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ADVERTISEMENT.

Tre Committee appointed by the Royal Seciely to direct the pub~
lication of the Philosophical Transaciions, take this opportunity to
acquaint the Public, that it fully appears, as well from the council-
books and journals of the Society, as from repeated declarations
which have been made in several former Fransactions, that the
printing of them was always, from time to time, the single act of the
respective Secretaries, till the Forty-seventh Volame : the Society,
as a Body, never interesting themselves any further in their publi-
cation, than by occasionally recommending the revival of them to
some of their Secrataries, when, from the particular circumstances
of their affairs, the Transactions had hippened for iny length of
time to be intermitted. And this seems principally to have been
done with a view to- salisfy the Public, that their usual meetings were
then continued, for the improvement of knowledge, and benefit of
mankind, the great ends of their first institution by the Royal
Charters, and which they have ever since steadily pursued.

Bat the Society being of late years greatly enlarged, and their
communications more numerous, it was thought advisable, that a
Committee of their members should be appointed, to reconsider the
papers read before them, and select out of them such as they should
judge most proper for publication in the future Transactions; which
was accordingly done upon the 26th of March, 1752. And the
grounds of their choice are, and will continue to be, the importance
and singularity of the subjects, or the advantageous manner of
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treating them; without pretending to answer for the certainty of the
facts, or propriety of the reasonings, contained in the several papers
so published, which must still rest on the credit or judgment of
their respective authors.

It is likewise necessary on this occasion to remark, that it is an
éstablished rule of the Society, to which they ‘will always adhere,
never to give their opinion, as a Body, upon any subject, either of
Nature or Art, that comes before them. And therefore the thankg
which are frequently proposed from the Chair, to be given to the
authors of such papers as.are read at their accustomed meetmgs, or
to the persons through whose hands they receive them, are to be
considered .in ne other light than as a matter of civility, in return
for the respect shewn. to the Society by those communications. -The
like:also:is to be:siid with regard to the several projects, inventions,
and curiosities of various kinds, which:aré' often ‘exhibitéd to.the
Society ; the authors whereof, or those who'exhibit theri, frequently
take the libérty to report; and even to certify in the pubfic'néws’-
papers, that they have met with'tlie highest apyiause andappros
bation. And theréfore it is*’hoped, that nb régard will’ hércafte% be
- paid to such reports and public notices’; which in some instatices
have been too lightly credited, to the dishonour of the Society.”
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I. The Croonian Lecture on muscular Motion. By Anthony
Carlisle, Esq. F. R. §.

Read November 8, 1804.

Axiar physiology has derived several illustrations and
additions, from the institution of this Lecture on muscular
Motion; and the details of anatomical knowledge have been
considerably augmented by descriptions of muscular parts
before unknown. :
8till, however, many of the phenomena of muscles remain
unexplained, nor is it to be expected that any sudden insulated
discovery shall solve such a variety of complicated appearances.
Muscular motion is the first sensible operation of animal
life: the various combinations of it sustain and carry on the
multiplied functions of the largest animals: the temporary
cessation of this motive faculty is the suspension of the living
powers, its total quiescence is death.
By the continuance of patient, well directed researches, it is
reasonable to expect much important evidence on this subject ;
MDCCCYV. B



e Myr. CARLISLE’s Lecture

and, from the improved state of collateral branches of know-
ledge, together with the addition of new sources, and methods
of investigation, it may not be unreasonable to hope for an
ultimate solution of these phenomena, no less complete,
and consistent, than that of any other desideratum in physical
science.

The present attempt to forward such designs is limited to
circumstances which are connected with muscular motion, con-
sidered as causes, or rather as a series of events, all of which
contribute, more or less, as conveniences, or essential requi-
sites, to the phenomena ; the details of muscular applications
being distinct from the objects of this lecture.

No satisfactory explanation has yet been given of the state
or changes which obtain in muscles during their contractions
or relaxations, neither are their corresponding connections
with the vascular, respiratory, and nervous systems, sufficiently
traced. These subjects are therefore open for the present en-
quiry, and although I may totally fail in this attempt to elu-
cidate any one of the subjects proposed, nevertheless I shall
not esteem my labour useless, or the time of the Royal Society
altogether unprofitably consumed, if I succeed in pointing out
the way to the future attainment of knowledge so deeply
interesting to mankind. '

The muscular parts of animals are most frequently com-
posed of many substances, in addition to those which are purely
muscular. In this gross state, they constitute a flexible, com-
pressible solid, whose texture is generally fibrous, the fibres
being compacted into fasciculi, or bundles of various thickness.
These fibres are elastic during the contracted state of muscles
after death, being capable of extension to more than one-fifth
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of their length, and of returning again to their former state of
contraction.

This elasticity, however, appears to belong to the enveloping -
reticular or cellular membrane, and it may be safely assumed
that the intrinsic matter of muscle is not elastic.

The attraction of cohesion, in the parts of muscle, is strongest
in the direction of the fibres, it being double that of the con-"
trary, or transverse direction.

When muscles are capable of reiterated contractions and
relaxations, they are said to be alive, or to possess irritability.
‘This quality fits the organ for its functions. Irritability will be
considered, throughout the present lecture, as a quality only.

When muscles have ceased to be irritable, their cohesive
attraction in the direction of their fibres is diminished, but it
remains unaltered in the transverse direction.

The hinder limbs of a frog attached to the pelvis being
stripped of the skin, one of them was immersed in water at
115" of FAHRENHEIT, during two minutes, when it ceased to
be irritable. The thigh bones were broken .in the middle,
without injuring the muscles, and a scale affixed to the ancle
of each limb : a tape passed between the thighs was employed
to suspend the apparatus. Weights were gradually introduced
into each scale, until, with five pounds avoirdupois, the dead
thigh was ruptured across the fleshy bellies of its muscles.

The irritable thigh sustained six pounds weight avoirdupois,
and was ruptured in the same manner. This experiment was
repeated on other frogs, where one limb had been killed by a
watery solution of opium, and on another where essential oil
of cherry laurel* was employed: in each experiment, the

* Distilled oil from the leaves of the Prunus Lauro-cerasus.

Be
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irritable limb sustained a weight one-sixth heavier than the
dead limb.

It may be remarked, in confirmation of these experiments,
that when muscles act more powerfully, or more rapidly, than
is equal to the strength of the sustaining parts, they do not
usually rupture their fleshy fibres, but break their tendons, or
_even an intervening bone, as in the instances of ruptured tendo
Achillis, and fractured patella. Instances have however oc-
curred, wherein the fleshy bellies of muscles have been
lacerated by spasmodic actions; as in tetanus the recti abdo-
minis have been torn asunder, and the gastrocnemii in cramps ;
but in those examples it seems that either the antagonists pro-
duce the effect, or the over-excited parts tear the less excited
in the same muscle. From whence it may be inferred, that the
attraction of cohesion in the matter of muscle is considerably
greater during the act of contracting, than during the passive
state of tone, or irritable quiescence, a fact which has been
always assumed by anatomists from the determinate forces
which muscles exert.

The muscular parts of different classes of animals vary in
colour and texture, and not unfrequently those variations occur
in the same individual.

The muscles of fishes and vermes are often colourless,
those of the mammalia and birds being always red: the am-
phibia, the accipenser, and squalus genera, have frequently
both red and colourless muscles in the same animal.

Some birds, as the black game,* have the external pectoral
muscles of a deep red colour, whilst the internal are pale.

In texture, the fasciculi vary in thickness, and the reticular

® Tetrao tetrix. Lin,
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mentbrane is in some parts coarse, and in others delicate: the
heart is "always compacted together by a delicate reticular
membrane, and the external glutwi by a coarser species.

- An example of the origin of muscle is presented in the
history of the ineubated egg, but whether the rudiments of
the punctum saliens be part of the cicatricula organised by the
parent, or a structure resulting from the. first process of incu-
bation, may be doubtful : the little evidence to be obtained on
this point seerhs in favour of the former opinion; a regular
corifirmation of which would improve the knowledge of animal
generation by shewing that it is gemmiferous. There are suf-
ficient analogies of this kind in nature, if reasoning from
andlogies were proper for the ipresent occasion.”

The puncturn saliens, during-its first actions, is not encom-
passed by any fibres discoverable with microscopes, and the
vascular system is not then evolved, .the blood flowing for-
wards, and backwards, in the same vessels. The commence-
ment of life in animals: of complex structure is; from the
preceding fact, like the ultimate organization of the simpler
classes. ‘

It is obvious that the muscles of birds are formed out of the
albumen ovi, the vitellus, and the atmospheric air, acted upon
by a certain temperature. The albumen of a bird’s egg is
wholly consumed during incubation, and the vitellus little di-
minished, proving that the albumen contains the principal
elementary materials of the animal thus generated ; and it
follows that the muscular parts, which constitute the greater
proportion of such animals when hatched, are made out of the
albumen, a small portion of the vitellus, and certain elements,
or small quantities of the whole compound of the atmosphere.
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* The muscles of birds are not different, in any respect from
those of quadrupeds of the class of mammalia.

The anatomical structure of muscular fibres. is generally
complex, as those fibres are connected with membrane, blood-
vessels, nerves, and lymphaducts; which seem to be only
appendages of convenience to the essential matter of muscle.

A muscular fibre, duly prepared by washing away the ad-
hering extraneous substances, and exposed to view in a powerful
microscope, is undoubtedly a solid cylinder, the covering of
which is reticular membrane, and the contained part a pulpy
substance irregularly granulated, and of httle cohesive power
when dead.

A difficulty has often subsisted among anatomists concernin g
the ultimate fibres of muscles; and, because of their tenuity,
some persons have considered them infinitely divisible, a
position which may be contradicted at any time, by an hour’s
labour at the microscope. i

The arteries ‘arboresce copiously upon the reticular coat of
the muscular fibre, and in warm-blooded animals these vessels
are of sufficient capacity to admit the red particles of blood,
but the intrinsic matter of muscle, contained within the ultimate
cylinder, has no red particles. -

The arteries of muscles anastomose with corresponding
veins; but this course of a continuous canal cannot be sup-
posed to act in a direct manner upon the matter of muscle.

The capillary arteries terminating in the muscular fibre
must alone effect all the changes of increase in the bulk, or
number, of fibres, in the replenishment of exhausted materials,
and in the repair of injuries ; some of these necessities may be
supposed to be continually operating. It is well known, that
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the circulation of the blood is not essential to muscular action ;
.80 that the mode of distribution of the blood vessels, and the
differences in their size, or number, as applied to muscles, can
only be adaptations to some special convenience. :
" Another prevalent opinion among anatomists, is the infinite.
extension of vascularity, which is contradicted in a direct
manner by comparative researches. The several parts of a
quadruped are sensibly more or less vascular, and of different
contextures ; and, admitting that the varied diameter of the
blood vessels disposed in each species of substance, were to be
constituted by the gross sensible differences of their larger
vessels only, yet, if the ultimate vessels were in all cases
equally numerous, then the sole remaining cause of dissimi-
larity would be in the compacting -of the vessels. The vasa
vasorum of the larger trunks furnish no reason, exeepting that
of a loose analogy, for the supposition of vasa vasorum ex-
tended without limits. Moreover, the circulating fluids of all
animals are composed of water, which gives them fluidity, and
of animalised particles of defined configuration and bulk; it
follows that the vessels through which such fluids are to pass,
must be of sufficient capacity for the size of the particles, and
that smaller vessels could only filtrate water devoid of such
animal particles : a position repugnant to all the known facts
of the circulation of blood, and the animal economy.
. The capillary arteries which terminate in the muscular fibre,
must be secretory vessels for depositing the muscular matter,
thelymphzaducts serving toremove the supcrfluous extravasated
watery fluids, and the decayed substances which are unfit
for use.
The lymphaducts are not so pumerous as the blood vessels,
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and certainly, do not extend to every muscular fibre: they
appear to receive their contained fluids from the intersticial
spaces formed by the reticular or cellular membrane, and
not from the projecting open ends of tubes, as is’ generally
represented. This mode of receiving fluids out of a eellular
structure, and conveying them into cylindrical vessels, is ex-~
emplified in the corpora cavernosa, and corpus spongiosum
penis, where arterial blood is poured into cellular or reficular
cavities, and from thence it passes into common veins by l:he
gradual coarctation of the cellular canals.

In the common green turtle, the lacteal vessels universally
arise from the loose cellular membrane, situated between the
internal spongy coat of the intestinesand the muscular coat.
The cellular structure may be filled from the lacteals, or the
lacteals from the cellular cavities. When injecting the smaller
branches of the lympheeducts retrograde in an cedematous
human leg, I saw, very distinctly, three orifices of these vessels
terminating in the angles of the cells, into which the quick-
silver trickled. The preparation is preserved, and, a drawing of
the appearance made at the time. It was also proved, by many
experiments, that neither the lymphaducts, nor the veins,
have any valves in their minute branches. :

The nerves of voluntary muscles separate from the same
bundles of fibrils with the nerves which are distributed in the
skin, and other parts, for sensation; but a greater proportion
of nerve is appropriated to the voluntary muscles, than to any
other substances, the organs of the senses excepted.

The nerves of volition all arise from the parts formed by
the junction of the two great masses of the brain, called the
" Cerebrum and Cerebellum, and from the extension of that

<
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substance throi:éh‘out the canal of the vertebra@. Another
class of muscles, which are not subject to the will, are supplied
-by peculiar nerves ; they are much smaller, in proportion to
the bulk of the parts. on which they are distributed, than' those
of the voluntary muscles; .they contain less of the white
opaque medullary substance than the other nerves, and unite
their fibrils, forming numerous anastomoses with all the other
nerves of the body, excepting those appropriated to the organs
of the senses. There are enlargements dt several of these
junctions, called Ganglions, and which'are composed of a less
‘proportion of the medullary substince, and their texture is
firmer than that of ordinary nerves.:

The terminal extremities: of nérves have been usually con-
sidered of unlimited extension’; by accurate dissection how-
ever, and- the aid of magnifying glasses, the extremé fibrils of
nerves are easily traced as far as their sensible properties, and
their continuity extends. The fibrils cease to be subdivided
whilst perfectly visible .to the ‘naked eye, in the voluntary
muscles of large animals, and the spaces they occupy upon
superficies where they seém to end, leave a remarkable excess
of parts unoccupied: by those fibrils. The extreme fibrils of
nerves lose their opacity, the medullary substance appears soft
and transparent, the enveloping membrane becomes pellucid,
and the whole fibril is destitute of the tenacity necessary to
preserve its own distinctness; it seems to be diffused and
mingled with. the substances in which it ends. Thus the ulti-
mate terminations of nerves for volition, and ordinary sensation,
appear to be in the reticular membrane, the common covering
of all the different substances in an animal body, and the con-
necting medium of all dissimilar parts.

MDCCLV. C
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By this simple disposition, the medullary substance of nerve -
is spread through all organized, sensible, or motive parts,
forming a continuity which is probably the occasion of sym-
pathy. Peculiar nerves, such as the first and second pairs, and
the portio mollis of the seventh, terminate in an expanse of
medullary. substance which combines with other parts and
membranes, still keeping the sensible excess of the peculiar
medullary matter.

The pecnliar substance of nerves must in time become inefs
ficient ; dnd, ag it is liable to injuries, the powers of restoration,
and repair, are extended to that material. The reumion of
nerves after their division, and the reproduction after partof a
nerve has been cut away, have been established. by decisive
experiments. 'Whether there is any new medullary substance
employed to fill up the break, and, if so, whether the. new
substarice be generated at the part, or protruded along. the
nervous theca from.the brain, are points. undetermined : the
history of the formation of a foetus, theé structure of, certain
monsters, and the organization of simple. animals, all seem.to
favour the probability, that the medullary matter of nerves is
formed at the parts where it is required, and not.in the. prm—
cipal seat of the cerebral. medulla.

This doctrine, clearly established, would.lead:to the belief
of a very extended commixture of this peculiar matter inail
the sensible and irritable parts of. animals, leaving the nerves
in their limited distribution, the simple office of conveying im~
pressions from the two sentient masses with which: their
extremities are connected. The most simple animals in whom
no visible appearances of brain or nerves are to be found, and
no fibrous arrangement of muscles; may be_considered of this

Ny et .
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desctiption : Mr. Joirk HUNTER appeared to have hiad some
incompleté fiotions upoh this subject, which may be gathered
from his representation of a materia vite in his Treatise on the
Blood, &t. Perhaps it would b¢ more proper to distinguish
the peculiar matte? of mtisele by some specific term, such, for
example, 4as materia contracfilis.

A particilar adaptation for the nerves which supply the
electrical batteries of the torpedo, and gymnotus, is observabIe,
on the exit of each from' the skull ; over which there is a firm
cartilage acting as a yoke, with a nuscle affixed to it, for the
obvious purpose of compression : so that a voluntary muscle
probably govérns the operations of the battery.

The matter of the nerves, and bram is very similar in all
t'he different classes of animals. -

" The extérnal oonﬁguratlon of animals’is not thore varied
than their internal structire.

The biilk of an aniitial, the limitation' of its’ existence, the
medium in’ which it lives, and the habits it is destined to
pursue, are each, and il of them, so many indications of the
complexity or simplicity of their internal structure. It is
notorious that thé number of organs, and of members, is varied
in all the different classes of animals; the vascular and nervous
systems; the. resplratory, and’ dxgestwe organs, the parts for
procréation, and thé instrumerits of mofion,are severally varied,
and adaptéd to the coridition of the species. This modification
of anatomical strutture is extended in the lowest tribes of ani-
mals, until the body appears to be one homogeneous substance
The cavity for teceiving the food is indifferently the internal, -
or external surface, for they may be inverted, and still con-
timie to digest food; the limbs or tentacula may be cut off;

Cs
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and they will be regenerated .without apparent inconvenience
to the individual : the whole animal is equally sensible, equally
irritable, equally alive: its procreation is gemmiferous. Every
part is pervaded by the nutritious juices, every part is acted
upon by the respiratory influence, every part is equally capable
of motion, and of altering its figure in all directions, whilst
neither blood-vessels, nerves, nor muscular fibres, are disco-
verable by any of the modes of investigation hitherto instituted.

From this abstract animal (if such a term may be admitted )
up to the human frame, the variety of accessory parts, and of
organs by which a complicated machinery is operated, exhibit
infinite marks of design, and of accommodations to the pur-
poses which fix the order of nature.

In the more complicated animals, there are parts adapted
for trivial conveniences, much of their materials not being
alive, and the entire offices of some liable to be dispensed
with. The water transfused throughout the intersticial spaces
of the animal fabric, the combinations with ‘lime in bones,
shells, and teeth ; the horns, hoofs, spines, hairs, feathers, and
cuticular coverings, are all of them, or the principal parts of
their substance, extra-vascylar, insensible, and unalterable by
the animal functions after.they are completed. I have formed
- an opinion, grounded on extensive observation, that many
‘more parts of animal bodies may be considered as inanimate
substances ; even the reticular membrane itself seems to be of
this class, and tendons, which may be the condensed state of
it; but these particulars are foreign to the present occasion. '

The deduction now to be made, and applied to the history
of muscular motion, is, that animated matter may be connected
with inanimate ; this is exemplified in the adhesions of the
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muscles of multi-valve, and bi-valve shell fish, to the inorganic
sheéll, the cancer Bernhardus to the dead shells of other ani-
mals, and in the transplantation of teeth. All of which, although
somewhat contrary to received opinion, have certainly no
degree of vascularity, or vital connection with the inhabitant ;
these shells being liable to transudations of cupreous salts and
other poisonous substances, whilst the animal remains unin-
jured. A variety of proofs to the same effect might be adduced,
but it would be disrespectful to this learned Body to urge any
farther illustrations on a subject so obvious.

The effects of subdivision, or comminution of parts among
the complicated organized bodies, is unlike that of mineral
bodies : in the latter instance, the entire properties of the sub-
stance are retained, however extensive the subdivision ; in the
former substances, the comminution of parts destroys the
essential texture and composition, by separating the gross
arrangements of structure upon which their specific properties
depend. From similar causes it seems to arise, that animals of
minute bulk are necessarily of simple structure: size alone is
not, however, the sole cause of their simple organization, be-
cause examples are sufficiently numerous wherein the animal
attains considerable bulk, and is of simple structure, and vice
versd : but, in the former, the medium in which they live, and
the habits they assume, are such as do not require extensive
appendages, whilst the smaller complex animals are destined
to more difficult, and more active exertions. It may be as-

~sumed however, as an invariable position, that the minutest

animals are all of simple organization.
Upon a small scale, life may be carried on with simple ma-
terials ; but the management, and provisiqns for bulky animals,
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with numerous limbs, and variety of orgams, and appendages
of convenience, are not effected by simple apparatus ; thus, the
skeleton which gives a determinate figure to the species, sup-
ports its soft parts, and admits of a geometrical motion, is
placed interiorly, where the bulk of the animal admits of the
bones being sufficiently strong, and yet light enough for the
moving powers ; but the skeleton is placed externally, where
the body is reduced below a certain magnitude, or where the
movements of the animal are not to be of the floating kind: in
which last case the bulk is not an absolute cause. The examples
of testaceous vermes, and coleopterous, as well as most other
insects, are universally known.

‘The opinion of the muscularity of the crystalline lens of the
eye, so ingeniously urged by a learned member of this Society,
is probably well founded; as the arrangement of radiating
lines of the matter of muscle, from the centre to the circum-
ference of the lens, and these compacted into angular masses,
would produce specific alterations in its figure.

This rapid sketch of the history of muscular structure has
been obtruded before the Royal Society to introduce the prin-
cipal experiments, and reasonings which are to follow: they
are not ordered with so much exactness as becomes a more
deliberate essay, but the intention already stated, and the limits
of a lecture are offered as the apology.

~ Temperature has an essential influence over the actions of
imuscles, but it is not necessary that the same temperature
- ‘should subsist in all muscles during their actions ; neither is it
essential that all the muscular parts of the same animal sheuld
be of uniform temperatures for the due perfarmance of the
motive functions,
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It appears that all the classes of animals are endowed with
some power of producing thermometrical. heat, since it has
been so established in the amphibia, pisces, vermes, and insecta,
by Mr. Joun HunTER ; a fact which has been verified to my
own experience ; the term “ cold-blooded’’ is therefore only
relative. The ratio of this power is not, however, in these:
examples, sufficient to preserve their equable temperature in
cold climates, so that they yield to the changes of the at-
mosphere, or the medium in which they reside, and most of
them become torpid, approaching to the degree of freezing
water. Even the mammalia, and aves, possess only a power
of resisting certain limited degrees of cold; and their surfaces,
as well as their limbs, being distant from the heart, and prin-
cipal blood-vessels, the muscular parts so situated are subject
to considerable variations in their temperature, the influence of
which is known.

