers
in various states of languor and decay, when they will
be found incapable of wholly resisting the laws which
govern inanimate matter; and we shall learn, during
the progress of the present work, that in certain con-
ditions of the human body, several of the fluids will
undergo the same chemical decompositions, as would
take place in the laboratory. 'The same observation
will apply to the agency of mechanical causes. Ina
state of perfect health, the fluids of the body will not
descend to the inferior parts, agreeably to the law of
gravitation, because the vital power opposes itself to
this hydraulic pheenomenon, and with an energy, in

* Recherches sur le Tissu Muqueux, § 70.
+ Traité des Membranes, p. 62, 101, 138.
4 Institut. Physiolog. § 40, 59. »
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direct propottion, as it would seem, to the robust and
vigorous state of the individual ; for, if the person be
reduced ‘by disease, this tendency will be only imper+
fectly resisted;-the feet in consequence will swell. The
following experiment. of Richerand may be here re.
lated, to shew how greatly the power manifested in the
living body of resisting, with more or less success, the
influence of physical force, is-enfeebled by disease. He
applied bags filled with very hot sand all along the leg
and foot of a ' man who had just undergone the operas
tion for popliteal aneurism ; the artery was tied in two
places under the ham. Not only was the usual cold-
ness which follows an interruption of the circulation
thus prevented, but the extremity so inanaged acquired
a degree of heat much greater than the ordinary tem-
perature' of the body. The same apparatus, when
applied to0 a healthy limb, was unable to produce that
excess of caloric, obviously in consequence of the
energy of life opposing such an effect.

10..- Mr. Earle has published an intéresting paper ®
to prove that, when a limb is deprived of its due share
of vitality, it is incapable of supporting any fixed tem-
perature, and is peculiarly liable to partake of the heat
of surrounding media. The cases which are adduced
prove also ‘that a member 80 'circumstanced cannot,
without material injury, sustain a degree of heat which
would be perfectly harmlees, or even agreeable, to a
healthy part; thus, the arm of a person became para-
lytic, in consequence of an injury of the axillary plexus
of nerves, from a fracture of the collar bone; upon
keeping the limb, for nearly half an hour,.in a tub of

* Cases and Observations, illustrating the influence of the
Nervous System, in regulating animal heat, by H. Earle, Esq.
Published in the 7th volume of the Transactions of the Medico-
Chdturgical Society.
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warm grains ¢ which were ‘previously ascertained by
the other hand net to-be 800 -hot,” the whole hand be~
came blistered in a most alarming menner, and sloughs
formed at the extremities of the- fingers. - In & second
case, the ulnar nerve had been divided by the surgeon,
for the: cure of a-painful affection of the arm:; the con-
sequence of which operation was, that the patient was
incapable of washing in water at a- temperature, that
was quite harmless- te every duly vitalized part, with.
out suffering from vesieation and sloughs, "

11. It follows then that the PaTuevroGisT may
frequently derive important conclusions- from: the doc»
trines of Chemistry, although we must deeply regret
that this department of medical knowledge, like that
of Physiology, should have suffered from too-hasty
generalization ; but let no one attempt to tolerate his
apathy, or to encourage his despair, by a reference to
failures which have arisen, on-the one -hand, from a
deficiency of knowledge, and, on the other, from errors
which are to- be solely attributed to a perversion of it;
let-him rather seek encouragement in the contemplation
of those useful improvements which have been derived
from the judicious application of chemical science, and
which are daily augmenting the resources of the intel-
ligent physician, and tend.lng to diminish the aggregate
of human suffering.

12. To the PnAnuAcox.oms'r the chermcal hnstory
of the Materia Medica forms an indispensable subject
of inquiry. It was a natural, and consequently an
early. conjecture, that substances which: possessed an
analogy to each other in their action on the living sys-
tem, must bear a corresponding resemblance in their
-composition; whence chemical analysis was eagerly
embraced as the means of obtaining a knowledge of
their medicinal properties. There can be little doubt
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of the justness of such a conclusion, as a general pro-
position, and although its application has frequently
failed, the failure must be rather attributed to our very
imperfect acquaintance with all the conditions of the
problem, than to any fallacy in the proposition itself.
Thus, in the earlier part of the seventeeth century we
find the Chemists universally engaged in the analysis
of the different vegetables used as remedies; many
hundred plants were accordingly, for this purpose,
submitted to examinatjon, but not a single result was
obtained that could in any degree sanction the pre-
tensions of this science to that practical utility which
theory had assigned to it ; the most inert, and the most
virulent, vegetables were found to afford the same pro-
ducts. That such a failure, however, was not at-
tributable to the non-existence of those relations which
they had endeavoured to trace, is at once rendered
evident on comparing the successful results which have
been obtained, within the last few years, by pursuing
the same general principle of investigation by more
perfect, and less objectionable processes. Had even
the experimentalists of the seventeenth century con-
. dugted their operations with all those essential precau-
tions which it was impossible that the state of Chemis-
try at that period could have suggested, the manner in
which their analyses were performed was such as to
have precluded the chance of any useful result, for the
plants subjected to examination were indiscriminately
exposed to hest, and the products, so ohtained by
their destruction, collected and rudely examined ; now
it is quite clear that these products did not preexist in
the vegetable, but were formed by new combinations
of its elements ; and, since these elements are in all
vegetables nearly the same, we cannot be surprised
that the experimentalists should have been incapable
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of tracing the least connection between them and the
qualities of the substance from which they were so
obtained. With equal reason and success might they
have attempted to appreciate the style of a literary pro-
duction by ascertaining the letters of which its words
were composed.

13. When we enter upon the subject of Vegetable
Chemistry, the Student will learn that, by adopting a
more refined method of experimenting, we have at
length succeeded in obtaining the active principles of
many of the most valuable vegetable remedies, and
that the Chemist has been thus enabled to reconcile
many anomalies, which were, previous to such dis-
coveries, in apparent discordance with the conclusions
of medical experience ; while, on the other hand, the
practitioner has received from the laboratory an inte-
resting confirmation of those views which he derived
from observations made at the bed side ; thus, it was
stated in the first edition of my Pharmacologia,* that
‘the result of the practice at the Westminster Hospital,
in cases of Gout and Rheumatism, afforded consider-
able support to the conjecture of Mr. James Moore,
respecting the composition of the Eau Medicinale,
who considered the Hellebore as its active ingre-
dient. As soon, however, as it was known that the
Colchicum autumnale constituted its basis, the sup-
posed error into which so many practitioners had been
betrayed, furnished an ample theme for the pen of the
cynic ; but the heavy charge under which we might
have fallen for having carelessly observed, and igno-
rantly mistaken, the effects of such a medicine, has been
completely cancelled by the discovery of the singular

* Published in the year 1812.
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fact, that Colchicum and Veratrsm alike owe their
properties to one and the same alkaline principle.

14. To what extent our list of important remedies
has been increased by the aid of Chemistry must be-
come apparent on the slightest inspection of the
Pharmacopceia ; while the fatal blunders into which
the practitioner who prescribes them may be betrayed
from a deficient knowledge of the same branch of sci-
ence, has been very fully, and I trust satisfactorily,
pointed out in the various editions of my work on
Pharmacology. The adulteration of Medicines is an-
other subject for the comprehension of which a certain
portion of chemical knowledge is essentially necessary;
and, lastly, the investigation of Poisons derives most of
its value from the accuracy and:success with which this
amaster key of science may be applied for disclosing
the many obscure facts which are involved in the his-
tory of these agents. *

. * Upon this subject the reader may consult our work on
¢ Medical Jurisprudence,” Vol ii. Art. Poisons,



OF MATTER, AND ITS PROPERTIES.

15. Whatever is capable of acting upon our senses
has been denominated MaTTER.

16. This definition, however, is too general to be
unexceptionable. Light affects our organs of vision,
and Caloric and Electricity our sensations, and yet it
is doubtful whether such effects are produced by the
agency of distinct matter; they may be the result of
certain forces, or of modifications of other bodies, or
each may be an essence sui generis.

17. Matter may be more correctly defined to be
that which is capable of occupying space, or which has
the qualities of length, breadth, and thickness.

18. A Boby is any portion of matter.

19. Matter is said to possess certain essential or
general properties, such as Extension, Divisibility,
Impenetrability, Porosity, Mobility, and the power
of attracting, or being attracted, to which may be
added Polarity. ‘

20. For this enumeration of properties we are
indebted to the Natural Philosopher, who, unlike the
Chemist, only regards masses of matter without a
reference to its ultimate structure; it will accordingly
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be found, that some confusion has arisen from an in-
discriminate application of the same terms to matter, in
a state of aggregation, as well as to the primitive mate-
.rials of which such masses are composed. These diffi-
culties will become apparent in the progress of the
enquiry, and will be successively combated as they
arise.

21. Besides the properties above enumerated, mat-
ter is said to possess certain secondary, or contingent
properties, such as Elasticity, Fluidity, &c. and which,
by their combination with the general properties, con-
stitute the condition or state of bodies. It is by gain-
ing or losing some of these secondary properties that
bodies change their state; thus, water may appear
under the form of ice, under that of a fluid, or of a
vapour, although it is always the same body.

22. When we speak of the mechanical properties of
matter, we mean those which are obvious upon any of
the mechanical operations of breaking, weighing, mea.
suring, or the like, without any regard to the compo-
sition of the body under examination ; thus, the gene-
ral mechanical effects of water will be the same whether
it be taken from a river or a spring; and so of the
various gases or airs, although, if their composition be
examined, they will be found very different; such an
examination can only be effected by ckemical means,
and the properties so discovered have therefore been
properly distinguished by the term chemical properties
of matter.