In those classes of animals which have little power of gene-
rating heat, there are remarkable differences in the structure
of their lungs, and in the composition of* their blood, from the
‘mammalia and aves. ‘ B

Respiration is one: of the known causes which influences the
temperatures of animals: where these organs are extensive,
the respirations are performed at regular intervals, and are not
governed by the will, the whole mass of blood being exposed
to the atmosphere in each circulation. In all such animals
* living without the tropics, their temperature ranges abeve the
ordmary heat of the atmosphere, their blood contains more of
the red particles than in the other classes, and their muscular
irritability ceases more rapidly after violent death. '

The respirations of the animals denominated * cold-blooded,””
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are effected differently from those of high temperature; in
some of them, as the amphibia of LiNnnzus, the lungs receive
atmospheric air, which is arbitrarily retained in large cells, and
not alternately, and frequently changed. The fishes, and the
testaceous vermes, have lungs which expose their blood to
water, but whether the water alone, or the atmospheric air
mingled with it, furnish the changes in the pulmonary blood,
is not known.

In most of the genera of insects, the lungs are arborescent
tubes containing air, which, by these channels, is carried to
every vascular part of the body. Some of the vermes of the
simpler construction have no appearance of distinct organs, but
the respiratory influence is nevertheless essential to their ex-
istence, and it seems to be effected on the surface of the whole
body, ‘

In all the colder animals, the blood contains a smaller pro-
portion of, the red colouring particles than in the mammalia,
and aves; the red blood is limited to certain portions of the
body, and many animals have none of the red particles.

The following animals were put into separate glass vessels,
each filled with 2 pound weight of distilled water, previously
boiled to expel the air, and the vessels inverted into quicksilver;
viz. one gold fish, one frog, two leeches, and one fresh-water
muscle.* These animals were confined for several days, and
exposed to the sun in the day time, during the month of
January, the temperature being from 43° to 48°, but no air
bubbles were produced in the vessels, nor any sensible dimi-
nution of the water. The frog died on the third day, the fish
on the fifth, the leeches on the eighth, and the fresh-water

: ® Mytilus Anatinus.
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muscle on the thirteenth. This unsuccessful experiment was
made with the hope of ascertaining the changes produced in
water by the respiration of aquatic animals, but the water had
not undergone any chemical alteration. )

Animals of the class mammalia which hybernate, and become
torpid in the winter, have at all times a power of subsisting
under a confined respiration, which would destroy other ani-
mals not having this peculiar habit. In all the hybernating
mammalia there is a peculiar structure of the heart, and its
principal veins; the superior cava divides irito two trunks; the
left, passing over the left auricle of the heart, opens into the
inferior part of the right auricle, near to the entrance of
the vena cava inferior. The veins usually called azygos,
accumulate into two trunks, which open each into the branch
of the vena cava superior, on its own side of the thorax. The
intercostal arteries and veins in these animals are unusually
‘large.

This tribe of quadrupeds have the habit of rolling up their
hodies into the form of a ball during ordinary sleep, and they
invariably assume the same attitude when in the torpid state:
the limbs are all folded into the hollow made by the bending
of the body ; the clavicles, or first ribs, and the sternum, are
pressed against the fore part of the neck, so as to interrupt the
flow of blood which supplies the head, and to compress the
trachea: the abdominal viscera, and the hinder limbs are
pushed against the diaphragm, so as to interrupt its motions,

-and to impede the flow of blood through the large vessels
which penetrate it, and the longitudinal extension of the cavity
of the thorax is entirely obstructed. Thus a confined circu~
lation of the blood is carried on through the heart, probably
MDCCGV, D
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adapted to the last weak actions of life, and to its gradual
recommencement.

This diminished respiration is the first step into the state of
torpidity ; a deep sleep accompanies it ; respiration then ceases
altogether ; the animal temperature is totally destroyed, cold-
ness and insensibility take place, and finally the heart concludes
its motions, and the muscles cease to be irritable. It is worthy
of remark that a confined air, and a confined respiration, ever
precede these phenomena: the animal retires from the open
atmosphere, his mouth and nostrils are brought into contact
with his chest, and enveloped in fur; the limbs become rigid,
but the blood never coagulates during the dormant state. On
being roused, the animal yawns, the respirations are fluttering,
the heart acts slowly and irregularly, he begins to stretch out
his limbs, and proceeds in quest of food. During this dor-
mancy, the animal may be frozen, without the destruction of
the muscular irritability, and this always happens to the garden.
snail,* and to the chrysalides of many insects during the winter
of this climate. '

The loss. of motion and sensation from the influence of low
temperature, accompany each other, and the capillaries of
the vascular system appear to become contracted by the loss
of animal heat, as in the examples of numbness from cold.
Whether the cessation of muscular action be owing to. the
impeded influence of the nerves, or to the lowered temperature:
of the muscles themselves, is doubtful ; but the knovgn- in--
fluence of cold upon the semsorial system, rather favours the
supposition that a certain temperature is necessary for the
transmission of nervous influence, as well as sensation..

* Helix nemaralis,
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The hybernating animals require a longer time in drowning
than others. A full grown hedge-hog was submersed in water
it 48°, and firmly retained there; air-bubbles began instantly
to ascend, and continued during four minutes ; the animal was"
not yet anxious for its liberty. After seven minutes it began
to look about, attempting to escape ;- at ten minutes it rolled
itself up, only protruding the snout, ‘which was hastily re-
tracted on being touched with the finger, and éven the approach
of the finger caused it to retract. After fifteén minutes com-:
plete submersion, the animal still remained rolled up, and
withdrew its nose on being touched. After remaining thirty
minutes under water, the animal was laid upon flannel, in an
atmosphere of 62°, with its head inclined downwards ; it soon:
began to relax the sphincter muscle which contracts the skin,
slow respirations commenced, and it recovered entirely,without
artificial aid, after two hours. Another hedge-hog submersed
in water at 94°, remained quiet until after five minutes; about
the eighth minute it stretched itself out, and expired at the
tenth. It remained relaxed, and extended, after the cessation
of the vital functions ; and its muscles were relaxed, contrary
to those of the animal drowned in the colder water.

The irritability of the heart is inseparably connected with
respiration. Whenever the inhaled gas differs in its properties’
from the common atmosphere, the muscular and sensible parts
of the system exhibit the change: the actions of the heart are
altered or suspended, and the whole muscular and sensorial
systems partake of the disorder: the temperature of animals,
as before intimated, seems altogether dependant on the respi-
ratory functions, although it still remains uncertain in what
manner this is effected. ’ :

De
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The blood appears to be the medium of conveying heat to
the different parts of the body; and the changes of animal
temperature in the same individual at various times, or in its
several parts, are always connected with the degree of rapidity
of the circulation. It i3 no very wide stretch of physiological
deduction to infer, that this increased temperature is produced
by the more frequent exposure of the mass of blood to the
respiratory influence, and the short time allowed in each circuit
for the loss of the acquired heat.

The blood of an animal is usually coagulated immediately
after death, and the muscles are contracted ; but, in some pe-
culiar modes of death, neither the one, nor the other of these
effects are produced : with such exceptions, the two phenomena
are concomitant.

A preternatural increase of animal heat delays the coagu-
lation of the blood, and the last contractions of the muscles:
these contractions gradually disappear, before any changes
from putrefaction are manifested ; but the cup in the coagulum
of blood does not relax in the same manner ; hence it may be
inferred, that the final contraction of muscles is not the coagu-
lation of the blood contained in them ; neither is it a change i
the reticular membrane, nor in the blood-vessels, because such
contractions are not general throughout those substances. The
coagulation of the blood is a certain criterion of death. The
reiterated visitations of blood are not essential to muscular
irritability, because the limbs of animals, separated from the
body, continue for a long time afterwards capable of contrac~
tions, and relaxations.

The constituent elementary materials of which the peculiar
animal and vegetable substances consist, are not separable by
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any chemical processes hitherto instituted, in such manner as
to allow of a recombination into their former state. The com-
position of these substances appears to be naturally of transient
duration, and the attractions of the elementary materials which
form the gross substances, are so loose and unsettled, that
they are all decomposed without the intervention of any agent,
merely by the operation of their own elementary parts on each
other.

An extensive discussion of the chemical properties attaching
to the matter of muscle would be a labour unsuited to this
occasion ; I should not, however, discharge my present duty,
if 1 omitted to say, that all such investigations can only be
profitable when effected by simple processes, and when made
upon the raw materials of the animal fabric, uch, perhaps, as
the albumen of eggs, and the blood. But, until by synthetical
experiments the peculiar substances of animals are composed
from what are considered to be elementary materials, or the
changes of organic secretion imitated by art, it cannot be hoped
that any determinate knowledge should be established upon
which the physiology of muscles may be explained. Such
researches and investigations promise, however, the most pro-
bable ultimate success, since the phenomena are nearest allied
to those of chemistry, and since all other hypotheses have, in
their turns, proved unsatisfactory.

-Facts and Experiments tending to support and illustrate the pre-
ceding Argument.

- Anemaciated horse waskilled by dividing the medulla spinalis,

and the large blood-vessels under the first bone of the sternum.
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The temperature of the flowing blood was 10g°*
Spleen -° - 108
Stomach - - 1io1’
Colon - - g8
. -Bladder of urine g7
Atmosphere - go.

-Three pigs, knlled by a blow on the head, and by the imme-
diate division of the large arteries and veins, entering the middle
of the basis of the heart, had the bléod flowing from these
vessels of 106, 106L, and 107°; the atmospherlc ‘temperature
being at g1°.

An ox, killed in a smnlar manner, the blood 103 atmo-
sphere 50°. .

Three sheep, killed by dmdmg the carotxd arteries, and in-
ternal jugular veins: theirblood 105,105, 1051°; atmosphere 4:1°.

Three frogs, kept for many days in an equable atmosphere
at 54°; their stomachs 62°.

- The watery fluid issuing from a person tapped for dropsy
of the belly 101°: the atmosphere being 43°, and the tem-
perature of the superﬂcies of the body at g6°.

These temperatures are considerably higher than the com-
mon -estimation. . : .

A man’s arm being introduced within a glass cylinder, it
was duly closed at the end .which embraced the head of the
humerus ; the vessel being inverted, water at 97° was poured -
in, so as to fill it. A ground brass plate closed the lower
aperture, and a barometer tube communicated with the water
at the bottom of the cylinder. This apparatus including the
arm, was again inverted, so that the barometer tube became a
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gage, and no air was suffered to remain in the apparatus. On
the slightest action with the muscles of the hand, or fore-arm,
the water ascended rapidly in the gage, making librations of
six and eight inches length in the barometer tube, on each
contraction and relaxation of the muscles.

The remarkable effects of crimping fish by immersion in
water, after the usual signs of life have disappeared, are worthy
attention ; and whenever the rigid contractions of death have
not taken place, this process may be practised with success.
The sea fish destined for crimping are usually struck on the .
head when caught, which, it is said, protracts the term of this
capability ; and the muscles which retain this property longest
are those about the head. Many transverse sections of the
muscles being made, and the fish immersed in cold water, the
contractions called crimping take place in about five minutes ;
but, if the mass be large, it often requires thirty minutes to
complete the process.

. Two flounders, each weighing 1926 grains, the one being
in a state for crimping, the other dead and rigid, were put into
water at 48°, each being equally scored with: a knife. After

- half an hour, the crimped fish had gained in weight 53 grains,

but the dead fish had lost 7 grains. The specific gravity of the
erimped fish was greater than that of the dead fish, but a

. quantity of air-bubbles adhered to the surfaces of the crimped

muscles, which were rubbed off before weighing ; this gas was
not inflammable.
The specific gravity of the crimped fish - - 1,105
’ of the dead fish, after an equal
: ' immersion in water - 1,090.
So that the accession of water specifically lighter than the:
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muscle of fish, did not diminish the specific gravity of crimped
muscle, but the contrary: a proof that condensation had taken
place.

A piece of cod-fish weighing twelve pounds, gained in weight,
by crimping, two ounces avoirdupois; and another less vivas
cious piece, of fifteen pounds, gained one ounce and half.*

The hinder limb of a frog, having the skin stripped off, and
weighing 77, grains, was immersed in water at 54, and suf-
fered to remain nineteen hours, when it had become rigid, and
. weighed 1004 grains. The specific gravity of the contracted
limb had increased, as in the crimped fish.

Six hundred and thirty grains weight of the subscapularis
muscle of a calf, which had been killed two days from the
1oth of January, was immersed in New River water at 45°.
After ninety minutes, the muscle was contracted, and weighed
i air 740 grains : it had also increased in specific gravity, but
the quantity of air-bubbles formed in the intersticial spaces of
the reticular membrane made it difficult to ascertain the degree.

Some of the smallest fasciculi of muscular fibres from the
same veal, which had not been immersed in water, were placed
on a glass plate, in the field of a powerful microscope, and
a drop of water thrown over them, at the temperature of 54°,
the atmosphere in the room being 57°. They instantly began
to contract, and became tortuous.

On confining the ends of another fibril with little weights of
glass, it contracted two-thirds of its former length, by similan

® I am informed that the crimping of fresh water fishes requires hard water, or
such as does'not suit the purposes of washing with soap. This fact is substantiated
by the practice of the London fishmongers, whose experience has taught them to
employ pump water, or what is comgonly called hard water. cs
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treatment. The same experiment was made on the muscular
fibres of lamb and beef, twelve hours after the animals had
been killed, with the like results. Neither vinegar, nor water
saturated with muriate of soda, nor strong ardent spirit, nor
olive oil, had any such effect upon the muscular fibres.

The amphibia, and coleopterous insects, become torpid at
84°. At g6° they move slowly, and with difficulty ; and, at a
lower temperature their muscles cease to be irritable. The
muscles of warm-blooded animals are similarly affected by cold.
" The hinder limbs of a frog were skinned and exposed to
cold at go°, and the muscles were kept frozen for eight hours,
but on thawing them, they were perfectly irfitable.

The same process was employed in the temperature of 20°,

and the muscles kept frozen for twelve hours, but that did not
destroy the irritability.
* In the heat of 100°, the muscles of cold-blooded animals fa.lk
into the contractions of death ; and at 11¢°, all those of warm-
blood, as far as these experiments have been extended. The
muscles of warm-blooded animals, which always contain more
red particles in their substance than those of cold blood, are
sooner deprived of their irritability, even although their relative
temperatures are preserved; and respiration in the former
tribe is more essential to life than in the latter.

Many substances acoelerate the cessation of irritability in
muscles when- applied to-their naked fibrils, such as all the
narcotic vegetable poisons, mutiate of soda, and the bile of

. animals ; but they do not produce any other apparent change
in muscles, than that of the last contraction. Discharges of
electricity passed: through muscles, destroy their irritability,
but leave them apparently inflated with small bubbles of gas;

MDCCCV. E
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perhaps some combination obtains which decomposes the
water. ‘

. The four.separated limbs of a recent frog were skinned, and
immersed in different fluids ; viz. Ne, 1, in a phial containing
six ounces by measure of a-saturated aqueous solution of liver
of sulphur made with potash;. No. 2,.in a diluted acetic acid,
consisting of one drachm of concentrated acid to six of water ;
No. 3, inr a diluted alkali, composed of caustic veget;abl_e alkali
one drachm, of water six ounces ; No. 4, in pure distilled water,

The phials were all corked, and the temperature of their
conterits was 46°. ‘ o ‘.

The limb.contained in the phxal No 1, after remaining
twenty minutes, had acquired a pale red colour, and the muscles
were highly irritable. :

The limb in No. 2, after the same durauon, had become
rigid, white, and swollen ; it was not at all irritable. By re-
moving the limb into, a-diluted solutionof vegetable alkali, the
muscles were relaxed, but no signs of irritability returned.

No. g, under all the former circumstances, retained its pre-
vious appearances, and was irritable, but less so than No. 1.

No. 4, had become rxgld, and the final contraction had taken
place.

Other causes of the loss of muscular irritability occur. in
pathological testimonies, some examples.of which may not be
ineligible for the present subject, . 'Workmen whose hands are
unavoidably exposed to the contact of white lead, are liable to
what is called a palsy in the hands and wrists, from a torpidity
of the muscles of the fore arm: . This affection seems to be.
decidedly local, because, in many .instanceg, neither the brain,.
nor the other members, partake of the disorder ; and it oftenest
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affects the right hand. An ingenious practical chemist in London
has frequently experienééd spasms and rigidity in the niuscles
of his fore arms, from affusiorls of nitric acid over the euticle
of the hand and arm. The use of mercury occasionally brings’
on a similar rigidity in the masseter muscles.

A smaller quahtity of blood flows through a muscle durifig

the state of contraction, than during the quiescent state, as is
evinced by the pale colour of red muscles when contracted.
The retardation of the flow: of blood from the véins of the fore
arm, during venasection, when the muscles of the ¥mb arekept
rigid, and the increased flow after alternate relaxutions; iNdueés
the probability, that a temporary retardation of the blood in the
muscular fibrils takes place during each contraction, and that
its free course obtains‘again during the rélaxation. This state
of the vascular system in a contracted muscle, does not, how-
ever, explain the diminution of its bulk, although it may have
some influence on the limb of a living animal.
- When muscles are vigorously- contracted, their sensibility
to pain is nearly destroyed; this means is employed by jug-
glers for the purpose of suffering pins to be thrust into the
calf of the leg, and other muscular parts with impunity : it is
indeed reasonable to expect, a priori, that the sensation, and
the vbluntary influence, cannot' pass along the nerves at the
same time.

In addition to the influences already enumerated, the human
muscles are susceptible of changes from extraordinary occur-
rem:es of sensible' impressiofis. Long continued attention to
interesting visible objects, 6F to audible sensations, are known
to exhaust the muscular strength : intense thought and anxiety,
weaken the muscular powers, and the passions of grief and

Es
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fear -produce the same- effect ‘suddenly: whilst the contrary
feelings,  suchr as' the prospect. of immediate enjoyment, or
moderate hilarity, give more than ordinary vigour.

It is a very remarkable fact in the history of animal nature,
that the mental operations may become almost automatic, and,
under such habit, be kept in action, without any interval of
rest, far beyond the time which the ordinary state of health
permits, as in the examples of certain maniacs, who are enabled
without any inconvenience, to exert both mind and body for
many days incessantly: The habits of particular medes of labour
and exercise are soon acquired, after which, the actions become
automatic, demand little attention, cease to be irksome, and are
effected with little fatigue : by this happy provision of nature,
the habit of industry becomes a source of pleasure, and the
same appears.to be extended to the docile animals which ca-
operate with man in his labours. .

Three classes of muscles are found in the more complicated
animals. Those which are, constantly - governed by the: will,
or directing: power of the mind, are called voluntary muscles.
Another elass, which operate without the consciousness of the
mind, -are denominated involuntary ; and a mixed kind occur
in the example of respiratory muscles, which are governed by
the will to a limited extent ; nevertheless the exigencies of the
animal feelings eventually urge the respiratory movements in
despight of the will. These last muscles appear to have hecame
automatic by the. continuance of habit. .

‘The uses of voluntary muscles are atained by expenence,
imitation, and instruction: but some of them are never called
into-action among Europeans, as the muscles of the external
ears, and generally the occipito-frontalis. The purely invo-
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luntary musclés are each acted upon by different substances,
which appear to be their peculiar stimuli; and these stimuli
co-operate with the sensorial influence in producing their con-
tractions: for example, the bile appears to be the appropriate
stimulus of the muscular fibres of the alimentary canal below
the stomach, because the absence of it renders those passages

‘torpid. The digested aliment, or perhaps the gastric juice in a

certain state, excites the stomach. The blood stimulates the
heart, light the iris of the eye, and mechanical pressure seems
to excite the muscles of the cesophagus. The last cause may
perhaps be illustrated by the instances of compression upon
the voluntary muscles, when partially contracted, of which
there are many familiar examples. Probably the muscles of
the ossicula auditiis are awakened by the tremors of sound ;
and this may be the occasion of the peculiar arrangement ob-
servable in the chorda tympani, which serves those muscles. .
These extraneous stimuli seem only to act in conjunction
with the sensorial. power, derived by those muscles from the
gangliated nerves, because the ‘passions of the mind alter the
muscular actions of the heart, the alimentary- canal, the respi-
ratory muscles, and the iris;. so that probably:the respective
stimuli dlready enumerated, only act subserviently, by awak-
ening the attention of the sensorial power, (if that expression
may be allowed,) and thereby calling forth the nervous in-
fluence, which, from the peculiar organization of the great
chain of sympathetic nerves, is effected without consciousness :
for, when the attention of the mind, or the more interesting
passions prevail, all the involuntary muscles act irregularly,
and unsteadily, or wholly cease. The movements of the iris of
the common parrot is a striking example of the mixed influence.
The muscles of the lower tribes of animals, which are oftem .
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entirely supplied by nerves coming from ganglions, appear of
this class; and thus the animal motions are principally regu-
lated by the external stimuli, of which the occurrence seems
to agree with the animal necessities: but the extensive illus-
trations which comparative anatomy affords on this point, are
much too copious for any detail in this place.

There are two states of muscles, one active, which is that of
contraction, the other, a state of ordinary tone, or relaxation,
which may be considered passive, as far as it relates to the
mind ; but the sensorial or nervous power seems never to be
quiescent, as it respects either the voluntary or involuntary
muscles during life. The yielding of the sphincters appears to
depend on their being overpowered by antagonist muscles,
rather than on voluntary relaxation, as is commonly supposed.

I have now finished this endeavour to exhibit the more recent
historical facts connected with muscular motion:

It will be obvious to every one, that much remains to be done,
before any adequate theory can be proposed. I have borrowed
from the labours of others, without acknowledgement, because
it would be tedious to trace every fact, and every opinion to its
proper authority: many of the views are perhaps peculiar to
myself, and I have adduced many general assumptions and
conclusions, without offering the particular evidence for their
confirmation, from a desire to keep in view the remembrance of
retrospective accounts, and to combine them with intimations
for future research. The due cultivation of this interesting
pursuit cannot fail to elucidate many of the phenomena in
question, to remove premature and ill founded physiological
opinions, and eventually to aid in rendering the medical art
more beneficial, by establishing its doctrines on more extensive
and accurate views of the animal economy.
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I1. Experiments for ascertaining how far Telescopes will enable us
to determine very small Angles, and to distinguish the real from
the spurious Diameters of celestial and terrestrial Objects : with
an Application of the Result of these. Experiments to a Series of
Observations on the Nature and Magnitude of Mr. Harding’s
lately discovered Star. By William Herschel, LL.D. F.R.S.