23. DivisiBILITY is a property which belongs to
every substance which can be brought under the cog-
nizance of our senses; but it by no means follows that
matter in its elementary state possesses it; indeed it is
more probable that at some term, however distant, the
resulting particles lapse into simple atoms incapable of
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any further resolution.®* If marble, or any brittle sub-
stance, be reduced to the most impalpable powder
which art can produce, its original particles will not be
bruised or affected ; since, if this powder be examined
by & microscope, each grain will be found a solid
stone, similar in appearance to the block from whence
it was biroken; and, of course, if we possessed suit-
able implements, would admit of being again sub-
divided, or reduced to a still finer powder. To what
extent this reduction might be carried before we arrived
at the simple elementary atom, we shall probably never
be able to conjecture, for the divisibility of matter, if
not infinite, at least exceeds the utmost limits of our
imagination. The marble steps of the great churches
in Italy are worn by the incessant crawling of abject
devotees; nay, the hands and feet of bronze statues
are, in the lapse of ages, wasted away by the ardent
kisses of innumerable pilgrims that resort to those
shrines. What an evanescent pellicle of the metal,
says Mr. Leslie,t must be abraded at each successive

* Amongst the different arguments which might be adduced in-
support of such an idea, none is more forcible than that which is
afforded by Dr. Wollaston in his paper on ¢ The finite cxtent of
the Atmosphere.” (Phil. Trans. 1822.) This distinguished phi-
losopher considers the non-existence of a perceptible atmosphere
around the Sun as a fact conclusive against this indefinite divisi-
bility of matter; for, were it infinitely divisiblc, so also must be
the extent of our atmosphere, which would thus pervade all space,
and be gathered and condensed around the Sum, Moon, and
Planets, in a proportion corresponding with the force of their
respective attractions. The value of the argument cannot, how-
ever, be understood by the student, until he is made thoroughly
acquainted with the nature and laws of gravitation, as explained
in a futare section of th work.

+ Leslie’s Elemen Natural Philosophy.

B .
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_contact! Thus again, a single grain of the Sulphate
of Copper will communicate a fine azure tint to five
gallons of water; in which case, the Copper must be, at
least, attenuated ten million times, and yet each drop
of the liquid may contain as many coloured particles
distinguishable by our unassisted vision; and, if the
experiment be extended by still farther dilution, so
that the metal shall cease to be an object of sense, it
may nevertheless be recognised by chemical tests. In
the same manner, to what a most extraordinary degree
of division are odorous bodies reducible? a single grain
of Musk has been known to perfume a large room for
the space of twenty years; at the very lowest compu-
tation, the Musk, in such a case, must have been sub-
divided into 320 quadrillions of particles, each of which
was capable of affecting the olfactory organs. In like
manner & lump of Assafeetida exposed to the open air,
and filling the surrounding atmosphere with its effluvia,
was found to have lost only a single grain in seven
years. '

23. Nor are we compelled to derive our illustrations
of the almost infinite divisibility of matter from in-
animate bodies only; the naturalist and physiologist
will supply us with a multitade of striking examples
from the vegetable and animal kingdoms. How ex-
tremely minute, for instance, must be the parts of
the seed by which the peculiar plant constituting
mouldiness, is propagated?’ for Reaumur found this
production in the interior of an addled egg, whence the
seeds must have passed through the pores of the shell |
Mr. Leewenhoeck has informed us, that there are more
animals in the putrefying milt of a cod-fish than there
are men on the whole earth, and that a single grain of
sand is larger than four millions of these creatures, so
that thousands of them could be lifted on the point of
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a needle, and yet each individual must be provided
with a series of organs; of what inconceivable minute-
ness then must be the ultimate fibres of such organs!
But the infusory animalcules, as they are termed, dis-
play in their structure and functions, the most trans-
cendent attenuation of matter. The Vibrio Undula,
found in duck-weed, is computed to be ten thousand
million times smaller than a hemp-seed. The Vibrio
Lincola occurs in vegetable infusions, every drop of
which contains myriads of those points. The Monas
Gelatinosa, discovered in ditch-water, appears in the
field of a microscope a mere atom endued with life,
millions of which are seen playing, like the sun-beams,
in a single drop of liquid.

24. The human structure likewise affords many
wonderful instances of similar attenuation. The red
globules of the blood have an irregular roundish shape,
from the 2500th to the 3300th of an inch in diameter,
with a dark spot in the centre of each. The globules
of perspirable matter have been computed as, at least,
ten times smaller than those of the blood, each being
about the 5000th part of an inch in diameter, and when
the quantity of perspirable matter which is daily dis-
charged, and the number of pores through which it
passes, are estimated,® it will follow, that no fewer

* ]t has been computed, that the skin is perforated by a thou™
sand holes in the length of an inch. If we estimate the whole
surface of the body of a middle sized man to be sixteen square feet
it must contain not less than two millions, three handred and four
thousand pores. 'These pores are the moutbs of so many excretory
vessels, which perform the important function of Insensible Per-
spiration. The lungs discharge, every minute, six grains, and the
surface of the skin, from three to twenty grains, the average oyer
the whole body being about fifteen grains of lymph, consisting of
water, with a very minute admixture of Salt, Acetic acid, and =
trace of Iron. Leslie’s Natural Philesophy.

‘ » 2
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than 400 of such globules must issue from each orifice
every second. ‘ :

25. PorosiTy is a property belonging to all bo
dies with which we are acquainted, and is so diffuse
throughout them, that it is by no means an improbable
supposition that their real bulk may bear no sensible pro-
portion to the space which they appear to occupy. Upon
the extent of this quality the relative densities of dif-
ferent bodies depend ; thus, for example, if it be sup-
posed that a million particles of Gold are contained in
a cubic inch of that metal, 500,000 particles of Iron
might also be capable of occupying that same space, or
100,000 particles of Wood. In the iron and wood
there must, therefore, be many more interstices, or
pores, than in the gold, and, of course, the gold will
be the heaviest, or most dense. 'This superior density.
and weight does not therefore arise from the individual
~atoms of gold being heavier than those of wood, but
from a greater number of them being forced into the
same space, for it is assumed, that the original particles,
of matter, although they may possess different forms
and magnitudes, nevertheless possess the same relative
weight or density.

This hypothesis is not unsupported by experiment..
Gold, for instance, which is one of the heaviest of
solids, may, by being dissolved in nitro-muriatic acid,
and having its solution transferred to ether, be made
to remain equally suspended in every part of the lightest
of all visible fluid-.

26. The term Porosity, then, can evidently be
alone applied with propriety to aggregates; it neces-
sarily implies division, and cannot therefore have any
relation to atoms which are indivisible. By pursuing
this subject farther than may. be necessary to correct
popular fallacy, we should only merge into metaphye



Impenetrability, &c. 21

sical speculations, which are generally little more than
unsuccessful efforts to extend the boundaries of human
knowledge beyond the reach of the human faculties.

27. The existence of porosity in every species of
-matter which can be subjected to our senses, is suffi-
ciently proved by the universal compressibility of
-bodies. There is no substance, however dense, that
"may not be made either by pressure, or reduction of
temperature, to occupy less space ; and, were it possi-
ble to bring the ultimate atoms into absolute contact,
“the globe itself might probably be compressed into an
" extremely narrow compass.

28. Nor is the arrangement of the atoms of matter
~which is thus indicated by its porosity, less important
“than its universality is obvious. It is clear that, if the
constituent particles had not been so disposed in rela-
“tion to each other, as to have allowed free latitude of
motion,- natural bodies could never have undergone
‘those changes in form and composition, upon which
their utility in the scheme of creation entirely depends,
It becomes a question even, whether they could hase
been susceptible of chiange of temperature, for, if we
“regard Caloric as material in its nature, there would, in
such a case, have been no space to have allowed its
-ingress ; and, if we consider it as a species of vibration,
it is equally evident that the atoms without free motion
could never have vibrated, for the act of vibration ne-
cessarily implies change of place.

29. IumpeNETRABILITY. The existence of this
property necessarily follows from the incontrovertible
fact, that no two bodies can occupy the same place in
the same precise instant of time.

30. The atoms of matter, whether they be so ar-

ed as to constitute gases, liquids, or solids, are
impenetrably hard ; a property which Nature appears
t
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to have wisely adopted, in order to insure eternity to
her works, and to render them incapable of waste or
decay; for, although to the superficial observer, matter
may in many instances seem to disappear, as in the
cases of burning and evaporation, yet the Chemist’s art
_distinctly proves that it is incapable of annihilation,
and that the original atoms, in all cases, still exist,
although by change of arrangement they are made to
assume different states. )

31. Although the quality of impenetrability is thus
shewn to be inseparable from the idea of an elementary
atom, it nevertheless cannot be said to relate to aggre-
gates or masses; for a solid or fluid of certain dimen-
sions may be incorporated with other bodies, without
any change in its magnitude, but in this case, the
interstices admit the new matter, and a corresponding
increase of density arises. This phenomenon perpe-
tually occurs in the processes of chemistry, and its
nature should be distinctly understood by the student ;
it has been termed a penctration qf dimensions. Thus,
for instance, if a pint of water and a pint of oil of
vitriol be mixed together, the mixture will not measure
a quart. The density of the compound is manifestly
increased by this circumstance ; and it will be increased
in the same proportion as the bulk is diminished. In
like manner two equal quantities of water and strong
spirit, when mixed, will not produce double the first
quantity, though their joint or separate weights are not
disturbed. The phenomenon is one of considerable
importance, for it presents, as we shall hereafter find,
a considerable practical difficulty in obtaining correct
results in the application of the hydrometer. The
rationale of the phenomenon will be more readily under-
steod from the annexed diagram.
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If we suppose A and B to represent the atoms of
water and alcohol, respectively, and C, their mixture,
it will be seen that, in consequence of their greater
approximation, the dimensions of the mixture will be
less than the sum of those of the two ingredients when
separate.