Read December 6, 1804,

Tae discovery of Mr. HarpinG having added a moving
celestial - body to the list of those that were known before, I
was desirous of ascertaining its magnitude ; and as in the ob-
Servations which it was necessary to make I intended chiefly
to use a ten-feet reflector, it appeared to me a desideratum
highly worthy of investigation to determine how small a dia-
meter of an object might be seen by this instrument. We know
that a very thin line may be perceived, and that objects may
be seen when they subtend a very small angle; but the case I
wanted to determine relates to a visible disk, a round, well
defined appearance, which we may without hesitation affirm to
be circular, if not spherical.

In April of the year 1774, I determined a similar question
relating to the natural eye: and found that a square area could
not be distinguished from an equal circular one till the diameter
of the latter came to subtend an angle of 2’ 17”. I did not
think it right to apply the same conclusxons to a telescopic view
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of an object, and therefore had recourse to the following
experiments.

15t Experiment, with the Heads of Pins.

I selected a set of pins with round heads, and deprived them
of their polish by tarnishing them in the flame of a candle.
Thediameters of the heads were measured by a microscopic pro-
jection, with a magnifying power of 8o. These measures are
8o exact, that when repeated they will seldom differ more than
a few ten thousandths parts of an inch from each other. Their
sizes were as follows: ,1875 ,0863 ,0821 ,0602 ,0425. I
placed the pins in a regular order upon a small post erected in
my garden, at 2407,85 inches from the centre of the object
mirror of my ten-feet reflecting telescope. The focal length
of the mirror on Arcturus is 119,64 inches, but on these objects
‘125,9. The distance was measured with deal rods.

When I looked at these objects in the telescope, I found
immediately that only the smallest of them, at this distance
could be of any use ; for with an eye-glass of 4 inches, which
gives the telescope a magnifying power of no more than 31,5,
this pin’s head appeared to be a round body, and the view left
no doubt upon the subject. It subtended an angle of g”,64
at the centre of the mirror, and the magnified angle under
which I saw it was 1’ 54”,6. This low power however required
great attention. ' ‘

With a lens 3,3, power g8,15, I saw it instantly round and
globular. The magnified angle was 2’ 18”,9.

With a magnifying power of 231,8,* I saw it so plainly that

® The powers have been strictly ascertained as they are at the distance where
these objects were viewed.
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the little notch in the pin’s head between the coils of the wire
making the head, appeared like a narrow black belt sur-
rounding the pin in the manner of the belts of Jupiter. This
notch by the microscopic projection measured ,00475 inch;
and subtended an angle, at the centre of the mirror, of 0”,407..

With gog,5 I saw the belt still better, and could follow it
easily in its contour.

With 482,0I could see down into the notch and saw 1t Well
defined within.

With 522,3 the pin’s head was a very striking globular
object, whose diameter might easily be divided by. estimation
into ten parts, each of which would be equal to 0",864.
~ With 925,6 [ saw all the same phenomena still plainer.

The result of this experiment is, that an object havmg a
diameter ,0425 may be easily seen in my telescope to be a
round body, when the _magnified angle under which it appears
is 2’ 18”,9, and that thh a high power a part of it, subtendmg '
an angle of o",364, may be conveniently percelved

When I considered the purpose of this experiment, I found
the result not sufficient to answer my mtent;on for as the size
of the object I viewed obliged me to use a low power, a doubt
arose whether the instrument would be equally distinct when
a hlgher should be requxred To resolve this questxon it was
necessary either to remove my objects to a greater distance,
orto make them smaller.

od Ezxperiment, with small Globules of Sealing-wa.t

I melted some sealmg-wax thinly spread on a broad knife,
and dipt the pomt of a fine needle, a llttle heated, into it, which
took up a small globule With some practice I soon acquu'ed

MDCCCV. F
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the art of makmg them perfectly round and, extremely small,

 To prevent my seeing them at a distance in a different aspect

from that in which they were measured under the microscope,
1 fixed the needles with sealing-wax on small slips of cards
before the measures were taken.

Eight of these globules of the following dimensions ,0466
,0825 ,0290 ,02194, ,0210 ,0169 ,0144, ,00763 were placed
upon the post in my garden, and I viewed them in the telescope.

With a power of 231,8 I saw all the first seven numbers

‘well defined, and round, and could ség their gradual decrease

very precisely from No. 1 to No. 7. ‘
With gog,5 I saw them better, and had a glimpse of No. 8,
but could not be sure that I saw it distinctly round; though

‘the magnified angle was g’ 18”,2.

With 482,0 they are all very palpable objects, and, as a
solid body, No. 8 may be seen without difficulty ; at the centre

“of the mirror it subtends an angle of 0”,658. With attention
. we may also be sure of its roundness; but here the magnified
_angle is not less than 4/ 4¢",1. .

With 522,8 I see them all in great perfection as sphencal.
bodies, and the magnitude of No. 7 may be estimated in quarters
of its diameters. The angle is 17,253, and one quarter of it is
0",318. No. 8 may be divided info two halves with ease; each
of which is 0”,327. ‘ '

With ge5,4 I saw No. 8 still better; but sealing-wax is mot
bright enough for so high a power.

By this experiment it appears, that with a globule so small
as ,00763 of a substance not reflecting much light, the mag-
nified angle must be between 4 andé 5 minutes before we can
seeit round. But it also appears that a telescope with a sufficient
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power, will show the disk of a faint object when the angle it
subtends at the naked eye is no more than o",653.

- 8d Experiment, with Globules of Silver. *

W5 the Objects made of sealing-wax, on account of their
colour, did not appear to be fairly selected for these investiga-
tions, I made a set of silver ones. They were formed by
running the end of silver wires, the gosth and -g4oth part of
an inch in diameter, into the flame of a candle. It requires
some practice to get them globular, as they are very apt to
assume the shape of a pear; but they are so easily made that
we have only to reject those which do not succeed.

Thirteen of them, in a pretty regular succession of magni-
tude, were selected and placed upon the post. Their dimensions
were ,03956 ,0871 ,0829 ,0817 ,0272 ,0260 ,0187 ,01%8
,0164 ,0125 ,01187 ,00800 ,00556.

For the sake of more conveniency I had removed my tele-
scope from its station in the library to a work-room. The
distance of the objects from the mirror of the telescope, mea-
sured with deal rods, was here only 2870,5 inches; and the
focal length of the mirror, the magnifying powers of the
telescope, and the angles subtended by the objects have been
calculated accordingly. ‘

With 522,7 I see all the globules, from No. 1 to No. 13,
perfectly well, and can estimate the latter in quarters of its
diameter. The angle it subtends at the centre of the mirror is
0",484 ; and one quarter of it is 0”,121,

With the same power I see the wires which hold the balls,
so well that even the smallest of them may be divided into

T Fe -
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half its thickness. It measures ,00237, the angle is 0”,206;
and half of it o”,1¢ 03

With 438,01 see all the globules of a round form, and can
by estimation divide No. 14 into two halves. Thf e .,a'md
angle is here g’ 29”,0, but as its diameter could uy estnmatxon
be divided into two parts, the round form of a globule some-
what less might probably have been ‘perceived, so that the
magnified angle would perhaps not have much exceeded the
quantity 2’ 18”,9 that has been ass1gned before.

After some time the weather became much overcast, and as
the globules were placed over a cut hedge, the leaves and
interstices of which did not reflect much light, they received
the greatest part of their illumination from above. This made
them gradually assume the shape of half moons placed hori-
zontally. The dark part of these little lunes, however, did not
appear sensibly less than the enlightened part, so that there
could not be any thmg spurious about them.

By this experiment we find that the telescope acts very well
with a high power, and will show an object subtending only
0”,484 so large that we may divide it into quarters of its
diameter.

4th Ezxperiment, with Globules of Pitch, Bee’s-waz, ‘and
Brimstone.

I had before obJected to sealmg-wax globules on account of
their dingy-red colour; in the last experlment a doubt was
raised with regard to the silver ones, because they were per-
haps too glossy In order to compare ‘the effect of different
substances together in the same atmosphere, I put up three
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globules, No. 1 of silver, diameter ,01187 ; No. 2 of sealing-
wax ,01125; No. g of pitch ,00653.
With 522,7 I saw No. 1 round, and could estimate % of its
“W—otar ,, The angle is 0”,989; £ of it is 0”,247.
- $2% Tvor2 round, but of a dusky-red colour. It is not
nearly so bright as No. 1; nor does it appear quite so large

as the proportional measure of the globules would require. I

- can estimate £ of its diameter. The angle is 0”,979; and £ of

it is 0”,326.
No g reflects so little light that I can barely perceive the

_ globule, but not its form; and yet it subtends an angle of

o,568.

‘To discover whether this ought to be ascribed intirely to the
want of reflection of the pitch, I took up some white melted
bee’s-wax, by dipping the fine point of a needle perpendicu-
larly into it. This happened to be only half a globule, and its
diameter was ,0105.

When I examined the object with 538 I saw it with great
ease, and could estimate £ of its diameter. The angle is 0”,914,;
and £ of it is 0”,228. I'saw also that it was but half a globule.

"1 took up aniother, that I might have a round one ; but found
that again I had only half a globule. I was so perfectly bi-
sected, that art and care united could not have done it better.
Its diameter was ,0108. In'the telescope I saw its semiglobular

form, and could estimate % of its diameter.

By some further trials it appeared, that a perfect globule of

‘this substance could not be taken up, the reason of which it is

not difficult to perceive ; for as it melts with very little heat,
it will cool the moment the needle is lifted up ; and the surface,

‘which cools first, will be flat.
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The roundness of the objects being a material circumstance,
I melted a small quantity of the powder of brimstone, and
dipping the point of a needle into it, I found that globules,
perfectly spherical and extremely small, might be taken up.
I had one of them that did not exceed the 640th part of an
inch in diameter. . ‘

When four of the following sizes, ,00962 ,009125 ,00475
002875 were placed on the post in the garden and viewed
from the work-room station with 522,7 I saw No. 1, 2, and g,
round, but No. 4 was invisible.

These globules reflect but little light, so that they are not
easily to be distinguished from the surrounding illumination of *
the atmosphere ; but when I placed some dark blue paper a
few inches behind them, I then could also perceive No. 4 as a
round body. The angle it subtends is 0”,207.

5th Experiment with Objects at a greater Distance.

Having carried the minuteness of the globules as far as
appeared to be proper, I considered that a valuable advantage
would be gained by increasing the distance of the objects.
‘The experiments might here be made upon a larger scale, and
the body of air through which it would be necessary to view
the globules would bring the action of the telescope more
upon a par with an application of it to celestial objects.

On a tree, at 9620,4, inches from the object mirror of the te-
Jlescope, I fixed the sealing-wax globules of the 2d experiment,
The distance was measured by a chain compared with deal
rods,. and by calculation the altitude of the objects has been
properly taken into the account.

With 502,6 No. 1 is a very large object; so that were I to



of ascertaining the Magnitude of small celestial Bodies. g9

gee a celestial body under the same angle, I could never mis-
‘take it for a small star. The angle it subtends is 0”,999.

I see the diameters of No. ¢ and g very-clearly, and can
“divide them by estimation into two parts, half of No. g is 0”,g11.

I see No. 4, and 5 as round bodies, but cannot divide them
by estimation. The diameter of No. § is o%,45. No. 6 may
also be seen, but 7 and 8 are invisible.

These objects reflecting too little light, the silver globules
of the gd experiment were placed on the tree. It will be right
to mention that they were all so far tarnished by having been
out in the open air for more than a fortnight, that no improper
reflection was to be apprehended. ’

The air being uncommonly clear, I saw with 502,6 the glo-
bules No. 1, ¢, 8, 4, 5, and 6, as well defined black balls. I
could easily distinguish £ of the diameter of No. 6; which is
OII 1 39

With 415,7 I saw them all round as far as No 10 included.

With 502,6 I'saw No. g and 10 very sharp and black, amd
could divide No. 10 into two parts, each of which would be
0,184,

With a mew lens, power 759,7, I saw No. 10 better than
with 502,6, and could with ease distinguish it into halves, or
even third parts of its diameter. % of it is 0”,089.

With 22g,1 I saw them all as far as No. 1o included as
visible objects, but the smallest of them were mere points.
No. 6 might be divided with this power into two parts; each
being o“,279. |

With 2ge,1 I saw No. 10 sharp and round. The magnified
angle is only 1’ 18”,3. One half of No. 6 may be percelved
with great ease.
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The weather being as favourable as possible, I saw with
415,7 the globule No. 10 round at first sight; the magnified
angle is 1’ 51”,2. I can see No. 12 steadily round ; the angle
is 0”,172. Itis however a mere point, and divisions of it cannot
be made.

With a new 10-feet reflector, power 540, the globule No. 10
is beautifully well defined, and £ of it may be estimated ; the
angle is 0,268 ; £ of it is 0”,184.

With the old reflector, and 502,6, I see No. 12 steadily
round. No. 7, 11, and 13, have met with an accident, and
could not be observed.

6th Experiment with illuminated Globules. *

The night being very dark, 8 silver globules, from ,0gg91
to ,00596 in diameter were placed on the post, and illuminated
by a lantern held up against them.

With 522,7 I saw them all perfectly well, but the small
quantity of light thrown on them was not sufficient to make
angular experiments upon.them. As objects I saw them as
easily as in the day time. Probably the phases of the.illumi-
nated disks I saw might be such as the moon would show when
about g or 10 days old. The angle of No.- 8, had it been full,
would have been 0”,519. A better way of illumination might
be contrijyed.

SPURIOUS DIAMETERS OF CELESTIAL OBJECTS.

Observations and Experiments, with Remarks.

July 17, 1779. -With a 7-feet reflector, power 280, I saw
the body of Arcturus, very round and well defined. I saw
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also ¢ Urse majoris and other stars equally round, and as
well defined. _
REMARKS.

(1.) As these diameters are undoubtedly spurious, it follows
that, with the stars, the spurious diameters are larger than the
. real ones, which are too small to be seen.

Sept. 9, 1779. The two stars of ¢ Bootis are of unequal dia-
meters ; one of them being about three times as large as the
other.

(2.) From this and many estimations of the spurious dia-
meters of the stars* it follows, not only that they are of
different sizes, but also that under the same circumstances, their
dimensions- aré of a permaiient nature.

August 25, 1780. The large star of ¥ Andromeda is of a
very fine reddish colour, and the small one blue.

(38.) By this and many other observations it appears, that
the spurious diameters of the stars are differently coloured,
and that these colours are permanent when circumstances are
the same.

Nov. 23, 1779. I viewed « Geminorum with a power of 449,
and saw the two stars in the utmost perfection. The vacancy
between them was about 11 diameter of the largest. I found
when I looked with a lower power, that the proportion between
the distance and magnitude of the stars underwent an alteration.
With 222, the vacancy was 14 diameter, and with 11¢2, it was
no more than 1 diameter of the smallest of the two stars, or
less. :
(4.) By many observations, a number of instances of which
® See Catalogues of double Stars. Phil. Trans, for 1783, p. 115; and for 1785,

page 40. .
MDCCCV. G
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may be seen in my catalogues of double stars, their spurious
diameters are lessened by increasing the magnifying power,
and increase when the power is lowered.

(5.) It is also proved by the same observations, that the
increase and decrease of the spurious diameters, is not inversely -
as the increase and decrease of the magnifying power, but in
a much less ratio.

Nov. 18, 1782. The two stars of the double star 40 Lyncis,
with a power of 460 are very unequal ; and with 227 they are
extremely unequal.

(6.) From this we find, that the magnifying power acts
unequally on spurious diameters of different magnitudes ; less
on the large diameters, and more on the small ones.

Aug. 20, 1781. I saw ¢ Bootis with 460, and the vacancy
between the two stars was 1} diameter of the large one. I
then reduced the aperture of the telescope by a circle of paste-
board from 6,3 inches to g,5, and the vacancy between the
two stars became only I diameter of the small star.

The proportion of the diameters of the two stars to each
other was also changed considerably ; for the small one was
now at least 3 if not § of the large one.

(7.) This shows that when the aperture of the telescope is
lessened, it will occasion an increase of the spurious diameters,
and when increased will reduce them.

(8.) It also shows that the increase and decrease of the
unequal spurious diameters, by an alteration of the aperture of
the telescope, is not proportional to the diameters of the stars:

(9.) But that this alteration acts more upon small spurious
diameters, and less upon large ones.

Aug. 7, 178g. 1 tried some excessively small stars near ¢
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Aquile. When y was perfectly distinct and round, the ex-
tremely small stars were dusky and ill defined ; the ezcessively
small ones were still less defined. As there are stars of all sizes
in this neighbourhood, I saw some so very minute, that they
only had the appearance of a small dusky spot, approaching to
mere nebulosity. By very long attention I perceived many small
dusky nebulous spots, which had it not been for this attention
might have been in the field of view without the least suspicion.

(10.) From this we find that stars, when they are extremely
small, lose their spurious diameters, and become nebulous.

July %, 1780. I saw the spurious diameter of Arcturus gra-
dually diminished by a haziness of the atmosphere till it
vanished intirely.

A more circumstantial account of this observation has already
been given; and some other causes that affect the spurious
diameter of the stars, have been pointed out in the same paper,
such as tremulous air, wind, and hoar-frost.*

January g1, 178g. The star in the back of Columba makes
a spectrum, about 5 or 6” long, and about ¢” broad, finely
coloured by the prismatic power of the atmosphere at this
altitude.

" July 28, 1783. Fomalhaut gives a beautiful prismatic spec-
trum, on account of its low situation. .

July 17, 1781. With a new lens, power between 5 and 6
hundred, I saw ¢ Aquarii, and found the vacancy between the
two stars exactly ¢ diameters. With my old one, power only
460, it was full ¢ diameters. As it should have been larger
with the high power than with the low one, it shows that the
best eye-lens will give the least spurious diameter.

® Sece Phil. Trans. for 1803, page 224.
Ge
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. Oct. 12,1%82. I tried a new plain speculum, made by a very
good workman, and found that when I viewed a Geminorum
‘with 460, the vacancy between the two stars was barely 11
diameter, but the same telescope and power with my own
small speculum, made the distance 8 diameters, so that the
figure of this mirror affects the spurious diameters of the stars.
(11.) Hence we may conclude that many causes will have
an influence on the apparent diameter of the spurious disks of
the stars; but they are so far within the reach of our know-
ledge, that with a proper regard to them, the conclusion we
have drawn in Rem. (9.)  that under the same circumstances
« their dimensions are permanent,”” will still remain good.

SPURIOUS DIAMETERS OF TERRESTRIAL OBJECTS, WITH SIMILAR
REMARKS.

wth Ezperiment with Silver Globules.

A number of silver globules were put on the post, before
they had been tarnished ; and the sun shone upon them. When
I viewed them in the telescope, there was on each of them a
lucid appearance resembling the spurious disk of a star. I
could distinguish this bright spot from the real diameters of
the globules perfectly well, and found it much less than they.
were.

Rem. (1.) Hence we conclude that the terrestrial, spurious
disks of glohules are less than the real disks; whereas we
have seen, in Remark (1.) of the celestial spurious disks, that
these are larger than the real ones,
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8th Experiment.

The luminous spots, or spurious disks of the globules were
of unequal diameters. The globule No. 1 had the largest disk,
and the smaller ones the least; and the gradation of the sizes
followed the order of the numbers.

(2.) This agrees with the spurious: disks of celestial objects:
the stars of the first, second, and third magnitude having a
larger spurious disk than those that are of inferior magnitudes.

9th. Experiment.

I found that there was a considerable difference in the colour
of the spurious disks; one of them was of a beautiful purple
colour, another was.inclined to orange, a large one was. straw
coloured, a small one pale-ash coloured, and most of them
were bluish-white.

(8.) With respect to colours, therefore, the terrestrial also
agree with the celestial spurious disks.

10th Expertment.

. I made two globules of different diameters, and placed them
very near each other, so that their spurious disks might re-
semble those of a double star; this succeeded perfectly well.
I viewed them. with different powers.

With 177, the vacancy between them is § diameter of the
large star.

With 2ge, it is 1L diameter.

With gog,8, it is 1§ diameter.

With 43s,3, it is 14. _

(4-) This experiment proves that the spurious diameters
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of the globules are also in this respect like the spurious disks
of the stars ; for they are proportionally lessened by increasing
the magnifying power, and increased when the power is
lowered.

(5.) When the estimations-are compared with the powers,
it will also be seen that the increase and decrease of the spurious
disks of the globules is not inversely as the powers, but in a
much less ratio.

11th Experiment.

Two other globules of different sizes were examined; and

With 706,3 they were pretty unequal.

With 522,7 they were considerably unequal. >

With gog,8 they were very unequal. -

(6.) This proves that the effect of magnifying power is
unequally exerted on spurious diameters; and that, as with
celestial objects, so with terrestrial, this power acts more on
the small spurious disks than on the large ones.

. 12th Experiment.

I viewed a different artificial double star with 5e2,7, and
keeping always the same power, changed the aperture of the
telescope. o .

With the inside rays I found them considerably unequal, and
¢l diameters of the largest asunder. The spurious disks are
perfectly well defined, round, and of a planetary aspect.

With all the mirror open, they are also round and well
defined.

With the outside rays, they are near 4 diameters of the largest
asunder, and are also round and distinct, but surrounded with
flashing rays and bright nodules in continual motion.
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(7.) This shows that the spurious terrestrial disks, in this
respect again resemble those of the stars;. increasing when
the aperture is lessened, and decreasing when it is enlarged.

_ 18th Experiment.

With the same magnifying power 482,3, but a change of
aperture, I viewed two equal globules, and two unequal ones.

With the inside rays the equal globules were 1 diameter
asunder.

With all the mirror open, they were 11 diameter asunder.

And with the outside rays they were ¢ diameters asunder.

The unequal globules, with the inside rays, were a little
unequal, and 1 diameter of the large one asunder.

With the outside rays they were considerably unequal, and
¢ diameters of the large one asunder.

(8.) By these experiments it is proved, that the increase
" and decrease of the diameters occasioned by different apertures
is not proportional to the diameters of the spurious disks.

(9.) But that the change of the apertures acts more on the
small, and less on the large ones.

‘ 14¢h Experiment.

No. 1 of a set of globules, has the largest spurious diameter.
No. gis larger than No. 2 ; whereas No. 2 has the largest real
diameter. It is inclined to a greenish colour. No. g is now
reddish, and is larger than No. 1, which is at present less than
No.2. No. 1 grows bigger, and is now the largest.

The sun which had been shining, was obscured by some
clouds, but the spurious diameters of the globules I was viewing
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remained visible, and were almost as bright as when the sun
shone upon them.

I saw one of the globules lose its spurious diameter while
the sun continued to shine. After some time the spurious dia-
meter came on again, and very gradually grew brighter, but not
larger. The colour of one of the globules being of a beautiful
purple, changed soon after to a brilliant white.

The sun being obscured by some clouds, a globule lost its
spurious diameter, and acquired the shape of an half moon, of
the size of the real disk or diameter of the globule. I saw the
sun break out again, and the half moon was gradually trans-
formed into a much smaller spurious disk.

(10.) The spurious disks of globules are lost for want of
proper illumination, but do not change their magnitude on that
account. The brightness of the atmosphere in a fine day is
sufficient to produce them ; though the illumination of the sun
is generally the principal cause of them.

(11.) The diameters of spurious disks are liable to change
from various causes ; an alteration in the direction of the illu-
mination will make the reflection come from a different part of
the globule, which can hardly be expected to be equally po-
lished in its surface, or of equal convexity every where, being
very seldom perfectly spherical; but as upon the whole the
figure of them is pretty regular, the apparent diameter of the
spurious disks will generally return to its former size.

15th Experiment, with Drops of Quicksilver.
At a time of the year when bright sun-shine is not very
frequent, I found that my silver globules would seldom give
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mie dh- 6pportanity for experiménts ‘on spurious disks; to
obviite this inconveniente; I'wsell small drops of quicksilver.
They are more lucid, and will give a bright spot with very
Iittle sunishine. - Many of.these drops of all sizes were exposed
upon a plate of glass; and sdme dn-slips-of steel. The manage-
ment of them is a little different from that of the globules.
For in order to represent a double star these must be placed
one almost behindt the other, as otherwise they cannot be
brought newr enough without running together. The following
general observation will include all the necessary particulars.

The bright spots on drops of quicksilver are very small
compared to the size of the draps.
- ‘They are not proportional to the magnitude of the drops,
though les¢ ori the sinall ones and greater on large ones.

In sorfe of the Jarge ones the bright spot is about % or 5
of the @lameter of the drop. - .

The magnitude of the luininous spots is liable to changes, but
is- rather thore permarrent than with the siver globules.

‘There is a little difference in the colour of the luminous
spots ; they are generally of a brilliant white, but sometimes
they inclineto yellow; and the stnall ones to ash-colour.

‘With high magnifyimng powers they are véry well defined,
and, on account of their brightness, will bear these powers
better than the silver globules.

If M and m, stand for the diameters of the large and small

mirror of my telescope, then will an aperture = / M': o+ mt

give half the light of the telescope. With this I examined
two of the drops, and found the luminous spots upon them

with
MDCCCV. H
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- 925,4 nearly equal, and ¢ diameters;of the largest asunder.

706, nearly equal, and above 2 diameters of the largest
asunder.

432,3 pretty unequal, and 2 diameters, of the largest. asunder

1%%,0 considerably uneq'ual and 1-5 d:ameter of the la.rgest
asunder. -

I examined also two other drops, with dlﬂ'erent apertures,
without changing the power, which was 706,g.

With the inside rays they were very Iittle unequal and %
diameter of the largest asunder. '

With the outside rays they were oonsxderably unequal and

1 diameter of the largest asunder.

From what has been said; it appears t.hat al.l the remarks
which have been made with regard to ‘the spurious disks of
the silver globules are confirmed by the luminous spots on the
drops of quicksilver. There is a difference in-the proportion
which the spurious disks on quicksilver bear to the drops, and
that on the silver globules to the size of the globules; the
latter also give a greater variety of colours and rhagnitudes
than those on quicksilver ; these are circumstances of -which
it would be easy to assign the cause, but they can be of no
consequence to the result we have drawn from the experiment.

16th Experiment, with black and white Circles.

I tried to measure some of the spurious disks by projecting
them on a scale with a moveable index, but found their dia-
meters were too small for accuracy by this method ; for this
reason I had recourse to artificial measuring-disks, and pre-
pared a set of eleven white circles on a black ground, and
eight black ones on a white ground. In order to guard against



of ascertaining Phe Magnetude of small.celestial Bodies. 51

deceptions, I fixed them up;against a-tablet.154 inches from
the eye, where it -was intended to. project the spurious disks of
the globules, and é¢xamined them at that distance with the
naked eye. Comparing then the size of the black to the white,
I judged No. 1.0f the black to be a little larger than No. 6 of
the white circles. By a measure taken afterwards, it appeared
that the black one  was ,40 and the white ,g39. Without sup-
posing that every estimation may be made at this distance with
equal accuracy, to the hundredth part of an inch, it is suffi-
. ciently evident that no material deception can take place in
estimating by either of the sets of circles on account of their

colour. o o 4
A7th. Experiment, with dzﬁr.e?t Illumination.

...- A similer-experiment was made in' the microscope, by which
the-globules were measured. Two of them were placed on the
measuring stand, and with an iHumination from ‘below, they
appeared black, and were projected on white paper. The dia-
meter of each; globule and the distance between them were
then measured. After this, I caused the illumination to come
from above, and the globules being now of .a silvery white,
were projected on a slate. In this situation, when I repeated
the former measures, no difference could be perceived.

18th Experiment. Measures of spurious Disks.

‘The spurious disk of a globule was then projected on the
-tablet where the white circles were placed. While I was com-
paring it with No. 4, which is ,g1 in diameter and estimated it
to be a little less than the circle, the spurious disk grew brighter;
but it remained still of the same size; so that a variation in
the quantity of the illumination will make no difference.
He
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Every thing being néw arranged for the measurement, §.
viewed the spurious diameter, with a magnifying power of
522,7, and compareé it to the circles which succeeded each
other by small differences of magnitude.

With all the mirror, from the centre to 8,8 mches open, the
diameter of the spurious disk was ,g1 inches.

With 6,3 inches open, it was less than ,40 and larger than
355 '

With 5 inches open, it was ,40.

With 4 inches open, it was ,42.

With g inches open, it was ,465 nearly.

From these measures it might be supposed that by lessening
the quantity of light, we bring on a certain indistinctness which
gives more diameter to the spurious object; to prove that this
is not the cause of the increase, I used the folowing apertures.

With an annular opening from 6,5 to 8,8 inches, the-spurious
disk was rather less than ,18.

With another from 5 to 8,8 it was exactly ,18. :

With an opening from 4 to 6,5 it was ,99.

With another from 1,6 to 4 it was ,42.

(12.) Now since the outside rim from 6,5 to 8,8, which
reflected less than half the light of the mirror, produced a
spurious disk less than',18 in diameter, and the whole light as
we have seen gave a disk of ,31, it is evidently not the quantity
of the light, but the part of the mirror from which it is re-
flected, that we are to look upon as the cause of the magnitude.
of the spurious disks of objects.

(18.) These measures therefore point out an improvement

"in my former method of putting any terrestrial disk we suspect
to be spurious to the test. For the inside rays of a mirror, as



of ascertaining the Magnituds of small celestio} Bodies. 53

before, will increase the diameter of these disks, but the outside
rays alone will have a greater effect in reducing it, than when
the inside rays are left to join with them. '

19th Experiment. Trial of Estimations.
I placed two silver globules at a small distance from each
other upon the post, but without measuring either the globules
or their distance. When I viewed them with 52¢,7 they ap-
‘peared in the shape of two half moons in an horizomtal situa-
tion. The unenlightened parts of them were also pretty distinctly
visible. I estimated the vacancy between the cusps of the lunes
to be 4 diameter of the laxgest.
On measuring the diameters and distance under the micro-
scope, it appeared that the largest was ,0812; a quarter of
which is ,0078. The distance of the globules from each other
measured ,0111. The difference in the estimation ,0033 is less
“than 4% part of an inch.
- The experiment was repeated with a change of the distance
of the globules from each other. They were then estimated to
be less than the diameter of the large one asunder, but full
that of the small one. When they were measured it was found
that their distance was ,02608, and the diameter of the small

"one was ,0847, wWhich estimation is still more accurate than
the former.

2oth Experiment. Use of the Criterion.

‘It remained now to be ascertained whether these half moons
were spurious or real ; for although I could also imperfectly
perceive the dark part of the disks of the globules, yet a doubt
would arise whether the two halves were really of equal
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magnitude; to resolve this question, I viewed them first with
the inside rays of the mirror, then with the outside, and found
that in both cases the distance of the lunes remained without
the least alteration. I viewed them also with the whole mirror
open, but it occasioned no change.

21st Experiment. Measures of the comparative Amount of the
spurious Diameters, produced by the Inside and Outside Rays.

I divided the aperture of the mirror into two parts, one
from o to 4,4 and the other from 4,4 to 8,8 inches. When I
measured the spurious diameter of a globule, the inside rays

-made it ,40; with all the mirror open it was ,31; and with
the outside rays it was ,22.

(14.) From this we may conclude that the diameters given
by the inside rays, by all the mirror open, and by the outside
rays, are in an arithmetical progression; and that the inside
rays will nearly double, the diameter given by the outside. It

‘remains however to be ascertained whether this will hold good
with spurious disks of various magnitudes: _

It will not be necessary to carry the divisions of the aperture
farther ; for as the application of these experiments is chiefly
intended for astronomical purposes, we can hardly do with less
than half the mirror open ; and on the other hand with a very
narrow rim of reflection from the outside of the mirror, dis-
tinctness would be apt to fail.

22d Experiment. Trial of the Criterion on celestial Objects.

I viewed « Lyra with the outside rays, and found its spurious
disk to be small ; with all the mirror open it was larger, and
with the inside rays it was largest.
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As far as the imagination will enable us to compare objects
we see in succession, the magnitudes appeared to be in an
arithmetical progression.

28d Ezxperiment.

I examined « Geminorum' with 410,5, and with the outside
rays the stars were considerably unequal, and 1} diameter of
the largest asunder. With all the mirror open they were
more unequal, and 14 diameter of the largest. With the inside
- rays they were very unequal, and 1 of the largest asunder.

These experiments show that, if it had not been known that
the apparent disks of the stars were spurious, the application of
‘the improved criterion of the apertures would have discovered
them to be so; and that consequently the same improvement
is perfectly applicable to celestial objects. '

OBSERVATIONS ON THE NATURE AND MAGNITUDE OF MR.
HARDING’S LATELY DISCOVERED STAR.

It will be remembered that in a former Paper, where I
investigated the nature of the two asteroids discovered hy
Signior Piazzr and Dr. OLBERs, I suggested the probability
that more of them would soon be found out ; it may therefore
be easily supposed that I was not much surprised when I was
informed of Mr. HARDING’s valuable discovery.

On the day I received an account of it, which was the 24th of
September, I directed my telescope to the calculated place of the
new object,and noted all the small stars within a limited compass
about it. They were then examined with a distinct high mag-
nifying power ; and since no difference in their appearance was
perceivable, it became necessary to attend to the changes that
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might happen in the situation of any one of them. They were
delineated as in Fig. 1, (Plate I.) which is 2 mere eye-draught,
to serve as an elucidation to a description given with it in the
journal ; and the star marked %, as will be seen hereafter, was
the new object.

Sept. 25. The moon was too bright to see minute objects
well, and my déscription the night before, for the same reason,
had not been sufliciently particular ; nor did I expect, from
the account received, that the star had retrograded so far in’
its orbit.

Sept. 26. The weather being very hazy, no regular obser-
vations could be made; but as I noticed very particularly
a star not seen before, it was marked / in Fig. ¢, and proved
afterwards to have been the lately discovered one, though still
unknown this evening, for want of fixed instruments.

Sept. 27. I was favoured with Dr. MaskeLYNE’s account of
the place of the star, taken at the Royal Observatory, by which
communication I soon found out the object I was looking for.

Sept. ¢9. Being the first clear night, I began a regular series
of observations; and as the power of determining small angles,
and distinctness in showing minute disks, whether spurious or
real, of the instrument I used on this occasion, has been suffi-
ciently investigated by the foregoing experiments, there could
be no difficulty in the observation, with resources that were
then so well understood, and have now been so fully ascer-
tained. '

“ Mr. HARDING’s new celestial ‘body precedes the very
" ¢ small star in Fig. g, between e9 and gg Piscium, and is a
« little larger than that star; it is marked A. fg & are taken
‘ from Fig. 1. Isuppose g to be of about the gth magnitude,
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‘ g0 that thé riew star ‘may be called a’ small oone of the
“ 8th.”

" With the 1o—feet reflector, power 4.96,3, I viewed it atten-
tively, and comparing it with g and 4, Fig. g, could find no.
difference in the’ appearance but what might be owmg to'its
being a larger star. .

.. By way of putting this to a trlal I changed the power to
879.4, but eptild-not find. that «it magmﬁed the new one more
than it did the sfars g and A. -

¢ ] cannot perceive any dlsk ; its apparent magnitude wnth
« this- power is greater than that of the star g, and also a very
« little greater than that of z; but in.the finder, and the night-
« glass g is considerably smaller than the new star, and 4 is
¢ also a very little smaller.”’

I compared it now with a star which in the finder appeared
to be a very little larger; and in the telescope with 8%9,4 the
apparent magnitude of thlS star was also larger than that of
the new one.

“ As far as I can judge without seeing the asteroids of Mr.
¢ P1azzi1 and Dr. OLBERs at the same time with Mr. HARDINGs,
« the last must- be at least as small as the smallest of the
¢ former, which is that of Dr. OLBERs.”

¢ The star %, Fig. 1, observed Sept. 24, is wanting, and was
“ therefore the object I was insearch of, which by computation
“ must have been that day in the place where I saw it.”

“ The new star being now in the meridian with all those to
“ which I am comparing it, and the air at this altitude being
« very clear, I still find appearances as before described: the
“ new object cannot be distinguished from the stars by mag-
“ nifying power, so that this celestial body is a true asTERoOID."”

MDCCCV. ‘ I
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.Mr. BobE’s stars 19, 25 and 27 Ceti are marked 7m, and by
comparing the asteroid, which I find is to be called Juno, with
these stars, it has the appearanoe of a small one of the 8th
maghitude,

. With regard to the diameter of Juno, whlch name it will at
present be convenient to use, leaving it still to astronomers to
adopt any other they may fix upon, it is evident that, had it
been half a second, I must have instantly perceived a visible
disk. Such a diameter, when I saw it magnified 8%9,4 times,
would have appeared to me under an angle of 7’ 19",7, ohe
half of which, it will be allowed, from the experiments that
have been detailed, could not have escaped my notice.

Oct. 1. Between flying clouds, I saw- the asteroid, which in
its true starry form has left the place where I saw it Sept. 9.
It has taken the path in which by calculation I expected it
would move. This ascertains that no mistake in the star' was
made when I observed it last. :

Oct. 2, 7*. Mr. HARDING’s asteroid is again removed, but
is too low for high powers.

8k go'. I viewed it now' with ge0,3 288,4 410,5 496,38 and
879,4. No other disk was visible than that spurious one which
such small stars have, and which is not proportionally mag-
nified by power.

. With ¢88,4, the asteroid had a larger spurious disk than
a star which was a little less bright, and a smaller spurious:
disk than another star that was a little more bright.

Oct. 5, with 410,5. The situation of the asteroid is now as
in Fig. 4. I compared its disk, which is probably the spurious.
appearance of stars of that magnitude, with a larger, an equal,
and a smaller star, It is less than the spurious disk of the

-
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larger, equal to that of the equal, and larger than that of the
smaller star. The gradual difference between the three stars
is exceedingly small.

"« With 4963, and the air uncommonly pure and calm, I see
* so well that I am certain the disk, if it be not a spurious one,
¢ is less than one of the smallest globules I saw this mommg
“ in the tree.”

The diameter of this globule was ,0e. It subtended an angle
of 0”,429, and was of sealmg-wax had it been a silver one,
it would have been still more visible.

With 879,4. All comparative magmtudes of the asteroid and
stars, remain as with 496.3.

I see the mimite double star ¢ Ophiuchi* in high perfection,
which proves that the air is clear, and the telescope in good
order. I .

The asteroid bemg now i in the meridian, and the air very
pure, I thmk the comparative diameter is a little larger than
that of an equal star, and its light also differs from star-light,
Its apparent magmtude "however, can hardly be equal to that
of the smallest globule I saw this morning. This globule
measured ,01g58, and at the distance of g620,4 inches sub-
tended an angle of o",214.

When I ~viewed the asteroid with 879,4 I found more hazi-
ness than an equal star would have given: but this I ascribe
to want of light. What I call an equal star, is one that in an
achromatic finder appears of equal light.

Oct. .. Mr. HARDING’s asteroid has continued its retrograde
motion. The weather is not clear enough to allow the use of
high powers.

* Sce Cat. of double Stars, L. 87.
|
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Oct. 8. If the-appearance resembling the :spurious disks of
small stars, which I see with 410,5 in Mr. HArRDING s asteroid,
should be a real diameter, its quantity then by estimation may
amount to about 0”,3. “This judgment is founded on the facility
with . which I can .see two globules often viewe, fo;,' this
purpose. . fooo

The angle of the first is o”,4.29, and of the other ©",2143
and the asteroid might be larger than the latter, but certalnly
was not equal to the former. . SO

With 496,3, there is an ill deﬁned hazy appearance, but
nothing that may be called a disk visible. When there. js a
glimpse of more condensed light to be.seen in the ‘centre, it s
so small that it must be less than twq-tenths -of a secand. .

- To decide whether this apparent condensed light was a r;aal-

or spurious disk, I applied different limitations to the aperture
of the telescope, but found that the light of the new star was
too feeble to permit the use of them. From this { congluded
that an increase of light might now be of.great use, and. viewed
the asteroid with a fine 10-feet mirror of 24 inches diameter;
but found that nothing was gained by the change. The tem-
perature indeed of these large mirrors is very seldom the
same as that of the air in which they are to act, and till a
perfect uniformity takes place, no high powers can be used.
. The asteroid in the meridian, and the night beautiful. After
many repeated comparisons of equal-stars with the asteroid, I
think it shows more of a disk than they do, but it is so small
that it cannot amount to so much as g-tenths of a second, or at
least to no more. '

It is accompanied with rather more nebulosity than stars of
tne same size.
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The night is so clear, that I cannot suppose vision at this

altitude to be less perfect on the stars, than it is on day objects
at the distance of 800 feet in a direction almost horizontal.
- Qct. 11. By comparing the asteroid alternately and often with
equal stars, its disk, if it be a real orle, cannot exceed 2, or at
most g-tenths of a second. This estimation is founded on the
comparative readiness with which every fine day I have seen
globules subtending ‘such angles in the same telescope, and
with the same magnifying power. S :
. « The asteroid is in the meridian, and in high perfection. [
« perceive a well defined disk that may amount to ¢ or g-tenths
“ of a second ; but an equal star shows exactly the same ap-
¢ pearance, and has a disk as well defined -and as large as that
“ of the asteroid.”

RESULT AND APPLICA1ION OF THE EXPERIMENTS AND
OBSERVATIONS.

We may now proceed to draw a few very useful conclusions
from the experiments that have been given, and apply them
to the observations of the star discovered by Mr. HARpING ;
and also to the similar stars of Mr. Piazz1 and Dr. OLBERs.
These kind of corollaries may be expressed as follows.:

(1.) A 10-feet reflector will show the spurious or real disks,
of celestial and terrestrial objects, when their diameter is 4 of
a second of a degree; and when every circumstance is fa-
vourable, such a diameter may be perceived so distinctly, that
it can be divided by estimation into two or three parts.

(2.) A disk of % of a second in diameter, whether spurious .
or real, in order to be seen as a round, well defined body,
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requires a distinct magnifying power of 5 or 6 hundred, and
must be sufficiently bright to bear that power.

(8.) Areal disk of half a second in diameter will become
so much larger by the application of a magnifying power of 5
or 6 hundred, that it will be easily distinguished from an equal
spurious one, the latter not being affected by power in the
.same proportion as the former.

(4-) The different effects of the inside and outside rays
of a mirror, with regard to.the appearance of a disk, are a
criterion that will show whether it is real or spurious, provided
its diameter is more than } of a second.

(5-) When disks, either spurious or real, are less than { of
a second in diameter, they cannot be distinguished from each
other ; because the magnifying power will not be sufficient to
make them appear round and well defined.

(6.) The same kind of experiments are applicable to tele-
scopes of different sorts and sizes, but will give a different
result for the quantity which has been stated at { of a second
of a degree. This will be more when the instrument is less
perfect, and less when it is more so. It will also differ even
with the same instrument, according to the clearness of the
air, the. condition, and adjustment of the mirrors, and the
practical habits of the observer.

With regard to Mr. HArRDING’s new starry celestial body,
we have shown, by observation, that it resembles, in every
respect, the two other lately discovered ones of Mr. Piazzy
and Dr. OrBeRs ; so that Ceres, Pallas, and Juno, are certainly
three individuals of the same species.
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That they are beyond comparison smaller than any of the
seven planets cannot be questioned, when a telescope that will
show a diameter of £ of a second of a degree, leaves it unde-
cided whether the disk we perceive is a real or a spurious
one. . : '
A distinct magnifying power, of more than 5 or 6 hiindred,
has been applied to Ceres, Pallas, and Juno, but has either left
us in the dark, or at least has not fully removed every doubt
upon this subject. ;

The criterion of the apertures of the mirror, on account of
the smallness of these objects, has been as little successful ;
and every method we have tried has ended in proving their
resemblance to small stars. ‘

It will appear, that when I used the name asteroid to denote
the condition of Ceres and Pallas, the definition I then gave of
this term* will equally express the nature of Juno, which, by
its similar situation between Mars and Jupiter, as well as by
the smallness of its disk, added to the considerable inclination
and excentricity of its orbit, departs from the general condi-
tion of planets. The propriety therefore of using the same
appellation for the lately discovered celestial body cannot be
doubted.

Had Juno presented us with a link of a chain, uniting it to
those great bodies, whose rank in the solar system I have also
defined,f by some approximation of a motion in the zodiac,
or by a magnitude not very different from a planetary one, it
might have been an inducement for us to suspend’ our judg-

® See Phil. Trans. for 1802, p. 229, line 10.
+ Ibid. page 224, line 3 of the same Paper..
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ment with respect to a classification '; but the specific difference
between planets and asteroids appears now by the addition of
a third individual of the latter species to' be more fully esta-

. blished, and that circumstance, in my opinion, has added more

to the ornament of our system than the discovery of another
planet could have done. - -

Slough, néar Windsor,‘
Dec. 1, 1804.
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L. . An Essay on the Cohesion of Fluids. By Thomas Young,
M. D. For. Sec. R.S.