32. PoLARITY, or a power of arrangement, must
evidently be admitted as a property with which the
atoms of matter are endowed. Each body would thus
appear to possess a structure peculiar to itself; for
example, a piece of iron, tin, or any other metal, or
substance, will, when broken, always exhibit the same
arrangement and disposition of parts, or Grain, as it is
sometimes called. Upon this principle also are the
pheenomena of Crystallization to be wholly explained.
To the same property, in conjunction with the relative
force of cohesion, we may refer that variety distinguish-
able in bodies with respect to their hardness, softness,
ductility, elasticity, fragility, &c. We may imagine
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for instance, that when the particles of bodies are dis-
posed without any order, they cannot afford a strong
resistance to a motion in any direction; but that, when
they are regularly arranged in certain positions with
respect to each other, any change of form must displace
them in such a manner as to increase the distance of a
whole rank at once, and hence, that they may be enabled
to co-operate in resisting such a change; just as a dis-
ciplined regiment is capable of affording more resistance
than an unorganised mob.

Before we proceed to the consideration of the ele-
mentary constitution of different bodies, it will be ne-
cessary for the student to become thoroughly acquainted
with the effects of that universal force, to which all
matter is subservient, and which is expressed by the
term ATTRACTION.



ATTRACTION.

38. Attraction may be considered under several
modifications, not. as being in itself a variable and
inconstant power, but as manifesting different: pheeno-
mena, in relation to the circumstances and conditions
under which it operates. The nature and origin of
this force are entirely unknown to us, but some of its
more important laws have been discovered, and suc-
cessfully applied in the investigation of the pha:nomena
of the Universe. -

34. The following Tabular arrangement exhibits
the different species of Attraction, which it will become
our duty to investigate, viz.

ATTRACTION.

" (Raom) (Cowticuvoun)

fGravnhtaoﬂ (' Acting Between| [ Xcting Between
lmlherlcles Dissimilar Particl

{Cohesion) (Chemical Affinity)

r Ningle \ [C mnplc.r}
Affinily Affinily.
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35. ATTRACTION may be defined, that force which
causes distant bodies to approach each other, while it
preserves those which are contiguous, in apparent
contact.

36. It may therefore be considered as acting be-
tween large masses of matter at senmsible distances,
when it is termed the ATTRACTION OF GRAVITATION;
or, as operating between the minute atoms of bodies,
at insensible distances, when it is donominated Con-
T16U0U8 ATTRACTION. This latter force, moreover,
admits of a further distinction, as it may act between
similar or dissimilar particles of matter. In the former
case, as for instance, where it operates between the
particles of marble, it is termed the ATTRACTION OF
AGGREGATION, or CoHESION, since the effect of it is
to produce an aggregate or mass; but, in the latter
case, where it brings together particles perfectly dis-
similar in their nature, as those of an acid and an
alkali, or an earth, it is termed CHEMICAL AFFINITY,
and the result is a new body. It will be neecssary to
consider the laws and phenomena of these forces with
attention, for they constitute the basis of all our
knowledge respecting the composition and affections
of matter.

. GRAVITATION.

87. This force acts on bodies remotely situated
with respect to each other, directly in proportion to
the quantity of matter, and inversely as the square of
the distance. It is the operation of this power which'
maintains the moon in her orbit, and upholds the cir-
culation of the whole system of planets around the
sun, and which causes every body upon our globe to
fall towards its centre, or in other words, in a line
perpendicular to its surface.
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38. Since the force of Gravitation is in proportion
to the quantity of matter, it necessarily follows from
the globular form of the earth, that it will act in the
direction of a line passing through its centre ; for the
longest line that can be drawn is a diameter, and
which must therefore pass through the greatest quan-
tity of matter contained in any one direction, as the
annexed diagram may more clearly illustrate.

39. As the gravity of any
mass is only the sum of that
of ite particles, it may be
employed as the expression
of quantity of matter, whence
the theory of the balance
becomes obvious.* Since,
however, it has been just
stated, that matter gravitates
with a fovee which diminishes as the squares of the
distance, it is evident that the weight of a body cannot
be the same in all places and situations. It is stated by
Professor Leslie that a lump of lead, which weighs a
thousand pounds at the surface of our globe, would lose
two pounds, as indicated by a spiral spring, if carried to
the top of a mountain four miles high ; and, if it could
be conveyed as deep into the bowels of the earth, it
would lose one pound. The same mass transported
from Edinburgh to the Pole would gain the addition of
three pounds ; but, if taken to the Equator, it would
suffer a loss of four pounds and a quarter, since from
the ellipticity of the earth, it would in such a situation

* J¥eight antl Gravily are generally considered as one and the
same thing ; although some philosophers distinguish the latter as
the quality inherent in the body, and the former as the samne
qualily excrting itself according Lo its natural tendency.
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be further removed from the general mass that in-
fluences it.®