Read December 20, 1804,

1. General Principles.

I has already been asserted, by Mr. MoNGE and others, that
the phenomena of capillary tubes are referable to the cohesive
attraction of the superficial particles only of the fluids em-
ployed, and that the surfaces must consequently be formed
into curves of the nature of linteariae, which are supposed to be
the results of a uniform tension of a surface, resisting the
pressure of a fluid, either uniform, or varying according to a
given law. SEGNER, who appears to have been the first that
maintained a similar opinion, has shown in what manner the
principle may be deduced from the doctrine of attraction, but
his demonstration is complicated, and not perfectly satisfactory ;
and in applying the law to the forms of drops, he has neglected
to consider the very material effects of the double curvature,
which is evidently the cause of the want of a perfect coinci-
dence of some of his experiments with his theory. Since the
time of SEGNER, little has been done in investigating accurately
and in detail the various consequences of the principle.

It will perhaps be most agreeable to the experimental phi-
losopher, although less consistent with the strict course of
logical argument, to proceed in the first place to the comparison

MDCCCV, K
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of this theory with the phenomena, and to inquire afterwards
for its foundation in the ultimate properties of matter. But it is,
necessary to premise one observation, which appears to be
new, and which is equally consistent with theory and with
experiment ; that is, that for each combination of a solid and a
fluid, there is an appropriate angle of contact between the
surfaces of the fluid, exposed to the air, and to the solid. This
angle, for glass and water, and in all cases where a solid is
perfectly wetted by a fluid, is evanescent: for glass and mer-
cury, it is about 140°, in common temperatures, and when the
mercury is moderately clean. '

II. Form of the Surface of a Fluid.

It is well known, and it results immediately from the com-
position of forces, that where a line is equably distended, the
force that it exerts, in a direction perpendicular to its own, is
directly as its curvature ; and the same is true of a surface of
simple curvature; but where the curvature is double, each
curvature has its appropriate effect, and the joint force must be
as the sum of the curvatures in any two perpendicular direc-
tions. For this sum is equal, whatever pair of perpendicular
directions may be employed, as is easily shown by calculating
the versed sines of two equal arcs taken at right angles in the
surface. Now when the surface of a fluid is convex externally,
its tension is produced by the pressure of the particles of the
fluid within it, arising from their own weight, or from that of
the surrounding fluid ; but when the surface is concave, the
tension is employed in counteracting the pressure of the at-
mosphere, or, where the atmosphere is excluded, the equivalent
pressure arising from the weight of the particles suspended
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from it by means of their cohesion, in the same manner as,
when water is supported by the atmospheric pressure in an
inverted vessel, the outside of the vessel sustains a hydrostatic
pressure proportionate to the height; and this pressure must
remain unaltered, when the water, having been sufficiently
boiled, is made to retain its situation for a certain time by its
cohesion only, in an exhausted receiver. When, therefore, the
surface of the fluid is terminated by two right lines, and has
only a simple curvature, the curvature must be every where
as the ordinate ; and where it has a double curvature, the sum
of the curvatures in the different directions must be as the
ordinate. In the first case, the curve may be constructed by
approximation, if we divide the height at which it is either
horizontal or vertical into a number of small portions,' and
taking the radius of each portion proportional to the reciprocal
of the height of its middle point above or below the general
surface of the fluid, go on to add portions of circles joining
‘each other, until they have completed as much of the curve as
is required. In the second case, it is only necessary to consider
the curve derived from a circular basis, which is a solid of
revolution; and the centre of that circle of curvature, which is
perpendicular to the section formed by a plane passing through
the axis, is in the axis itself, consequently in the point where
the normal of the curve intersects the axis: we must therefore
here make the sum of this curvature, and that of the generating
curve, always proportional to the ordinate. This may be done
mechanically, by beginning at the vertex, where the two cur-
vattres are equal, then, for each succeeding portion, finding
the radius of curvature by deducting the proper reciprocal of
the normal, at the beginning of the portion, from the ordinate,
Ke
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and taking the reciprocal of the remainder. In this case the
analysis leads to fluxional equations of the second order, which
appear to afford no solution by means hitherto discovered ;

but the cases of simple curvature may be more easily subjected
to calculation. ;

III. Analysis of the simplest Forms.

Supposing the curve to be described with an equable angular
velocity, its fluxion, being directly as the radius of curvature,
will be inversely as the ordinate, and the rectangle contained
by the ordinate and the fluxion of the curve will be a constant
quantity ; but this rectangle is to the fluxion of the. area, as
the radius to the cosine of the angle formed by the curve with
the horizon ; and the fluxion of the area varying as the cosine,
the area itself will vary as the sine of this angle, and will be
equal to the rectangle contained by the initial ordinate, and the
sine corresponding to each point of the curve in the initial circle
of curvature. Hence it follows, first, that the whole area in-
cluded by the ordinates where the curve is vertical ard where it is
horizontal, is equal to the rectangle contained by the ordinate and
the radius of curvature; and, secondly, that the area on the
convex side of the curve, between the vertical tangent and the
least ordinate, is equal to the whole area on the concave side
of the curve between the same tangent and the greatest
ordinate.

In order to find the ordinate corresponding to a given
angular direction, we must consider that the fluxion of the
ordinate at the vertical part, is equal to the fluxion of the circle
of curvature there, that, in other places, it varies as the radius
of curvature and the sine of the angle formed with the horizon
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conjointly, or as the ordinate inversely, and directly as the
sine of elevation ; therefore the fluxion of the ordinate multi-
plied by the ordinate is equal to the fluxion of any circle of
curvature multiplied by its corresponding height, and by the
sine, and divided by the radius: but the fluxion of the circle
multiplied by the sine and divided by the radius, is equal to
the fluxion of the versed sine; therefore the ordinate multi-
plied by its fluxion is equal to the initial height multiplied by
the fluxion of the versed sine.in the corresponding circle of
curvature ; and the square of .the ordinate is equal to the rectangle
contained by the initial height and twice the versed sine, increased by
a constant quantity. Now at the highest point of the curve, the
versed sine becomes equal to the diameter, and the square of
the initial height to the rectangle contained by the initial height
and twice the diameter, with the constant quantity : the con-
stant quantity is therefore equal to the rectangle contained by
the initial height and its difference from twice the diameter:
this constant quantity is the square of the least ordinate, and- the
erdinate is every where a mean proportional between the greatest
height and the same height diminished by twice the versed sine of the
angular depression in the corresponding circle of curvature. Again,
at the vertical point, the square of the ordinate is equal to the square
of the greatest height diminished by the rectangle contained by this
height and the diameter of the corresponding circle of curvature, a
rectangle which is constant for every fluid, and which may be
called the appropriate rectangle : deducting this rectangle from the
square of the ordinate at the vertical point, we have the least ordinate ;
which consequently vanishes when the square of the ordinate at
the vertical point is equal to the appropriate rectangle; the horizontal
surface becoming in this case an asymptote to the curve, and the
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square of the greatest ordinate being equal to twice the appropriate
rectangle, and the greatest ordinate to twice the diameter of the cor-
responding circle of curvature : so that, if we suppose a circle to be
described, having this ordinate for a diameter, the chord of the
angular elevation in this circle will be always equal to the ordinate
at each point, and the ordinate will vary as the sine of half the angle
of elevation, whenever the curve has an asymptote. Mr. Fuss has
demonstrated, in the third volume of the .4cta Petropolitana,
some properties of the arch of equilibrium under the pressure
of a fluid, which is the same as one species of the curves
here considered. The series given by EuLEr in the second
part of the same volume, for the elastic curve, may also be
applied to these curves. |

IV. Application to the Elevation of particular Fluids,

The simplest phenomena, which afford us data for deter-
mining the fundamental properties of the superficial cohesion
of fluids, are their elevation and depression between plates and
in capillary tubes, and their adhesion to the surfaces of solids
which are raised in a horizontal situation to a certain height
above the general surfacé of the fluids. When the distance of
a pair of plates, or the diameter of a tube, is very minute, the
curvature may be considered as uniform, and the appropriate
rectangle may readily be deduced from the elevation, recol-
lecting that the curvature in a capillary tube is double, and the
height therefore twice as great as between two plates. In the
case of the elevation of a fluid in contact with a horizontal
surface, the ordinate may be determined from the weight
required to produce a separation; and the appropriate rectangle
may be found in this manner also, the angle of contact being
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properly considered, in this as well as in the former case. It
will appear that these experiments by no means exhibit an
immediate measure of the mutual attraction of the solid and
fluid, as some authors have supposed. .-

Sir Isaac NEWTON asserts, in his Queries, that water ascends
between two plates of glass at the distance of one hundredth
of an inch, to the height of about one in¢ch ; the product of the
distance and the height being about .01 ; but this appears to
be much too little. In the best experiment of MUssSCHENBROEK,

-with a tube, half of the product was .0196; in several of
WEITBRECHT, apparently very accurate, .0214. In MoNGE’s
experiments on plates, the product was 2.6 or 2.7 lines,
about .0210. Mr. ATwooD says that for tubes, the product is
0580, half of which is .0265. Until more accurate experiments
* shall have been made, we may be contented to assume .02 for
the rectangle appropriate to water, and .04 for the product of
the height in a tube by its bore. Hence, when the curve be~
comes infinite, is greatest ordinate is .¢, and the height of the
vertical portion, or the height of ascent against a single ver-
tical plane .14, or nearly ane-seventh of an inch.

Now when a horizontal surface is raised from a vessel of
water, the surface of the water is formed into a lintearia to
which the solid is a tangent at its highest point, and if the
solid be still further raised, the water will separate: the sur-
face of the water, being horizontal at the point of contact,.
cannot add to the weight tending to depress the solid, which
is therefore simply the hydrostatic pressure of a column of
water equal in height to the elevation, in this case one-fifth of

‘an inch, and standing on the given surface. The weight
of such a column will be 50% grains for each square inch; and.
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h Tavror’s well known experiment the weight required was
$0 grains, But when the solid employed is small, the curva~
ture of the horizontal seetion of the water, which is convex
externally, will tend to counteract the vertical curvature, and
to diminish the height of separation; thus if a disc of an inch
in diameter were employed; the curvature in this direction
would - perhaps be equivalent to the pressure of-about one-
hundredth of an inch, and might reduce the height from .2 to
about .19, and the weight in the same proportion. i There is
however as great. a diversity in the results of different experi-
ments on the force required to elevate a solid from the surface
of a fluid; as in thase of the experiments in capillary tubes:
and indeed the sources of error appear to be -here more
numerous. Mr. Acuarp found that a disc of glass, 1% inch
Frenchin diameter, required, at 69° of FAHRENHEIT, a weight of
91 French grains to raise it from the surface of water; this is
only 37 English grains for each square irich ; at 442° the force
was 4 greater, or 89} grains; the difference being i for
each degree of Fanrenueir. 1€ might be inferred from these
experiments, -that the height of ascent'in-a tube of a given
bore, which varies in the duplicate ratio of the height of ad-
hesion, is diminished about ;£ for every degree of FAHRENHEIT
that the temperaturé is raised above 50'; there was however
probably some conslderable source of error in AcHARD’s ex-
periments, for I find that this diminution does not exceed To55"
The experiments of Mr. Dutour make the quantity of water
raised equal to 44.1 grains for each square inch. Mr. ACHARD
found the force of adhesion of sulfuric acid to glass, at 69° of
FAHRENHEIT, 1.26, that of water being 1, hence the height
gvas as .69 to 1, and its square as .47 to 1, which is the
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,correspondihg propartion for the ascent. of.the acid.in 2 capil-
.lary tnhie, and which does not. very. matexially differ from the
Jproportion of .gg5.to 4,.assigherd by BarRuEL for this, ascent.
sMusscrENGROEK . found it 8 to .1,-but his.acid- was_probaply
«wepk. For.alcohol the adhesion .was as 59g,.the-height as
715,.and its square.as .510: .the pbserved proportion in a tibe,
According to .an .experiment of MussCHENBBOEK,.WAS .about
“ 559, according 1aCARRE’ from 4p0.t0 ,440. Lhe experiments
.on.snlfuric_ethier.do.pot .agree quite so well, but its guality,is
liable .to very :considerable variations.' iDuTour found _the
adhesion of alcohol .58, that of water being 1.
With respect, to mercury, it has heen shown by Erofessqr
.Casgoss of Metz, apd hy others,,that its depression in tubes
of glass depends on. the.imperfection of the. contact, and that
when it hascheen boiled in the tube often enough; to-expel all
fareign particles, the surface may even begame congave insgead
of convex, and the dgpression be converted.into an elevation.
Bat in barometers, canstructed accordingutqthe usugl methods,
the. angle of.the mercury will. be. found to differ.little fram
140°; and in other experiments, when prqper pracantions.are
taken, the inclination .will be neayly the same. The determi-
nation of this angle is necessary:for finding the appropriate
rectangle for the curvature of the surface of mercury, together
with the observations ef the quantity of-depression in tubes of
"a given diameter. The table published by Mr. CavEnpisH from
the experiments ef his-father, Lord CuARLEs CAVENDISH, ap-
pears to be best suited for this purpose. I have constructed a
diagram, according to the principles already laid down,:for
each case, and I find that-the rectangle which agrees best with
the phenomena is .01. ‘The mean depression is always -.015,
MDCCCV. L
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divided by the diameter of the tube: and in tubes less than
“half an inch in diameter, the curve is very nearly elliptic, and
- the central depression in the tube of a barometer may be found
by deducting from the corresponding mean depression the
- square root of one-thousandth part of ‘its.diameter. There is
reason - to suspect a slight inaccuracy towards the middle of
-Lord CHARLEs CAVENDIsH’s Table, from a comparison with the
calculated mean depression, as well as from the results of the
- mechanical construction, The ellipsis approaching nearest to
the curve may be determined by the solution of a biquadratic
equation. '

Diameter Grains in Mean depres- Central depres- bentral de- Central de-  Marginal de-
in inches.  aninch. sion by cal-  sion by ob- i l{y P !{)’ sreuion by
' ] culation.Y.  servation.C.  formula.Y, diagram.Y.,  diagram. Y.

.6 972 .025 .005 (.001) .005 .066
5 675 .080 .00% .008 .007 . .067
4 482 .087 015 017 .012 .069
- .85 83t 043 025  .024 017 o072
.80 249 .050 .086 033 .02%7 .079
25 169 .06o .050 . " .044 =  .038 086

.20 108 075 o067 .. . 061 . ".056 096
a5 61 . .100 . .0g2.: . .088. 085 .116
.10 87 .150 .140 140 .140 .161

The square root of the rectangle .01, or .1, is the ordinate
where the curve would become vertical if it were continued ;
but in order to find the height at which it adheres to a vertical
surface, we must diminish this ordinate in the proportion of the
sine of 25° to the sine of 4,5°, and it will become .06, for the actual
depression in this case. The elevation of the mercury that
adheres to the lower horizontal surface of a piece of glass, and
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the thickness at which a quantity of mercury will stand when
spread out on glass, supposing the angle of contact still 140°,
are found, by taking the proportion of the sines of 20° and of
»0° to the sine of 45°, and are therefore .0484 and .1830
respectively. If, instead of glass, we employed any surface
capable of being wetted by mercury, the height of elevation
would be .141, and this is the limit of the thickness of a wide
surface of mercury supported by a substance wholly incapable
of attracting it. Now the hydrostatic pressure of a column of
mercury .0484, in thickness on a disc of one inch diameter
would be 131 grains; to this the surrounding elevation of the
floid will- add about 11-grains for each inch of the circum-
ference, with some deduction for the effect of the contrary
curvature of the horizontal section, tending to diminish the
height; and the apparent cohesion thus exhibited will be
about 160 grains, which is a little more than four times as great
as the apparent cohesion of glass and water. With a disc 11
lines in diameter Mr. Dutour found it 194 French grains,
which is equivalent to 152 English grains, instead of 160, for
an inch, a result which is sufficient to confirm the principles of
the calculation. The depth of a quantity of mercury standing
on glass I have found by actual observation,-to agree precisely
with this calculation. SEGNER says that the depth was .1358,
both on glass and on paper: the difference is very trifling, but
this measure is somewhat too great for glass, and too small
for paper, since it appears from DuTouR’s experiments, that
the attraction of paper to mercury is extremely weak.

If a disc of a substance capable of being wetted by mercury,
an inch in diameter, were raised from its surface in a position
perfectly horizontal, the apparent cohesion should be 381

Ls '
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grains, taking: .141 as the height: and for a French circular
inth, 43g grains, or 528 French'grains. Now, in the experi-
ments of MorvEAuU, the cohesion of a circular inch of gold to
the surface of mercury appeared to be 446 grains, of silver
429, of tin' 418, of lead gg7, of bismuth g72, of zinc 204, of
topper 142, of metallic antimony 126, of iroh 115, of cobalt
8: dnd this order is the same with that in which the meétaly
areé most éasily amdlgamadted Wwith mercury. It is probable
that suth 4n' amalpaihation dctudlly took place in some of
thé éxperitiénts, and affected’ their results, for the process
of dmdlgatnatioi may often be observed to begin dlitiost
at the instant of contact of silver with mercuty; anid the
want of perféct horizoritality appears in a slight degree to
have affected theiii all. A deviatioh of one-fiftieth of an inch
would be sufficient 6 have produced the differencs between
446 graing and 28 ; and it is not impossible that all the dif:
ferénces, as far down a$ bismuth, may have béen accidental.
But if we suppose thé gold only to have Been perfectly wetted
by the | mercury, and all the other numbers to be in due pro-
portions, we may find the appfopriate angle for each substance
by dedicting from 180* twice the angle of which the sne is
to the radiirs 43 the apparent cohesion of &itch o 446 grdins ;
that is, for gold -1, for ‘§ilvér about g7, for & -9, ¥or Mad
93, 15k bismith B, foF zirfc 48, for copper-. g, To¥ arttmony
Hy, for Hdh ¥6, arid for dobalt .oe, Tieglecting the sub-
Yotnding elévation, Which has less éffect in proportion a5 the
surface etripléyed fs Tdrger. "GrLLERT founid the dejpesdion of
rhefiéd Tead in a ‘tibe of glass fifultipied by ¢he bore ‘Bhal to
dbotit .bosl. .

Tt Would pevhafs Be Possible to puisue these piiriciples 80
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far as to determine in many cases the circumstances under
which a drop of any fluid would detach itself from a given
surface. But it is sufficient to infer, from the law of the super-
ficial cohesion of fluids, that the linear dimensions of similar
drops depending from a horizontal surface must vary pre-
¢isely in the:same ratio as the heights of ascent of the respec-
tive fluids against a vertical surface, or as the square root of
the heights of ascent in a given tube: hence the magnitudes
of similar drops of different fluids must vary as the cubes of
the square roots of the heights of ascent in a tube. I have
measured the heights of ascent of water and of diluted spirit
of wine in the same tube, and I found them nearly as 100 to 64:
a drop of water falling from a large sphere of glass weighed
1.8 grains, a drop of the spirit of wine about .85, instead of
Be, which is nearly the weight that would be inferred from
the consideration of the heights of ascent, combined with that
of the specific gravities. We may form a conjecture respeeting
the probable magnitude of a drop by inquiring what must be
the circumference of the fluid, that would support by its
cohesion the weight of a hemisphere depending from it: this
must be the sarne as that of a tube, in which the fluid would
vise to the height of -ene-third of its diameter ; and the square
of the diameter must be three times as great as the appropriate
preduct; or, for water .12; whenoe the diameter would be
45, or-a ltle more than. one-third of an inch, and the weight
-of the hemisphere would be 2.8 grams. If more water were
added mtermally, the cohesion would be overcome, and the
drep weuld no longer be suspended, but it is not easy to.cal-
-culate ‘what precise quantity of water would be separated with
it. The form of a bubble of air rising .in water is determined
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by the cohesion of the internal surface of the water exactly in
the same manner as the form of a drop of water in the air.
The delay of a bubble of air at the bottom of a vessel appears
to be occasioned by a deficiency of the pressure of the water
between the air and the vessel; it is nearly analogous to the -
experiment of making a piece of wood remain immersed in
water, when perfectly in contact with the bottom of the vessel
containing it. This experiment succeeds however far more
treadily with mercury, since the capillary cohesion, of the mer-
cury prevents its insinuating itself under the wood.

V. Of apparent Attractions and Repulsions. |

The apparent attraction of two -floating bodies, round both
of which the fluid is raised by cohesive attraction, is produced
by the excess of the atmospheric pressure on the remote sides
of the solids above its pressure on their neighbouring sides:
or, if the experiments are performed in a vacuum, by the equj-
valent hydrostatic pressure or suction derived from the weight
and immediate cohesion of the intervening fluid. This force
varies ultimately in the inverse ratio of the square of the dis-
tance ; for, if two plates approach each other, the height of
the fluid that rises between them is increased in the simple
inverse ratio of the distance ; and the mean. action, or negative
pressure, of the fluid on each particle of the surface is also
‘increased in the same ratio. When the floating bodies are both
surrounded by a depression, the same law prevails, and its
-demonstration is still more simple and obvious. The repulsion
of a wet and a dry body does not appear to follow the same
proportion: for it by no means approaches to infinity upop
.the supposition of perfect contact ; its maximum is measured
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by half the sum of the elevation and depression on the remote
sides of the substances, and as the distance increases, this
maximum is only diminished by a quantity, which is initially
as the square of the distance. The figures of the solids con-
cerned modify also sometimes the law of attraction, so that,
for bodies surrounded by a depression, there is sometimes a
maximum, beyond which the force again diminishes: and it is
hence that a light body floating on mercury, in a vessel little
larger than itself, is held in a stable equilibrium without
touching the sides. The reason of this will become apparent,
when we examine the direction of the surface necessarily
assumed by the mercury in order to preserve the appropriate
angle of contact, the tension acting with less force when the
surface attaches itself to the angular termination of the float
in a direction less horizontal.