40. As it appears, then, that the quantity of the
bodies we employ in our various operations is most
accurately determined by their force of gravitation, or
weight, it becomes necessary to adopt some standard
of comparison, by which such relations may be ex-
pressed ; but as this hus ever been derived from some
initial quantity of arbitrary value, we find the weights
and measures of different countries and ages variable
and precarious. At present we have two kinds of
weight in common use ; viz. Troy, and Avoirdupois.
The former, which is of Norman origin, is used in the
valuation of gold and silver, and in the composition
of medicines. The latter, which appears to have been
introduced by the Romans, is the one universally em-
ployed in this country in every species of merchandize.
The following TaBLE exhibits the manner in which
the Troy or Apothecaries pound and the Avoirdupois
pound are divided.

TROY WEIGHT.
Pound.  QOunces.  Drachms. Scruples. Grains.

1 = 12 = 96 = 9298 = 5760
l = 8 = 24 = 48
1 = 3 = 60
1 = 20
AVOIRDUPOIS WEIGHT.
Pound. Ounces. Drachms. Grains.
1l = 16 = 256 = 7000
1 — 16 = 4375
1 = 27-975-

* The centrifugal force may also contribute somclhmg to this
effect.
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The Pound is usually expressed by the sign-1b., and
its subdivisions by the following symbols, viz.

The annexed figure represents an
ounce ; by omitting the upper part and
commencing at A, a drachm; and the
lower portion B. C. a scruple. A grain
is expressed by the simple contraction

The use of these symbols in medical
prescriptions has been frequently con-
demned as being liable to occasion
error ; it is said that the characters for
ounce and drachm are so similar that they may be
easily written for each other; ¢ a stroke of the pen too
much may kill the patient, and a stroke too little may
produce a medicine of no efficacy.”” To obviate this
objection, it has been recommended to employ the
contracted words Unc., dr., scr.: but let me ask whe-
ther such contractions are not equally liable to per-
version in the hands of the careless prescriber? In
support of this belief it is only necessary to state, that
in the very work in which this fastidious objection is
urged, drs. are more than once printed by mistake
instead of grs.

41. In Chemical experiments, it will be found very
convenient to admit no more than one description of
weight. .The grain is of such magnitude as to descrve
the preference. It has been a mathematical problemn
to ascertain the least number of such weights which
may be necessary for chemical purposes; but Dr. Ure
very justly observes that the operator ought rather to
seck the most convenient number for ascertaining his
inquiries with accuracy and expedition. The error of
adjustment is the least possible, when only one weight
is in the scale; that is, a single weight of five grains is

b
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twice as likely to be true, as two weights, one of three,
and the other of two grains, put into the dish to sup-
ply the place of the single five ; because each of these
last has its own probability of error in adjustment.
The most convenient set of weights for the laboratory
is one that corresponds with our numerical system,
thus 1000 grains, 900 grains, 800 grains, 700 grains,
&c. down to % of a grain. With these the Chemist
will always have the same number of weights in his
scales as there are figures in the number expressing
the weights in grains; thus 742-5 grains will be weighed
by the weights 700, 40, 2, and 5-10the.

42. It must appear evident that all such standards
of weights are merely arbitrary, and that were they,
from any accident, to be lost,* it would be impossible
to renew them ; for since the foundation of the whole
series was originally the weight of a certain number of
grains of wheat,t it would be impossible to recover
the initial quantity with such accuracy that the varia-
tion, however small, should not become fatal by re-
peated multiplication. In order to form correct and
uniform standards of weight, it will be readily per-

% To obviate, as far as possible, the chance of such an occur-
rence, an ordinance was made in the reign of Henry VIII, thata
set of the most estoemed weights and measures should be collected
and lodged in the Exchequer, as standards for the whole country
to abide by, and with which all future weights and measures
should be compared and exumined. This regulation has been
preserved and attended to ever since, and duplicates of the stand-
ards have been very accurately formed, and are deposited at the
Tower, with the Royal Society, and in other places of security.

t+ By an act of Hearyl11. cap. 51, it is ordained that, in order
to regulate the weights of the realm, that quantity of metal which
will balance 32 grains of dry wheat picked from the midst of the
ear, shall be called a penny-weight, that 20 such penny-weights
shall make an ounce, and 12 ounces a pound.
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ceived that we must recur to measure, for it is quite
impossible to form any body into a weight without
reference to its dimensions. The terms Pound and
Ounce carry with them no specific ideas of their extent
of weight to persons previously unacquainted with
them ; but, if it is stated, that four cubic inches of
cast iron of a particular density would be equal in
weight to a pound, or that a cubic foot of distilled, or
pure rain water, weighs 1000 ounces, then such weights
may be immediately formed by any one in possession
of measures, and of course a standard lineal measure
becomes an object of the greatest importance. In the
earlier zra of England primitive measures were deter-
mined either from vegetable productions, or from parts
or actions of the human body,* all of which were
necessarily vague and inaccurate. In order to obtain
an invariable and natural standard of lineal measure,
two proposals have been offered ; the one founded up-
on the mensuration of a degree of a great circle of the
earth ; the other, upon that of the length of the pen-
dulum vibrating seconds. The former, although at-
tended with much trouble and expense, has been
accomplished and carried into practical effect by the
French, and as they have founded upon it a scale
which is frequently referred to in chemical works, a