The apparent attraction produced between solids by the
interposition of a fluid does not depend on their being partially
immersed in it; on the contrary, its effects are still more power-
fully exhibited in other situations; and, when the cohesion
between two solids is increased and extended by the interven-
tion of a drop of water or of oil, the superficial cohesion of
these fluids is fully sufficient to explain the additional effect.
When wholly immersed in water, the cohesion between two
pieces of glass is little or not at all greater than when dry:
but if a small portion only of a fluid be interposed, the curved
surface, that it exposes to the air, will evidently be capable of
resisting as great a force as it would support from the pressure

.of the column of fluid that it is capable of sustaining in a ver-
“tical situation ; and in order to apply this force, we must employ

in the separation of the plates, as great a force as is equivalent
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'to ‘the pressuve ‘of & ‘eolumn .appropriate to -their . distinoe
'‘MorvEau found :that two discs of glass, .g inehes jFrench-in
diameter, at the distance ‘of ene-tenth of .a line, appeared ito
‘¢ohere with:aiforce of 4719 grains, which is equivalent -to, the
pressure of a’column 2g lines in height : :hence the prdduet-of
the height and. the distance of the plates is 2.8 lines,-instead: df
«9.65, which was :the result of MoONGE’s experiments -on the
‘actual ascent of water. The difference is much amaller-thah
the difference .of ‘the .various :experiments on the .ascent of
fluids ; -and it may easily have arisen from -a- want of perfect
parallelism in .the plates; for there is no force tending to
‘preserve this.parallelism. The error, in the extreme case of
the plates coming into contact at one.point, may reduce-the
apparent cohesion to one half.

The same theory is sufficient to explain the law of the force
‘by which-a-drop is attracted towards the junction of two plates
. fnclined toeach other, and which is.found to vary in the:inyerse
ratio of the square.of the distance ; ‘whence it was:inferred by
NewroN ‘that the primitive force of cohesion varies in the
simple inverse ratio of the distance, while other experiments
lead us to suppose that cohesive forces in general vary in the
direct ratio of the.distance. But the difficulty is. removed hy
-considering the state of the marginal surface of the drep. If
the plates were parallel, the capillary action would be equal
-on"both sides of the drop: but when they are inclined, the
curvature of the surface at the thinnest part requires- a force
‘proportionate to the appropriate height to' counteract it ; and
this force is greater than that which acts on the opposite side.
"But if the two plates are inclined to the horizon, the. deficiency
-may be made up by the hydrostatic weight of the.drop itself;
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and the same inclination will serve for a larger or a smaller
drop at the same place. Now when the drop approaches to
the line of contact, the difference of the appropriate heights for
a small drop of a given diameter will increase as the square of
the distance decreases ; for- the fluxion of the reciprocal 6f any
quantity varies mversely as the squaré of that quantity : and,

in order to preserve the equilibrium, the sine of the angle of
elevation of the two plates must be neadrly-in the inverse ratio
of the square of the distance of the drop from the line of
contact, as it actually appears to have been in HAUKSBEE’S
expenments. S '

. V1. Physical Foundatwn qf the La‘w qf supeq‘iaal Cobheston.

We have now examined the principal phenomena which are
reducible to the simple theory of the action of the superficial
particles of ‘a'fluid. We are next to investigate the natural
foundations upon which that theory appears ultimately to rest.
We may suppose the particles of liquids, and probably those
of solids also, to possess that power of repulsion, which has
been demonstratively shown by NEwTON to exist in aeriform
fluids; and which varies ih the simple inverse ratio of the
distance of the patticles from each other. In airs and vapours
this force appears to act uncontrolled ; but in liquids, it is over-
come by cohesive force, while the particles still retain a power
of moving freely ‘in .all directions; and in solids the same
cohesion is accompanied by astronger or weaker resistance to
all lateral motion, which is perfectly independent of the co-
hesive force, and which must be cautiously distinguished from
it. Itis simplest to suppose the force of cohesion nearly or
perfectly constant in its magnitude, throughout the minute

MDCCCV, M
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distance to which it extends, and owing its apparent diversity
to. the contrary action' of the repulsive force, which varies
with the distance. Now in-the internal paxts of a liquid these
forces hold each other in a perfect equilibriumn, the partigles
being hrought so.near that the repulsion becomes precisely equal
to the cohesive foxce that wrges them together: but whenever
there is a curved or angulazf sugface, it may; be found by col-
lecting the.actions, of the diffarent particles, that the coliesion
muyst necessayily prevail over the repulsion, and: must urge the
superficial parts inwards with a foree praportionate to. the
curvature, and thus produce the effect of a uniforn tensian: of
the surface. For, if we consider the effect of any two particles
in a.curved line an- g third at an equal distance beyond them,
we shall find that the result of their- equak attractive fowvees
bisects the- angle, formed; by, the kines of dinection,; but that the
result of their repulsive forces, ong of whick is twice: as. gireat
as: the othes, divides it- in the resio; of ong- ta: twe, forming with
the. former. xesult ap apgle; egual to ane-sixth: of the whole ;:
sp- that the addition af 2 third: force is necessany in. order to
retain these two results i equilibrium.;. and thia: foncs: must be
in a constant- ratip.ta the evanescent angle whigh:is the mea-
spre of the Gurvajure, the -djstapce: of the- paticles: heing
constant; The. same reasoning mey, he applied-to all the par-
ticlgs. which are within the influence of; the- cohesiva force: and:
the cenclusions are equally: tne if: the cohesion is not; precieel
constans, bu varies less rapidly than the nepulsion,

VIL. Cahesive Attragtion of Solidk and Fiuids.

When, the attiagtion, of: the particles. of a fluid: for- a solid is
less than. theip attragtion, fow eachh othen, thene wilk be an
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equilibeiut of the superfidial forves, if the surface of the fluid
make with thit of the solid a certain angle, the versed sike of
which is 0 the diameter, ns the mutual attraction of the fluid
and solid particles is to ¢he attraction of the particles of the
fluid among each other. For, when the fluid is surrounded by
a vacuum or by a gas, the coliesion of its superficial particles
acts with full force in producing a pressure; but when it is
any where in contact with a solid substance of the same
attractive power with itself, the effects of this action must be as
much destroyed as if it were ah internal portion of the fhid.
Thus, if we imagined a cube of water to have one of its halves
congealed, without any other alteration of its properties, it is
evident that its form and the equilibrium of the cohesive forces
would remain undisturbed : the tendency of the new angular
strface of the fluid water to contract would therefore be com-
pletely destroyed by the contact of a solid of equal attractive
force. If the solid were of smaller attractive force, the ten-
-deéncy to contract woudd only be proportionate to the difference
of the attractive forces or densities, the effect of as many of
the attractive particles of the fluid being neutralised, as are
equivalent to a solid ‘of a Iike density or attractive power.
For a similar reason, the tendency of a fluid to contract the
sum of the surfaces of itself and a contiguous solid, will be
simply as the density of the solid, or as the mutual attractive
force of the solid and fluid. And it is mdifferent whether we
consider the pressure preduced by these supposed superficial
tensions, or the farve acting in the direction of the surfaces
to be compared. We may therefore inquire into the conditions
of equilibrium of the three forces acting on the angular par-
ticles, one in the direction of the surface of the fluid only, a
Me
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second in that of the caommon surface of the solid and fluid,
and the third in that of the exposed surface of the solid. Now,
supposing the angle of the fluid to be obtuse, the whole super-
ficial cohesion of the fluid being represented by the radius, the
part which acts in the direction of the surface of the solid will
be proportional to the cosine of the inclination ; and this force,
added to the force of the solid, will be equal to the force of the
common surface of the solid and fluid, or to the differences of
their forces ; consequently, the cosine added to twice the force
of the solid, will be equal to the whole force of the fluid, or to
the radius: hence the force of the solid is represented by half
the difference between the cosine and the radius, or by half the
versed sine; or, if the force of the fluid be represented by the
-diameter, the whole versed sine: will indicate the force of
-the solid. And the same result follows when the angle of the
fluid is acute. Hence we inay infer, that if the solid have half
-the attractive force of the. fluid, the surfaces will be perpendi-
cular ; and this.seems’in itself reasonable, since two rectangular
“edges of the solid are equally near to the angular particles
with one of the fluid," and we may expect a fluid to rise and
adhere to the surface of every-solid more than half as attractive
as itself; a conclusion which CLaIRAuUT has already inferred, in
a different manner, from principles which. he has but cursorily
investigated, in his treatise on the figure of the earth. .

The versed sine varies as the square of the sine of half the
angle: the force must therefore be as the square of the height
to which the fluid may be elevated in contact with a horizontal
surface, or nearly as the square of the number. of grains ex-
pressing the apparent cohesion. Thus, according to the expe-
riments of MoRVEAU, on the suppositions already premised,

%
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we may infer that the mutual attraction of the particles of
mercury being unity, that of mercury for gold will be .1 or
more, that of silver about .94, of tin .go, of lead .81, of bis-
muth .72, of zinc .21, of copper .10, of antimony .08, of iron
.07, and of cobalt .coo4. The attraction of glass for mercury
will be about one-sixth of the mutual attraction of the particles
of mercury: but when the contact is perfect, it appears to be
considerably greater.

Although the whole of this reasoning on the-attractlon of
solids is to be considered rather as an approximation than as a
strict demonstration, yet we are amply justified in concluding,
that all the phenomena of capillary action may be accurately
explained and mathematically demonstrated from the general
law of the equable tension of the surface of a fluid, together
with the consideration of the angle of contact appropriate to
-every combination of a fluid with a solid. Some anomalies,
noticed by MusscHENBROEK and others, respecting in particular
the effects of tubes of considerable lengths, have not been
considered :  but there is great reason to suppose that either
the want of uniformity in the bore, or some similar inaccuracy,
has been the cause of these irregularities, which have by no
means been sufficiently confirmed to afford an objection to any
theory. The principle, which has been laid down respecting
the contractile powers of the common surface of a solid and a
fluid, is confirmed by an observation which I have made on
the small drops of oil which form themselves on water. There
-is no doubt but that this cohesion is in some measure inde-
-pendent of the chemical affinities of the substances concerned:
tallow when solid has a very evident attraction for the water
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out of which it is raised ; and the same attraction must operate
upon an unctaous fluid to cause it to spread on water, the
fluidity of the water allowing this powerful agent to exert
itself with an unresisted velocity. An oil which has thus
been spread is afterwards oollected, by some irregularity of
attraction, inte thin drops, which the slightest agitation again
dissipates : their surface forms a very regular curve, which
terminates abruptly in a surface perfectly horizontal: now it
follows from the laws of hydrostatics, that the lower surface
of these drops must constitute a curve, of which the extreme
inclination to the horizon is to the inclination of the upper
surface as the specific gravity of the oil to the difference be-
tween its specific gravity and that of water: consequently
since the contractile forces are held in equilibrium by a force
which is perfectly horizontal, therr magnitude must be in the
ratio that has been already assigned ; and it may be assumed
as comsonant both to theory and to observation, that the con-
tractile force of the common surface of two substances, is
proportional, other things being equal, to the difference of
their densities. Hence, in order to explain the experiments
of Bovie on the effects of a combination of fluids in capillary
tubes, or any other experiments of a similar nature, we have
only to apply the law of an equable tension, of which the
magnitude is determined by the difference of the attractive
powers of the fluids.

I shall reserve some further illustrations of this subject for
a work which I have long been preparing for the press, and
which I flatter myself will contain a clear and simple expla-
nation of the most important parts of natural philesophy. 1
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have only thought it right, in the present Paper, to lay before
the Royal Society, in the shortest possible compass, the parti-
culars of an ariginal investigation, tending to explain some
facts and establish some analagies, which have hitherte been
obscure and unintelligible. : '
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IV. Concerning the State in which the true Sap of Trees is depo-
sited during Winter. In a Letter from Thomas Andrew
Knight, Esq. to the Right Hon. Sir Joseph Banks, Bart. K. B.
P.R.S.

Read January 24, 1805.

MY DEAR SIR,

It is well known that the fluid, generally called the Sap in
trees, ascends in the spring and summer from their roots,
and that in the autumn and winter it is not, in any considerable
quantity, found in them; and I have observed in a former
Paper, that this fluid rises wholly through the alburnum, or
sap-wood. But Du HaMmEL and subsequent naturalists have
proved, that trees contain another kind of sap, which they
have called the true, or peculiar juice, or sap of the plant.
Whence this fluid originates does not appear to have been
agreed by naturalists ; but I have offered some facts to prove
that it is generated by the leaf;* and that it differs from the
common aqueous sap owing to changes it has undergone in its
circulation through that organ : and I have contended that from
this fluid (which Duv HaMmEeL has called the suc propre, and
which I will call the true sap,) the whole substance, which is
annually added to the tree, is derived. I shall endeavour in
the present Paper to prove that this fluid, in an inspissated
state, or some concrete matter deposited by it, exists during

® See Phil, Trans. of 1801, page 336.
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the winter in the alburnum, and that from this fluid, or sub-
stance, dissplved in the ascending aqueaus sap, is derived the
matter which enters into the camposition of the new leaves in
the spring, and thus furnishes those organs, which were not
wanted during the winter, but which are essential to the
further progress of vegetation.

Few persons at 3ll conversant with timber are ignorant, that
the alburnum, or sap-wood of trees, which are felled in the
autumn or winter, is much superior in quality to that of other
trees of the same species, which are suffered to stand till the
spring, or summer: it is at once more firm and tenacious in
its texture, and more durable. This superiority in winter-
felled wood has been generally attributed to the absence of the
sap at that season; but the appearance and qualities of the
wood seem more justly to warrant the conclusion, that some
spbstance has been added to, instead of taken from it, and
many circumstances induced me to suspect that this substance
is generated, and deposited within it, in the preceding summey
and autumn.

Dy HamgL has remarked, and is evidently puzzled with the
¢ircumstance, that trees parspire more in the month of August,
when the leaves are full gyown, and when the annual shoots
have peased to elongate, than at any earlier period; and we
cannot suppose the powers of vegetation to be thus actively
emplayed, but in the exgcution of some very important operg-
ration, Bulbous and tuberous roots are almost whally generated
after the leaves and stems of the plants, to which they belong,
haye attained their full growth; and I have constantly found,
in my practice as a farmer, that the produce of my meadows hag
heen immensely increased when the herbage of the preceding

MDCCCV, N :
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year had remained to perform its proper ofﬁcé till the end of
the autumn, on ground which had been mowed eafly in the
summer. Whence I have been led to imagine, that the leaves,
both of trees and herbaceous plants, are alike employed , during
the latter part of the summer, in the preparation of matter
calculated to afford food to the expanding buds and blossoms
of the: succeedmg spring, and to enter into the composmon of
new organs of assimilation.

If the preceding hypothesis be well founded, we may expect
to find that some change will gradually take place in the
qualities of the aqueous sap of trees during its ascent in the
spring ; and that any given portion of winter-felled wood ‘will
at the same time possess a greater degree of specific gravity,
and yield a larger quantity of extractive matter, than the same
quantity of wood which has been felled in the spring or in the
early part of the summer. To ascertain these points I made
the experiments, an account of which I have now the honour
to lay before you.

As early in the last spring as the sap had risen in the syca-
camore and birch, I made incisions into the trunks of those
trees, some close to the ground, and others at the elevation of
seven feet, and I readily obtained from each incision as much
sap as | wanted. Ascertaining the specific gravity of the sap
of each tree, obtained at the different elevations, I found that
of the sap of the sycamore with very little variation, in dif-
ferent trees, to be 1.004 when extracted close to the ground,
and 1.008 at the height of seven feet. The sap of the birch
‘was somewhat lighter ; but the increase of its spec:ﬁc gravity,
at greater elevation, was comparatively the same.  When ex-
tracted near the ground the sap of both kinds was almost free
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from taste; but when obtained at a greater height, it was
sensibly sweet. The shortness of the trunks of the sycamore
trees, which were the subjects of my experiments, did not
permit me to extract the sap at a greater elevation than seven
feet, except in one instance, and in that, at twelve feet from
the ground, I obtained a very sweet fluid, whosé specific gra-
vity was 1.012.

I conceived it probable, that if the sap in the preceding cases
derived any considerable portion of its increased specific gra-
vity from matter previously existing in the alburnum, I should
find some diminution of its weight, when it had continued to
flow some days from the same incision, because the alburnum in
the vicinity of that incision would, under such circumstances,
have become in some degree exhausted: and on comparing
the specific gravity of the sap which had flowed from a recent
and an old incision, I found that from the old to be reduced to
1.002, and that from the recent one to remain 1.004, as in the
preceding cases, the incision being made close to the ground.
Wherever extracted, whether close to the ground, or at some
distance from it, the sap always appeared to contain a large
portion of air. .

In the experiments to discover the variation in the specific

gravity of the alburnum of trees at different seasons, some

obstacles to the attainment of any very accurate results pre-

sented themselves. The wood of different trees of the same

species, and growing in the same soil, or that taken from

different parts of the same tree, possesses different degrees of

solidity ; and the weight of every part of the alburnum ap-

pears to increase with its age, the external layers being the

lightest. The solidity of wood varies also with the greater or
Ns
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Yess rapidity of its growth. These soutces of error might ap-
parently have been avoided by cutting off, 2t différent sexsons,
portions of th¢ same trunk or branch: but the woind thus
made might, in some degree, have impeded the due ‘progress
of 'the sap In its ascent, and fhe par't below might have been
mide heavier by the stagnation 'of the sap, and that above
lighter by privation of its proper quantity of nutriment. The
most eligible 'method therefore, which ‘occurred o mye, ‘was to
select and mark in the ‘winter -somé -of the poles of an eak
coppice, where all are of equal age, and where any, of the
same Size and ‘growing with equal vigour, spring from the
same 5tool. .‘One half of thepoles which I marked and num-
bered were cut on ‘the gist of December, 1803, and the
remainder on the 15th of the folowing May, when the léaves
‘vere mearly half grown. Proper marks were put to'distinguish
the winter-felled from the summer-felled poles, the bark being
1eft on all, and all being placed in the same situation to dry.
In the beginning of August I cut off mearly equal portions
from a winter and summer-felled pole, which had both grown
on the same stool; and both portiens were then put in a
situation, where, during the seven succeeding weeks, they
‘were kept very warm by a fire. The summer-felled wood was,
when put to dry, the most heavy; but it evidently contained
much more water than the other, and, partly at least, from
this cause, it contracted much more in drying. In the begin-
ning of October both kinds -appeared to be perfectly dry, and
I then ascertained the specific gravity of the winter-felled
wood to be 0.679, and that of the simmer-felled wood to be
0.609 ; after each had been immersed five minutes in ‘water.
This differerice of ten per cent. was censifterably miore than
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1 had rnticipated, and it was Hot ¥l § Hiall Wubperiiled and taken
Off from the balance each porfion, at least tén tines, that I
.ceased to bellieve that some error had occurred in ‘the experi-
inent : and indeed I was not at last safisfied till1 had aséertaimed
By 'meanis of compasses adapted to the measuremertt of solids,
that the winter-felled pieces of wood were much less than the
dthers which they €qualled in weight.

The pieces of wood, ‘which had been the subjects of these
éxpemnents were agzdin- put to ary, with other pieces of the
sathe po!es and I §ésterday ascertained the ‘specific gravity of
both wrth scarcely any variation in the Tesult. But when I
omitted ‘the m&u‘ﬂa, 4md parts adjaceftt to it, and used ‘the
!ayers of wood ‘which lad’beeti- more recently formed, I'found
the #pecific gravity of the vwﬁ‘ter—feTled wood to be only0.583,
and that of the summer-felled to be o. 538; and trying the
same ‘experiment with similar pieces ‘of wood, but taken from
poles which had grown on a different stool, the specific gravity
of the winter-felled wood was o. 588, and that of the sammer-
felled o.534.

It is evident that the whole of the preceding difference in
the specific gravity of the winter and summer-felled wood
might have arisen from a greater degree of contraction in the
former kind, whilst drying ; 1 -therefore proceeded to ascertain
whether any given pertion of it, by weight, would afford a
greater quantity of extractive matter, when steeped in water.
Having therefore reduced %o small fragments 1000 grains of
each kind, I poured on each pertion six ounces of boiling
water ; and at the end ‘of twenty-four hours, when the tem-
perature of the water had sunk to 60,1 found that the winter-
félled wood had communicated a much deeper colour to the
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water in which it had been mfused, and  had raised ‘its specific
gravity to 1.008. The specific gravity of the water in which
the summer-felled wood had, in the same manner, been infused
was 1.001. The wood in all the preceding cases was.taken
from the upper parts of the poles, about elght feet from the
ground

Having observed, in the precedmg experlments that the sap
of the sycamore became specifically lighter when it had con-
tinued to flow during several days from the same incision, I
concluded that the alburnum in the vicinity of such incision had
been deprived of a larger portion of its concrete or inspissated
sap than in other parts of the same tree: and I therefore sus-
pected that I should find. similar effects to have been ‘produced
by the young annual shoots and leaves; and that any given
‘weight of the albumum in their vicinity would be found to con~
tain less extractive matter than an equal portion taken from
the lower parts of the same. pole, where no annual shoots or
leaves had been produced, :

No information could in this case be derived from the dxﬁ-
ference in the specific gravity of the wood ; because the sub-
stance of every tree is most dense and solid in the lower parts
of its trunk : and I could on this account judge only from the
quantity of extractive matter which equal portions of the two
kinds of wood would afford. Having therefore reduced to
pieces several equal portions of wood taken from different
parts of the same poles, which had been felled in-May, I. poured
on each portion an equal quantity of boiling water, which.I
§ufféred.to remain twenty. hours, as in the preceding experi-
ments: and I then found that in some instances the wood from
the lower, and in others that from the upper parts of the poles,
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had given to the water the deepest colour and greatest degree
of specific gravity ; but that all had afforded much extractive
matter, though in every instance the quantity yielded was
much less than I had, in all cases, found in similar mfuswns of
winter-felled wood. : '

It appears, therefore, that the reservoir of matter deposited
in-the alburnum is not wholly exhausted in the succeeding
spring: and hence we are able to account for the several suc-
cessions of leaves and bitds which trees are capable of producing
when those prewously protruded have.been destroyed by
insects, or other ‘Causes; and for the extremely luxuriant
shoots, which often sprmg from the trunks of trees, whose
branches have been long in a state.of decay.

I have also some reasons 'to believe that the matter deposited
_in the alburnum remains unemployed in some cases during
several successive years: it does not appear probable that it
can be all employed by trees which, after having been trans-
planted, produce very few ‘leaves, or by those which produce
neither blossoms nor fruit. In making experiments in 180g,
to ascertain the manner in which the buds of trees are repro-
duced, I cut off in the winter all the branches of a: very largé
old pear-tree, at a small distance from the trunk:;' and I pared
off, at the same time, the whole of the lifeless external bark.
The age of this tree, I have good reasons to believe, somewhat
exceeded two centuries: its extremities were generally dead ;
and it afforded few leaves, and no fruit; and I had long ex-
pected every successive year to terminate its existence. After
being deprived of its external bark, and of all its buds, no
marks of vegetation appeared in the succeeding spring, or
early part of the summer: but in the beginning of July
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numerous buds penetrated through the bark in ¢very part,
many leaves of large size every where appeared, and in the
autumn every part was covered with very vigorows shoats
exceeding, in the aggregate, two feet in length. The mymbex
of leaves which, in this case, sprang at once from the trunk
and branches appeared to me greatly to exceed the wholg of
those, which the tree had born in the three preceding seasons ;
and I cannot believe that the matter which composed these
buds and leaves could have begn wholly prepared, by the faeble
vegetation and scanty foljage of the preceding year.