* Thus was our inch derived from three barley corns laid end
to end. The Saxons introduced a measure called the Gyrd, which
corresponds with our yard, as a proper measurc of unity, of
which, fathoms, furlongs, and miles were made the mmultiples,
while the foot, the span, the palm, and the inch miglit be con-
sidered as fractiomal parts of it. But in all such measures no
certainty existed, since the yard- was determined by Henry I. to
be the length of his own arm, while the foot, the cubit, the ulna,
or ell, the palm, the span, the hand, and many others, are evi-
dently derived from the dimensions of the human body.
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short account of the method will not be unacceptable
to the student. After a series of most laborious and
accurate observations carried on for many years by the
first mathematicians of France, it was ascertained, that
a quadrant of a meridian, extending from the pole to
the equator, measures 5130740 toises, the ten mil-
lionth part of which was afterwards definitely decreed .
by the legislative body to be the Metre, or standard
of unity, upon which they were to form all their other
measures, whether greater or less; this Metre accords
very nearly with the length of a pendulum vibrating
seconds, as hereafter described, and may be considered
as the present yard of the French, and as it ascends
decimally, the next step, or degree, becomes the perch
or decamelre ; the next, the mile, or kilometre ; and
then the myriametre or league ; but the value of these
several measures, as compared with those used in Eng-
land, will be more clearly understood by referring to
the Table inserted in the Appendix, and which was
originally ‘drawn up by Mr. Millington, and will be
found to contain particulars not generally met with in
Arithmetical Tables, '

43. The method of using a Pendulum to obtain a
standard of measurement is very simple; for it has
been ascertained, that the stars perform an apparent
journey round the earth once in 23 hours 56 minutes,
with the greatest regularity. If then a small telescope’
be firmly and immoveably fixed against a wall in such
a direction that any bright star may be seen through it,
that star will pass the telescope once in that period,
and if a clock be placed near it, having a pendulum
beating seconds, that clock will indicate the above
portion of time between every transit of the star, pro-
vided its pendulum be of the right length, and if not,
it must be lengthened or shortened until such an ad-
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justment is accomplished, which, in the same latitude
can only occur when it is of one particular length.
Thus then we may at once obtain a well defined stand-
ard of length, to which we could at any time resort,
and which might be made the Metre, or base upon
which other measures would be constructed ; and hav-
ing obtained an accurate standard of lineal admeasure-
ment, solid measures, or measures of capacity, as well
as weights, would arise out of it; and, as pure rain
water, under equal temperatures, is less liable to a
change of density than any other known substance, so
it appears to be the best calculated for obtaining
standard weights; thus, a cubic foot of pure water
weighs about 1000 ounces avoirdupois, and either this
measure, or the cube of the length of the pendulum, or
an aliquot part of it, might be taken as the standard or
base upon which to form larger and smaller weights,
the same being whole, and not fractional parts of the
first quantity, and taken at a certain point of the baro-
meter and thermometer. In this, or a similar manner,
might a series of measures and weights be established,
which would be in the power of any one to adjust or
examine with an apparatus of small expense, and with-
out any serious loss of time, while the weights and
measures we at present possess and use, are so very
uncertain as to afford no greater proof of their accuracy,
than the reliance which is placed on the correctness of
their makers, unless, indeed, they have undergone the
ordeal of a comparison with the national standards,
which can never be expected in the great number that
are made and sold.

44. The troy weight has been also adopted by the
Edinburgh College for apportioning liquids, as well as
solids, with a view to obviate the errors arising from
the promiscuous use of weights and measures ; but the

c
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London and Dublin Colleges, with a great regard to
- practical convenience, order liquids to be measured ;
and for this purpose the London College employs mea-
sures derived from the wine gallon, which is subdivided
for medical purposes, in the manner exhibited in the
following TABLE, which, at the same time, represents
the symbols employed for denoting the several mea-
sures.

A Gallon (Congius) cong:...... ... ) Eight Pints

- A Pint (Octarius) O...couvvenenn.. ' § SixteenFluid-ounces
A Fluid-ounce (Fluid-uncia) £3 .... y § ¢ Eight Fluid-drachms
A Fluid-drachm (Fluid-drachkma) f3 j g | Sixty Minims
A Minim (Minima) M .eceeceocecons

Table of the proportions of the Wine Gallon.