But whether the substance which is found in the alburnum
of winter-felled trees, and -which disappears in part in the
spring and early part af the summer, be generated in one or
in several preceding years, there seem to be strong groumds
of probability, that this substance enters into the composition
of the leaf: for we have abundant reason to believe that thig
organ is the principal agent of assimilation; and scarcely any
thing cap be more. contrary.ta every conclusion we should
draw from analogical reasoping and compayispn of the vegetablg
with the animal ecopomy, or in itself .more improbable, than
that the leaf, or any other organ, should singly prepare angd
assimilate immediately from the crude aqueoys sap, that matter
which composes itself. .

It has been contended * that the buds themselves contzip -
the nutriment necessary for the minute unfolding leaves : but
trees possess a power to reprodugce their buds, and the matter
neocessary to form these buds must evidently be derived from
some.other source : nor dags it appear probable that the young
leaves wexy soon enter on thisoffice: for the experiments of

® Trowmsan’s Chemistry,
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INGENHOUZ prove that their action on the air which surrounds
them is very essentially different from that of full grown
leaves. It is true that buds in many instances will vegetate,
and produce trees, when a very small portion only of albur-
num remains attached to them; but the first efforts of vege-
tation in such buds are much more feeble than in others to
which a larger quantity of alburnum is attached, and therefore
we have, in this case, no grounds to suppose that the leaves
derive their first nutriment from the crude sap.
" It is also generally admitted, from the experiments of
BonNET and Du HaMmEeL, which I have repeated with the same
result, that in the cotyledons of the seed is deposited a quantity
of nutriment for the bud, which every seed contains; and
though no vessels can be traced* which lead immediately
from the cotyledons to the bud or plumula, it is not difficult to
point.out a more circuitous passage, which is perfectly similar
to that through which I conceive the sap to be carried from the
leaves to the buds, in the subsequent growth of the tree; and
I am in possession of many facts to prove that seedling trees,’
in the first stage of their existence, depend entirely on' the
nutriment afforded by the cotyledons; and that they are
greatly injured, and in many instances killed, by being put to
vegetate in rich mould. , '
We have much more decisive evidence that bulbous and
tuberous ‘rooted plants contain the matter within themselves
which subsequently composes their leaves; for we see them
vegetate even in dry rooms, on the approach of spring; and
many bulbous rooted plants produce their leaves and flowers
with nearly the same vigour by the application of water only,

. * Hepwia,
MDCCCV, 0
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as they do when growing in the best mould. But the water in
this case, provided that #t be perfectly pure, probably affords
Jittle or no food to the plant, and acts only by dassolvmg the
mattcr prepared and deposited in the preceding year; and hence
the root becomes exhausted and spoiled : and HassensrarzTound
that the leaves and flowers and roots of such plants afforded no
more carbon than he had proved to exist in bulbous roots of the
same weight, whose leaves and flowers had never é)épa:hded.

As the leaves and flowers of the hyacinth, in the preceding
case, derived their matter from the bulb, it appéars extremely
probable that the blossoms of trees receive their nutriment from
the alburnum, particularly as the blossoms of many species
precede their leaves: and, as the roots of plants become weak-
ened and apparently exhausted, when they have afforded nutri-
ment to a crop of seed, we may suspect that a tree, which has
borne much fruit in one season, becomes in a similar way -
exhausted, and incapable of affording proper nutriment to a crop
_in the succeeding year. And I am much inclined to believe that
were the wood of a tree in this state accurately weighed, it
would be found specifically lighter than that of a similar tree,
which had not afforded nutriment to fruit or blossoms, in the
preceding year, or years.

If it be admitted that the substance which enters into the
composition of the first leaves in the spring is derived from
matter which has undergone some previous preparation within
the plant, (and I am at a loss to conceive on what grounds this
can be denied, in bulbous and tuberous rooted plants at least, )
it must also be admitted that the leaves which are generated in
the summer derive their substance from a similar source ; and
this cannot be conceded without a direct admission of the
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existence of vegetable circulation, which is denied by so many
eminent naturalists. I have not, however, found in their writings
a single fact to disprove its existenee, nor any great weight in
their arguments, except those drawn from two important errors
in the admirable works of HaLeEs and Du HamgL, which 1 have
noticed in a former memoir. I shall therefore proceed to point
out the channels, through which I conceive the circulating fluids
to pass. '

When a seed is deposited in the ground, or otherwise exposed
to a proper degree of heat and moisture, and exposure to air,
water is absorbed by the cotyledons and the young radicle or
root is emitted. At this period, and in every subsequent stage
of the growth of the root, it increases in length by the addition
of new parts to its apex, or point, and not by any general dis-
tension of its vessels and fibres ; and the experiments of BoNNET
and Du HaMEL leave little grounds of doubt, but that the new
matter which is added to the point of the root descends from the
cotyledons. The first motion therefore of the fluids in plants is
downwards, towards the point of the roet; and the vessels
which appear to carry them,. are of the same kind with those
which are subsequently found in the bark, where I have, on a
former occasion, endeavoured to prove that they execute the
same office.

In the last spring I examined almost every day the progressive
changes which take place in the radicle emitted by the horse ches-
nut: I found it, at its first existence, and until it was some weeks
old, to be incapable of absorbing coloured infusions, when its
point was taken off, and { was totally unable to discover any
alburnous tubes, through which the sap absorbed from the
ground, -in the subsequent growth of the tree, ascends: but

O¢2
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when the roots were considerably elongated, alburnous tubes
formed; and as soon as they had acquired some degree of
firmness in their consistence, they appeared to enter on their
office of carrying up the aqueous sap, and the leaves of the
plumula then, and not sooner, expanded. '

The leaf contains at least three kinds of tubes: the first is
what, in a former Paper, I have called the central vessel, through
which the aqueous sap appears to be carried, and through which
coloured infusions readily pass, from the alburnous tubes into
the leaf-stalk. These vessels are always accompanied by spiral
tubes, which do not appear to carry any liquid: but there is
another vessel which appears to take its origin from the leaf,
and which descends down the internal bark, and contains the
true or prepared sap. When the leaf has attained its proper
growth, it seems to perform precisely the office of the cotyledon;
but being exposed to the air, and without the same means to
acquire, or the substance to retain moisture, it is fed by the al-
burnous tubes and central vessels. The true sap now appears to
be discharged from the leaf, as it was previously from the cotyle-
don, into the vessels of the bark, and to be employed in the for-
mation of new alburnous tubes between the base of the leaf and
the root. From these alburnous tubes spring other central vessels
and spiral tubes, which enter into and possihly give existenee to,
other leaves; and thus by a repetition of the same process the
young tree or annual shoot continues to acquire new parts,
which-apparently are formed from the ascending aqueous sap-

But it has been proved by Du HaMEL that a fluid, similar to
that which is found in the true sap vessels of the bark, exists
also in the alburnum, and this fluid is extremely obvious in the
fig, and other trees, whose true sap is white, or coloured. The
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vessels, which contain this fluid in the alburnumi, are in contact
with those which carry up the aqueous sap; and it does not
appear probable that, in a body so porous as wood, fluids se
near each other should remain wholly.unmixed. I must there-
fore conclude ‘that when the true sap has been delivered from
the cotyledon or leaf into the returning, or true sap vessels of
the bark, one portion of it secretes through the external cellular,
* or more probably glandular substance of the bark, and gene-
rates a new epidermis, where that is to be formed; and that
the other portion of it secretes through the internal glandular
substance of the bark, where one part of it produces the new
layer of wood, and the remainder enters the pores of the wood.
already formed, and subsequently mingles with the ascending
aqueous sap; which thus becomes capable of affording the
matter necessary to form new buds and leaves.

It has been proved in the preceding experiments on the
ascending sap of the sycamore and birch, that that fluid does
not approach the buds and unfolding leaves in the spring, in the
state in which it is absorbed from the earth: and therefore we
may conclude that the fluid, which enters into,; and circulates
through the leaves of plants, as the blood through the lungs of
animals, consists of a mixture of the true sap or blood of the
plant with matter mare recently absorbed, and less perfectly
assimilated. :

It appears probable that the true sap undergoes a considerable
change on its mixture with the ascending aqueous sap; for this
fluid in the sycamore has been proved to become more sensibly
sweet in its progress from the roots in the spring, and the liquid
which flows from the wounded bark of the same tree is also
sweet; butl have never been able to detect the slightest degree of
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sweetness in decoctions of the sycamore woed in winter. Iam,
therefore inclined to believe that the saccharine matter existing
in the ascending sap is not immediately, or wholly, derived
from the fidid which had circulated through the leaf in the
preceding year ; but that it is generated by a process similar to
that of the germination of seeds, and that the same process is
always going forward during the spring and summer, as long
as the tree continues to generate new argans. But tawards the.
conclusion of the summer I conceive that the true sap simply
accumulates in the alburnum, and thus adds to the specific
gravity of winter-felled wood, and increases the quantity of its
extractive matter. '
" I have some reasons to believe that the true sap descends
through the alburnum as well as through, the bark, and I have
been informed that if the bark be taken from the trunks of trees
in the spring, and such trees be suffered to grow till the fol-
lowing winter, the alburnum acquires a great degree of
hardness and durability. If subsequent experiments prove that
the true sap descends.through the alburnum, it will be easy to
point out the cause why trees continue to vegetate after all
communication between the leaves and roots, through the bark,
has been intercepted: and why some portion of alburnous
matter is in all trees* generated below incisions through the
bark.

It was my intention this. year to have troubled you with some
observationis on the reproduction of the buds and roots of trees;

® I have in a former paper stated that the perpendicular shoots of the vine form an
exception. I spoke on the authority of numerous experiments; but they had been
made late in the summer; and on repeating the same experiments at an earlier period,
1 found the result in conformity with my experiments on other trees,
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bat as the subject of the .Paper, which I have now the honour
to address to you, appeared to be of more importance, I have
deferred ;hose observations-te a fuyture: opportunity ; .and {.shal
at presen.t onlyvobserve shat I—eonque.myselfto be in passession
of facts to prove that both buds and roots originate from the
alburnous substance of plants, and not, as is, I believe, generally
supposed, from the batk. -« - ' .

I am, &c.

.I%lfo:g;'i);é.y ... . . T.ANDREW KNIGHT.,
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V. On the Action of Platina and Mercury upon each other. By
Richard Chenevix, Esq. F.R.S. M.R.I. 4. &c."

Read January 10, 1803. . R

. Freyberg, June 3d, 1804.
O the 12th of May, 1803, I had the honour of presenting a
Paper to the Royal Society, the object of which was to discover
the nature of palladium, a substance just then announced to
the public as a new simple metal. The experiments which I
had made for this purpose led me to conclude that palladium
was not what it had been stated to be, but that it was a com-
pound of platina and mercury.

It was natural to suppose that a subject so likely to spread
its influence throughout the whole domain of chemistry, and
which tended even to the subversion of some of its elements,
would awaken the attention of philosophers. We find accord-
ingly, that it has become a subject of enquiry in England,
France, and Germany ; but the experiments which I had re-
commended as the least likely to fail, have been found insuf-
ficient to insure the principal result; and I have had the
mortification to learn that they have been generally unsuc-
cessful. I have even reason to believe that the nature of
palladium is still considered by chemists, at least with a very
few exceptions, as unascertained; and that the fixation of
mercury by platina is by many regarded as visionary.

The first doubts were manifested in England; and Dr.
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WoLLasToN very early denied the accuracy of my inquiries.
But as he has not published his experiments, I have had no
opportunity of discussing them. His opinion, however, must
have such weight in the learned world, that I should have
neglected a material fact in the history of palladium, if I had
not mentioned it in this place.

In France the compound nature of palladium has been more
generally credited. When the National Institute was informed
of my experiments, a report was ordered to be made upon
.them, and M. GuyroN was the person appointed for the
purpose. He repeated some of the experiments, and produced
some of his results. His general conclusion was the same as
mine. '

Messrs. VAuQuELIN and Fourcroy then undertook the
subject,-and they were led by it to the confirmation of the
recent discovery of Mons. Descorits. The existence of a
new .metal, which that chemist had found in crude platina,
received great sanction from their experiments; and thus the
discussion upon palladinm has established a fact which will be
considered as interesting, but which would be much more so,
were we not already overburthened with substances which our
present ignorance obliges us to acknowledge as simple.

No sooner were these celebrated chemists convinced of the
existence of 2 new metal in platina, than they concluded that
it must play a principal part in the composition of palladium.
Shortly after this, in a note to a letter from M. Proust to M.
VAuQuELIN, in which M. ProusT expresses his astonishment
concerning all he has read upon palladium, Mess. Fourcroy
and VAuQuELIN further declare, as their opinion, that this com-
pound metal does not contain mercury, but is formed of platina

MDCCCV. P
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and the new metal. Whether this new substance does or does
not play a principal part in-the formation of palladium, could
not bé ascertained at the time my experiments were made,
because the new metal itself was not then known. But from
all that Mess. Fourcroy and VAUQUELIN have stated, in such of
their different memoirs upon this subject as I have seen, the
grounds of their supposition have not appeared. May we.not
refer their opinion, then, to that ¢ommon propensity of the
mind, against which M. Fourcroy has himself warned us
with equal justness and eloquence on another occasion, namely,
a proneness to be allured by novelty beyond the bounds of
rational belief, and to convert principles which are new into
principles of universal influence.

Mess. Rosk arid GEHLEN * ‘were the first among the German
chemists who instituted experiments upon palladium ; and M.
RicHTER has also published a paper on the sime subject.

The first attempt of Mess. Rose :‘and GEHLEN to form pal-
ladium was by the precipitation of a mixed solution of platima
and mercury by green sulphate of iron. Their resalt was: pre-
cisely that which I had observed when my operations failed
altogether, and which of course was the most frequent. . This
- _method was repeated twice. The second time .the precipitate
of platina and mercury was boiled with muriatic acid, in otder
to free it from iron; but the latter trial was not’ moramccees-
ful than the former.

Theéir third experiment was, what they have calléd a repe-
tition of that in which I had obtained palladium by passing a

® Nexes Algemeines Yournal der Cbemie beransgegeben vom Hermstadt,
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current of sulphurétted hydrogen gas through a mixed solution
of platina and mercury. Thejr mpthod was the following.
They dissolved one hundred and fifty- grains of platina with
four hundred and fifty of mercury, and added a solution of
hydrosulphuret of potash. They obtained a precipitate which,
at first, was black, afterwards'gray; but the whole became
black by being’stirred. To be certain that all the metal was
precipitated, they added an excess of sulphuret of potash, and
perceived. that a part.of:the precipitate was redissolved. The
liquor ‘'was then filtered, and to that part of it, which contained
the redissolved precipitate, an-acid was added: From this pro-
cess they obtained. a. yellow precipitate weighing ninety-one
grains ; and fifty: grains of this, exposed to a strong heat, left
three:eighths of 'a grain of platina. They obtained no palla-
dium from :that part of .the precipitate which had not been
redissolved ; and the result of the expenment was oomplete
failure:

I shadl- no; make any observatlon upon the issue -of - this
process, since, in 'this case; the.bést condueted. is but tao liable
to be unsuceessfiil, and: that without any apparent fault in the
operator... Butas it has been givén as a repetition of one of
mine, it may riot be fruitless to.examine how far the repetition
was exact. - o
- I'had passed a current of sulphuretted hydrogen gas through
a mixad solution of platina and mercury, by -which means they
were precipitatéd together. .My object was so intimately to
combine sulphur with these metals, that when exposed to heat,
they might (if I may be allowed the expression ) be in chemical
contact with ‘it at the momént of their nascent metallic state ;
and as a Jow temperature: suffices, as well to-reducttz those

Pa
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metals, as to combine palladium with sulphur, I hoped that
those effects might be produced before the total dissipation of
the mercury. How far my expectation was fulfilled has been
stated in my former Paper.

The sulphuretted hydrogen gas which Mess. Rose and
GEHLEN presented to those metals was combined with potash.
Now, in the course of docimastic lectures annually delivered by
M. VauQueLiN at the Ecole des Mines in Paris, when he was
Professor at that establishment, it was his constant custom to
exhibit an experiment to prove that mercury, precipitated from
its solution by many of the alkaline and earthy hydrosulphurets,
was redissolved by adding an excess of them.

It is moreover well known, that there is a strong aﬂimty
between potash and the oxide of platina, and also that when
those substances are brought together in solution, a triple salt,
but little soluble, is the result. It was to .avoid these difficulties.
thatI had employed uncombined sulphuretted hydrogengas; for
~ the method adopted by Mess. Rosk and GEHLEN appearing to me
to be the application of two divellent forces, I presumed that it
would produce a separation. The result of their experiment,
which, it appears from their paper, they had .not-anticipated,
shews the necessity of the precaution I had used. The opera-
tion which they performed to unite platina and mercury was,
in fact, nearly the reverse of that which they supposed they
had repeated from me, and might have been applied perhaps
'with a better prospect of success towards the decomposition of
palladium. :

Mess. Rose and GEHLEN seem, in many parts of their paper,
to question my having fused platina; and inform us that
although they -had exposed this metal in the furnace of .the
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Royal‘Porcelain Manufactory of Berlin, in which WEpGEWoOD’s
pyrometer ceased to mark the degree of heat, they could not
accomplish its fusion. Many of my friends in England have
however seen the buttons which I obtained, and which were
not few in number. The flux which I had used was borax.
But no mention is made in any one of the operations of Mess.
Rose and GEHLEN of borax having been employed.

In many of their attempts they obtained an irregular and
porous mass, which of course was of a specific gravity much in-
ferior to that of platina ; and it might be inferred from their paper
that the diminution of specific gravity, which I had observed,

_ 'was owing to the same cause. It is true, not only that I had

very often obtained such a mass, bnt that I had frequently also
observed no diminution whatsoever in the specific gravity of
the button which resulted from my operations. But all those
upon which I had founded the conclusions alluded to by Mess.
Rose and GEHLEN were performed in the following manner,
and have been repeated since. A Hessian crucible was filled
with lamp-black, and the contents pressed hard together. The
lamp-black was then hollowed out to the shape of the crucible
as far as one-third from the bottom, leaving that much filled
with the compressed materials; this lining, which adhered
strongly to the sides of the crucible, was made extremely thin
in order not to obstruct the passage of caloric. A cylindrical
piece of wood, as a pencil, was then forced into the centre of
the thick mass of lamp-black at the bottom, and the diameter
of this rod was determined by the quantity of metal to be
fused, or varied according to other circumstances at pleasure,
In general the axis of the cylindrical hole was about three or
four times the diameter of the basis. After withdrawing the
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rod the crucible was about half filled with borax. Upon this
was placed the metal to be fused; and if it had been before
melted into a cylindrical form, the axis of the metallic cylinder
was placed horiz;)'ntally, and was of course perpendicular to
the axis of the cylindrical excavation ‘at the bottom of the
crucible. More borax was then added to cover the piece of
metal, and another quantity of lamp-black was pressed hard
over the whole in order to keep it tight together. An earthen
cover was finally luted to the crucible, and in this state it was
exposed to heat in a forge, in which upon another occasion, I
had, in the presence of Mess. HaATrcHETT, HowARD, DAvVY, and
others, completely melted a Hessian crucible lined and. pre-
pared in the same manner. The fuel which I used was the
patent coak of Mess. DAvEY and SAwYER. In the present ex~
periments I moderated the heat so as not materially to injure
the crucible, and upon taking it out of the fire, the lining was
generally found so compact and so firm that it remained in'a
solid mass after the crucible was broken. When the metallic
cylinder occupied the space at the bottom, it was natural to
suppose that it had been fused ; because in no other state but
that of liquidity could it have run into the mould. In order
however to prevent all objections I had the precaution to make
the hole of a different diameter from the metallic cylinder,
and to observe whether the necessary change in the shape of
the latter ensued. If, after such a test, repeated as often as
required, I perceived that the metal did not vary in its specific
gravity, I thought myself authorised to conclude that it was
exempt from air.

M. RicHTER says that he had hoped to have put himself in
possession of a considerable piece of palladium.by repeating
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with minute accuracy the process which I had recommended
as the best. He precipitated 2 mixed solution of platina and
mercury by a solution of green sulphate of iron; and after
varying the subsequent operations, to which he submitted the
product he had obtained by this method, he was led to the
following important conclusions amongst others of less conse-
quence. 1st, That two metals, the separate solutions of which
are not acted upon by a third body, may be acted upon, and
even reduced to the metallic state, by that same body when
presented to them in one and the same solution.

2dly. That mercury is capable of entering into combination
with platina so, that it cannot afterwards be separated by fire.
.From the first of these conclusions it is evident, that metals in
their metallic state are not incapable of chemical action upon
each other ; and from the second, that mercury can be fixed
(it is purposely that I use the alchemical expression) by
“platina. :

In .addition to the chemists abovementioned, I must name
two more who in Germany have been occupied by palladium.
M. TROMSDORFF, in a letter to the authors of the journal
already quoted, mentions his having made some fruitless at-
tempts to form this combination; and M. KLAPROTH, in a letter
to M. VauQueLiN published in the idnnales de Chimie, for
Ventose, an 12, likewise says that he could not succeed in
producing palladium. ' .