Of Water.
Gallon. Pints.  Fluid- Fluid- ——
ounces.  drachms. Minims. Grains.t

1 = 8 — 128 = 1024 = 61440 = 58016

1= 16 = 198 = 7680 = 7272
1 = 8 = 480 — 4545
1= 60 = 56-8

The London College have introduced the Minim
measure as a substitute for the drop, the inaccuracy of
which had been long experienced, and will be hereafter
adverted to.

45. For measuring fluids, the graduated glass mea-
sures should be always preferred : they should be of
different sizes, according to the quantities they are
intended to measure. For chemical purposes fluids
are measured either by cubic inches, or by ounce mea-
sures equal to the bulk of an ounce of water. The
cubic inch is found to weigh 252:72 grains of water
at 62°,

+ According to Lane’s Measures, sold at Apothecaries’ Hall.
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46. Although the method of ascertaining quantities
of matter by the balance was known, and practised in
the very earliest periods of the world, still such an in-
strument was for many ages merely employed as the
measure of gross weight, without any reference to the
density of the bodies so examined ; and yet it is diffi-
cult to conceive that the obvious fact could have long
escaped observation, that equal bulks of different sub-
stances, such, for instance, as wood and stone, differed
essentially from each other in weight.* No applica-
tion, however, was made of it, towards elucidating the
properties of bodies, nor were any means devised to
estimate or express such differences, until a compara-

tively late period.

* 1t may be here repeated, that it is not meant that the elemen-
dary particles of these bodies differ in weight.

¢?



OF SPECIFIC GRAVITY.

47. The comparative weight of a body has been
termed its specific gravity ; and, since the density of a
body is as the quantity of matter contained in a given
space, its specgﬁc gravity may be regarded as only
another term for its density.

48. By this term, therefore, is meant the weight of
a body compared with that of another whose magni-
tude is the same ; and, for the accurate expression of
such a relative quantity it became necessary to fix upon
some substance as a standard. The philosophers of
different nations have accordingly agreed to consider
Distilled Water, at the temperature of 60° of Fahren-
heit’s thermometer, as the unit of comparison, or the
datum from which all calculations of specific gravity
should proceed, and is always called 1-000; thus, if
a cubic inch of any solid body were found to be
double the weight of a cubic inch of water, such a
body would be specifically heavier than water, in the

_ proportion of two to one, and its specific gravity would
accordingly be set down thus, 2. If, again, its weight
were equal to that of two and a half cubic inches of
water, it would be specifically heavier than water in
the proportion of two and a half, to one; and its spe-
cific gravity would in that case be set down as 2:5;
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the fractional parts being always expressed by deci-
mals. The strongest Sulphuric acid of commeree is
very nearly nine-tenths specifically heavier than water,
and is stated to be 1'85.

49. Independent of the general advantages which
attend the adoption of water as the unit of comparison
upon these occasions, it fortunately happens that a
cubic foot of this fluid weighs exactly 1000 ounces,
avoirdupois, so that the weight of any given bulk of
material, of which the specific gravity is known, may
be readily computed, for the same figures that denote
the specific gravity must also express the number of
ounces in a cubic foot of the same substance; thus
will that measure of Sulphuric acid be found to weigh
1650 ounces.

50. Since it appears then, that specific gravity is
but another term to express the comparative density of
bodies; and, as the nature and properties of a great
variety of solids, as well as fluids, have an intimate
relation with that condition of matter, it is evident
that, in the examination of natural and artificial sub-
stances, a knowledge of their specific gravities is of
very considerable importance. Suppose the medical
practitioner to have received a parcel of Glass of Anti-
mony, and that from the clumsy appearance of some
of the pieces, he suspects it to have been mixed with
Glass of Lead, he has only to ascertain their specific
gravities in order to confirm or falsify his conjecture,
for that of the Antimonial oxide never exceeds 4-95,
whereas that of the Lead is 6:95, or in round numbers
their comparative gravities are as 5 to 7. Thus again,
the officinal Solution of Potass (Liquor Potasse),
may be obtained in too dilute a state, a fraud which
may be at once discovered by its specific gravity being
Jess than 1:056. On some occasions we may thus
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arrive at a conclusion which might otherwise require
an elaborate chemical inquiry; thus we may fairly
infer that the Tinctura Ferri Muriatis contains its
proper proportion of Peroxide of Iron, by ascertaining
its specific gravity to be about *‘994. In estimating the
strength of our spirituous preparations, the purity of
ammonia, and the concentration of the mineral acids,
the chemist must rely upon the respective indications
which are afforded by this mode of investigation. The
manufacturers of Epsom, Rochelle, Glauber, and other
salts, have no proper criterion for ascertaining the
strength of the several liquors which they have pre-
pared for crystallization, but that of their specific
gravities.

51. Nor is this subject of less importance to the
physician than to the manufacturer, for in prescribing
‘various forms of medicine, an attention to the specific
gravities of the ingredients is necessary to direct him ;
thus, for instance, in regulating the size of pills, unless
he takes this circumstance into consideration, he will
be unable to adjust their magnit