Mess. Rose and GeHLEN, as well as M. RicutEer, had con-
ceived from my Paper a reliance on the success of their
experiments, which no words of mine had authorised, and
have accused me of enforcing the truth of my results with a
degree of certainty which their observations do not countenance.
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M. Ricuter supposed that the formation of palladium was
attended with no difficulty ; and in general they have laid so
much stress upon this charge, that I should be inclined to
think my Paper had not been read by these chemists. In
referring to it again, I find there is hardly a page in which I
do not mention some failure, and no experiment, of the very
few which occasionally succeeded, is related without my
stating at the same time that it was repeatedly unsuccessful.
As far as regards palladium, it is rather a narration of fruitless
attempts than a description of an infallible process, and more
likely to create aversion to the pursuit than to inspire a confi-
dence of success. The course of experiments which I had
made, as well before as after reading my Paper to the Society,
took me up more than two months, and employed me from
twelve to sixteen hours almost every day. I had frequently
seven or eight operations in the forge to perform daily, and I
do not exaggerate the number of attempts I made during this
time, as well in the dry as in the humid way, in stating them
to have been one thousand. Amongst these I had four suc-
cessful operations. I persevered, because even in my failures
I saw sufficient to convince me that I should quit the road to
truth if I desisted. After all my labour and fatigue I cannot
say that I had come nearer to my object, of obtaining more
certainty in my processes. Their success was still a hazard on
the dice, against which there were many chances; but till
others had thrown as often asI had done, they had no solid
right to deny the existence of such a combination. On this
foundation none, I believe, have established such a right.
Mess. Rose and GEHLEN do not say how often their experi-
ments were repeated ; but it is probable that if they had been



Platina and Mercury upon each other. 113

- ‘performed very often, these authors would not have neglected
"to mention it. M. RicHTER states his merely as preparatory
to more extensive researches; and M. TrRoMsDoRFF, as.well as
* M. KLaProTH, mention little more than the fact. If the German
chemists have concluded against my results, they have done
so without just grounds, and without having bestowed upon
them that labour and assiduity for which they are usually so
‘ remarkable.

~In this state of uncertainty the compound nature of palla-
" dium received an indirect, but a very able, support from some
experiments of M. RITTER, the celebrated GALVANIsT of Jena.
M. RiTTER had ascertained the rank which a great number of
- substances hold in a GaLvanic series, arranged according to
 the property they possess of becoming positive or negative
when in contact with each other. He had established the
following order, the preceding substance being in a minus
relation to that which comes next.  Zinc, lead, tin, iron, bis-
- muth, cobalt, antimony, platina, gold, mercury, silver, coal,
galena, crystallized tin ore, kupfer nickel, sulphur- pyrites,
copper pyrites, arsenical pyrites, graphite, crystallized oxide
“of manganese. He had the goodness to try palladium in my
presence, and found it to be removed, not only from what I
believed to be its constituent parts, but altogether from among
the metals, and to stand between arsenical pyrites and graphite.
This ‘result led M. RiTTER into a new and general train of
reasoning, and induced him to undertake the examination of a
great number of alloys, and of a variety of amalgams. He
considered the subject as a philosopher; and his operations
were those of a consummate experimentalist. It would be
doing him an injustice to attempt an extract of his ingenious

MDCCCV, Q



114, Mr. CHENEVIX on the Action of

paper, which contains a series of the most interesting experi-
ments. I shall merely observe for the present purpose, that
it very rarely happened that the mixture of two metals bore
any determinate relation to the same metals when separate;
that in every case the smallest variation in the proportions
produced the most marked effects; and that M. RiTTER has
furnished us. with .an instrument calculated to detest the pre-
sence of such small quantities as have hitherto been considered
as out of the reach of chemistry. As palladium presents a
very striking instance of the anomaly, to which all compounds
seem to be more or less subject, by being removed altogether
from the series of simple metals, this may serve to support the
other proofs of its compound nature.

One of the principal objections of those who dispute the
truth of my conclusions with respect to palladium, is grounded
upon the repeated failure of all the methods I had made use of
in forming it ; but this cannot be of very great weight, when
we consider the uncertainty of many- other operations of che-
mistry. The most simple are sometimes liable to fail : and the
easiest analyses have often- given different products in the

. hands of different chemists, who yet enjoy indisputable and
equal rights to the title of accuracy. The progress which we
have made in some parts of the science has not removed the
obstacles which impede our advancement in others. We have
no method of proving the-truth of an experiment except by
repeating it: yet this often tends to show nothing more than
contradictory results, and -consequently the fallibility of the
art. :

But a recent case has occurred which is perfectly analogous
to that of palladium. A few years ago Professor LaMpaDIUS,
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in distilling some substances which contained sulphur- and
charcoal, obtained a liquid product of a peculiar nature. He
repeated his experiments, but in vain: and after many fruitless -
attempts abandoned his researches, and confined himself to

stating the fact to the chemical world. Little notice was taken

of it, and not much interest was excited by an experiment so

likely to fail.' Some time after this Mess. CLEMENT and DESORMES

obtained the same result, and attempted to produce the sub-

stance a second time. They performed a vast number of ex-

periments; but their success bore no proportion to their -
diligence and zeal. They published an account of their process

and its consequences, but gained little credit, as no person

was fortunate enough to produce the- same-substance. Many

disbelieved ‘the experiments altogether, and denied the ex-
istence of such a combination ; whilst .others; less inclined to
doubt, attributed: its: formation to fortuitous circumstances
which might never again occur together. In February, 1804, -
Professor LaMpap1vUs, in distilling some pyritized wood, though
with a different intent, obtained the.same substance. As he
had it now in his power to observe the  phenomena that at-"
tended its formation, he discovered, and has communicated to
the world, a method of prodticing it, which’never fails. Since
his-late paper upon the subject, as the  necessary precautions
can be followed by every chemist, Mess: CLEMENT and DEs-
orMES have obtained that credit to which their experiments
had; in truth, always been entitled; and the formation, of
what Prefessor Lampapius -terms his sulphur-alcohol is no

longer a result of chance, or accounted for by being supposed -
one of those subterfiiges to which human pride resorts, in order

to spare itself the confession of human weakness.

Qe
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The observation of any new fact becomes a matter of general
concern, and truly worthy of philosophic contemplation, then
only, when its influence is likely to be extended beyond the

single instance to which it owes its discovery. Whether water

were a simple body or a compound could have been of little
importance as an insulated fact; but, connected with the vast
chain of reasoning it gave rise to, it opened a new field for

genius to explore. If in the present case our researches were .

to be confined merely to ascertaining whether palladium were
a simple metal or a compound, all the advantageslikely to
arise from the facts observed during the inquiry would be lost;

and an object of the most comprehensive interest would thus -

sink into a controversy concerning the existence of one more
of those substances, which we have dignified with the name of
elements. It was in this point of view that Mess. RicHTER and
RITTER considered the subject as far as they went, and a few

facts are stated in my first Paper in support of the opinion, that -

palladium is but a particular instance of a general truth.

By taking the reasoning on this subject then, in its widest
extent, we shall be led, I think, to the following conclusion :
That metals may exercise an action upon each other, even in
their metallic state, capable of so altering some of their prin-
cipal properties as to render the presence of one or more of
them not to be detected by the usual methods. In this is con-
tained the possibility of a compound metal appearing to be
simple ; but to prove this must be a work of great time and
perseverance ; and can only be done by considering, singly
and successively the different cases which it contains, and by

instituting experiments upon each. When an affinity which
unites two bodies, and so blends their different properties as to -
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make them apparently one, has taken its full effect, it will not
be easy to separate them; and this will be more particularly
the case when neither of those substances is remarkable for
exercising a powerful action upon others. The method of
analysis therefore does not promise much success; and the
labour of synthesis is sufficient to deter any individual from
the undertaking., :

It is my intention now to exhibit one example of my position,
and to prove that platina and mercury act upon each other, i
such a manner as to disguise the properties of both. I shall
therefore wave for the present all consideration of palladium,
which is in fact but a subordinate instance of the case before us..

. When a solution of green sulphate of iron is poured into a
solution of -platina, nob. precipitate, nor any other sensible:
change ensue¢s. ‘This I'had already observed, and it has since
been confirmed by all who have written upon the subject. ‘But,.
if a solution of silver or of mercury be added, a copious preci-
pitate takes place. This precipitate contains metallic platina
and metallic silver or mercury ; 'some muriate of one or other
of the latter metals is also present, as it is not easy to. free the :
solution of platina from all superfluous muriatic acid. But
these salts are of .no importance in the experiment, and can.:
be separated by such methods as a knowledge of their chemical -
properties will easily suggest. The proper object of conside-
ration is the reduction of the platina to the metallic state, .
which does not happen when it is alone. I have tried to pro--
duce the same effect with other metals and platina, but I have
not observed any thing similar. It is therefore fair to conclude,.-
that when a solution of platina is precipitated in a metallic state.
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by-a.solution of green sulphabe of iron, either: silver-or mer--:

cury'is present.

The precipitation of a. rmxed solution of platma and. sxlver..
requires no further .caution than to free the salt of platina as .
much as possible from :muriatic’acid ; for as. I observed in:

my former. Paper; the effect of nitrate of silver:poured into
muriate of platina, is to produce a precipitate, .not of muriate:
of silver; but of a triple muriate of platina and silver." It was

by .this-experiment that I then proved the affinity of these two

metals ; for when silver is not present, muriate of platina is
among the most soluble salts.. The best method- of presenting
the three solutions of platina, silver, and green sulphate of iron
to each other, is first to pour the filtered solution of the last
into the solution of platina, and then, after mixing them tho-

roughly together, to add the solution of silver by degrees, and

to stir them constantly. In .this, as in all similar operations,
the presence of all acids, salts, &c. excepting those necessary
for the operation, should be avoided ; and if proper proportions
have been used, and all circumstances attended to, the preci-
pitation of these two metals will be very complete.

But the precipitation by a solution of mercury requires to be
further considered, as the state of oxidizement of this metal,
as well as the acid in which it is dissolved, produces a consi-

derable modification in the result. In the first place the oxide, -
at the minimum of oxidizement, dissolved in muriatic acid, is -
unfit for the experiment ; and even-the red oxide dissolved in
the same acid, or corrosive sublimate, is not the most -advan- -
tageous. When a warm solution of the latter is poured into a -

mixed solution of platina and green .sulphate of iron -also



Platina and Mercury upon each ather. 119

-warm, as in the case of silver, these substances are brought
into contact under the most favourable. circumstances. Yet
even thus the precipitation is slowly and imperfectty formed,
often not till several hours have elapsed; and sometimes a
very great deficiency of weight is observed, between the quan-
tities used and those recovered directly by this- method. Ifa
solution of nitrate of mercury be used, the effect is produced
more rapidly, and the precipitate is more abundant. The pre-
cipitation of muriate of platina by nitrate of silver, and the

- combination which ensues from it, suggested to me an experi-
ment which I must state at length, as from the result of it
consequences are deduced which modify some of the experi-
ments of my former Paper. '

It occurred to me that a method .of uniting platina and
mercury without the intervention of any other metal, or of any
substance but the solvents of these metals might be accom-
plished as in the case.of silver and platina. I therefore poured
a solution of nitrate of mercury, which solution being at the
minimum of oxidizement, consequently formed an insoluble
muriate with muriatic acid, into a solution of muriate.of platina.
The result was-a triple. salt of platina arid mercury, which
.when the mercury was completely and totally at thé minimum
of oxidizement was nearly insoluble. To procure it in this
state it is sufficient to put more metallic mercury into dilute
nitric acid ‘than the nitric acid can dissolve; and to boil them
together. This triple salt of platina and mercury.shall be pre-
sently examined. Fromr this it is evident that to produce the
union of platina and mercury, the latter being; at its minimum
of oxidizement. in nitric acid the addition of green sulphate of
iron is superfluous. ' '
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But if mercury be raised to its maximum of oxidizement in
nitric acid the case is different, for no precipitation occurs till
'the green sulphateé of iron is added. = The most advantageous
method for precipitating platina and mercury by green sulphate

of iron is, I believe, the following. - Mix a solution of platina

with a solution of green sulphate of iron, both warm, and add
“to them a solution of hitrate of mercury at the maximum of
- oxidizernent:also warm. It is hecessary to :avoid excess of acid,
- salt, &c.in this as in all such cases. ~ With due care the preci-
pitation of both metals will then be complete. -
"By comparing the experiments made with mercury and
-platina with those made with silver and platina, a striking
resemblance will be found. This induced me to.pursue the
"analogy, and to examine whether, independently of the action
-of ‘platina, mercury had not the same property of being preci-
. pitated by green sulphate of iron as silver. Nitrate of silver is
precipitated by green sulphate of iron, but muriate of silver is
-not sensibly acted upon by the same reagent. The insolubility
of muriate of silver might be alleged as the cause of this, if I
had not tried the experiment by pouring nitrate of silverinto
green muriate of iron, in which case all the substances were
presented to each other-in solution. The result was not re-
duction, but muriate of silver and nitrate of iron. This fact
rests upon a much more extensive basis than mere mechanical
circumstances ; .and, if pursued with the attention it deserves,
it would lead us into the wide expanse of complicated affinities
-and their relations. From reasoning alone we should be dis-
‘posed to think that an acid, so easily decomposed as the nitric,
would be sufficient to prevent the reduction of a metal which
it can dissolve. But on the one hand it can spend its oxygen
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upon a part of the oxide of the green sulphate of iron, while
on the other its affinity for oxide of silver is not powerful
enotigh to retain it, when there is another part of the oxide of
iron present to deprive it of oxygen. But the affinity of mu-
riatic acid for oxide of silver, one of the strongest at present
known, is sufficient to counterbalance all the other forces.
‘There are many other instances of the same kind.

If then a solution of green sulphate of iron be brought into
contact with either soluble or insoluble muriate of mercury,
no reduction takes place ; but if mercury, whether at the maxi-
mum or the minimum of oxidizement, be dissolved in nitric
acid, and green sulphate of iron be added, the mercury is
precipitated in the metallic state.

These experiments are much stronger examples than the
former of the effects produced by complicated affinities. They
-are of importance not only as objects of general consideration
‘but in their application to the present subject. They most ma-
‘terially modify and are indispensable to the accuracy of the
results I formerly stated; but I was not aware of them at
the time 1 first engaged in the investigation of this subject.. I
can also now explain a very material difference between some
proportions observed by M. RicHTER and myself in an expe-
riment which that chemist had made as a repetition of one of
mine. ,

1 had poured a solution of green sulphate of iron into a
‘solution of 100 parts of gold and 1300 of mercury, and had
obtained a precipitate consisting of 100 of gold and 774 of
mercury. M. RICHTER repeated, as he terms it, this experi-
ment ; that is, he used 100 of gold and goo of mercury, and
MDCCCV. R
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obtained a precipitate weighing 102. He is surprised at the
difference of weight between our results, which might be
owing to his method of repeating the experiment; but the real
cause of this difference lies, as I suppose, in my having acci-
dentally used nitrate instead of muriate of mercury. I had
never observed that with mercury and silver this operation

" had failed, and it must have. been, because, on account of the
known effect of muriatic salts upon those of silver, I had
naturally avoided using a muriate of mercury.

But the state of the nitrate of mercury which is used- thh a
solution of ‘gold is not indifferent. - As green sulphate of iron
reduces mercury when dissolved in nitric acid, as well as gold,
it is necessary to mix the solutions of those metals before the
green sulphate of iron is added, in order that both may be
-acted upon together. If the nitrate be at the minimum of oxi-
dizemeérnit, a precipitate is immediately formed upon mixing the
solutions of gold -and mercury. Calomel is produced by the
muriatic acid of the solution of gold and the oxide-of mercury,;
whilst the gold is reduced to the metallic state by a portion of
the oxide of mercury becoming ‘more oxidized, and formipg
the soluble muriate. The precipitate consists of calomel, of
metallic gold, and of -a very small portion of mercury which 1
‘believe to be in the same state ; my reason for thinking so, is,
that I have often observed, that a glass vessel in which I had
sublimed some of it, was-lined with a thin gray metallic coat.
'If, on the-contrary, a nitrate of mercury be highly oxidized,
no precipitate nor reduction of gold takes:place until the green
sulphate of iron-is-added. But at any rate the precipitation of
‘gold and mercury,or of silver and mgreury by: green: sulphate
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ef iron cannot be adduced as an argument to support the
affinity of these metals; since the effect is the same, whether
they are separate or united.

These preliminary considerations were necessary as well
for the rectification of my former experiments as for the pur-
suit of my present object ; and now to return to platina.

Exper. 1. If a solution of highly oxidized nitrate of mercury
be poured into a mixed solution of platina and green sulphate
of iron, .the first action which takes place passes between
the muriati¢ acid of the solution of platina and the oxide of
mercury, by which a muriate of mercury is formed, but retained
in solution. This effect makes it advantageous to use a greater

~ quantity of the solution of mercury than is merely capable of

drawing down the given quantity of platma along with itself
in the form of a metallic precipitate. When this precipitate is
washed and dried, it will be found to weigh much more than
the original quantity of platina;  and the augmentation of weight
has no limit but those of the mercury and the green sulphate
of iron employed. But even after nitric acid has been boiled
for a long time and in great quantities upon this precipitate,
until it no longer dissolves any part of it, there still re-
mains more undissolved matter than the original weight of the
platina used in the experiment. By exposure to heat little
more is left in general than the original platina; and some-
times even a diminution may be observed ; for as the experi-
ment is not attended with uniform success, it does not always
happen that the whole of the platina is precipitated, but a
portion of it will sometimes resist the action of the green sul-
phate of iron, even when sufficient mercury has been used.
Before the precipitate has been exposed to heat it is dissolved
Rs
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more easily than platina by nitro-muriatic acid ; and the solu-
tion when nearly in a neutral state gives a copious metallic
precipitate, (yet not equal to the quantity employed,) when
boiled with a solution of green sulphate of iron.

. Exper. 2. When a mixed solution -of platina and mercury is
precipitated by metallic iron, a quantity equal to the sum of the
former metals is generally obtained. After nitric acid has been
boiled for a long time upon the precipitate soformed, the original
weight of platina, together with a considerable increase, remdins
behind, nor can nitric acid sensibly diminish it. It yields more
easily than platina to the action of nitro-muriatic acid, and its
_ solution in that acid, when neutralized, gives 1 precipitate, as
in the former experiment, by green-sulphate of iron. If this
precipitate be exposed to a strong heat after it has been boiled:
with nitric acid, it loses a great part of its weight, and the:
platina alone will generally be found to remain.

Ezper. 3. When a quantity of ammoniacal muriate of platma.
is treated according to the method of Count Mussin PusHKIN.
to form an amalgam, and, after being rubbed for a considerable
. time with mercury, is exposed in a crucible to a heat gradually
increased till it becomes violent, a metallic powder remains in:
the crucible. This powder is acted upon by nitro-muriatic acid,
and when the solution is neutralized, a copious’ precipitate -is
formed upon the addition of green sulphate of iron. This effect
takes place even after the metal has been fused in the manner-
described in the former part of this Paper.

Exzper. 4. If sulphur be added to the ingredients recom-.
mended by Count MussiN PusHkIN, and the whole treated as
in the last experiment, the quantity of precipitate caused by
green sulphate of iron in the nitro-muriatic solution of the:
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button which results from the operation, is- generally more
considerable.

. Exper. 5. If sulphur be rubbed for some time with.ammo-
maca] muriate of platina, and the mixture be mtroduced into a-
small Florence flask; it can be melted on a.sand-bath. If
mercury be then thrown into it, and the, whole be well stirred
together and heated, it may afterwards be exposed to a very,
strong fire and melted ‘into a button. If this be dissolved in
nitro-muriatic acid, it will give a preclpxtate, as in the former
cases, by green sulphate of iron. '

Exper. 6. If a current of sulphuretted hydrogen gas:be sent.
through a mixed solutien of platina and -mercury, and the.
precipitate which "ernsugs be collected, the metal may be re-.
duced by heat; and with' the addition; of borax, it may be.
melted into a button which will not contain-any sulphur. Green.
sulphate of iron eauses a precipitate in the solution of this:
metal also. -

Exper. 3. If to a2 mixed soluﬁon of platina and mercury,-
phosphate of ammonia be added, a precipitate takes place. If
this be collected and rediwed, it will be acted upon by green-:
sulphate of iron poured into its solution, in'the same manner as.
the metallic buttons inf the preceding examples. ‘

Ezper. 8. I have already mentioned that when a solution of~
nitrate of mercury;at the minimum of oxidizement,is poured-into-
a:solution of muriate of platina, a mercurial muriate of platina is:
precipitated. The supernatant liquor may be decanted and the.
residuum washed ; if this be reduced and afterwards dissolved
in nitro-muriatic acid, it will yield a precipitate with greep:
sulphate of iron. This method appears to me to be the neatest:
for combining platina and mercury, as the action which.takes:
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place is independent of every bubgtance excapt the mwetals
themselves. o
Ezper.' 9. One of the most delicate tests that I have observed
in chemistry is recent muridte of tin, which detects the pre-
sence of the smallest portion of mercury. When a single drop
of a saturate solution of neutralized nitrate or murfate -of
mercury is put into 500 grains of water, and’a fewdrops of a
saturate solution of recent muriate ‘of tin are'added, the liquor
becomes a little turbid, and of-a smoke-gray colour. If these
500 grains of liquid be diluted with ten times their weight of
water, the éffect is of course diminished, but still it is per-
ceptible. I had oh a former occasion observed the ‘action of
recent muriate of tin upon a solution of platina. If a solution
of recent muriate of tin be poured.into a’ mixed.sdlution of
platina and mercuty, not too concentrated, it can hardly be
distinguished from a:simple solution of phatiha. But if too
much mercury be present the excess is acted upon astercury 3
and the liquor assumes a darker colour than with platina alone,
From all these experiments it is evident. that mercury: can
act upon platina, and confer upon it the property of being pre-
cipitated in a metallic state by green sulphate of iron. By
Experiments 1 and ¢, it is proved, 1st, That platina can protect
a considerable quantity of mercury from the action of nitric
acid ; and edly, That mercury can increase the action of nitro-
mutiatic acid upon platina. : From Experiments g, 4, 5, 6,7, 8,
it appears that mercury ¢an combine with' platina in such-a
manner as not to be separated by the degree of heat necessary
to fuse the compound, since after the fusion it retains that
property, which is essentially ‘characteristic of the presence of
mercury in a solution of platina. ‘The 8th Experiment proves
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that the action of mercury upon platina is not confined to the
metallic state ; but that these metals can combine and form an
insoluble triple salt with an acid which produces a very soluble
compound with platina alone. . The gth Experiment shows that
plaqua can retain in solwtion a certain.quantity of mercury,
and prevent its reduction by a substance which acts most
Powerfully to that effect, when platina is not present. That
part of thq‘gmgral,posiﬁgnv.therefbre .which is the object of
this Raper is. proved, if these experiments, upon being repeated
by other chemists, shall be found to be accurate.
One or. twa of the ghove experiments seem to be in contra-
diction to,some, that 1. .hg\ze stated in my Paper upon palladium ;
forin the mequt,emmples platina.protects mercury against
the action of nitric acid ;; whereas in palladium the mercury is
not.only acted upon itself, but it conduces to the solution of
-platina in the same acid, I am well aware of this objection ;
‘but, .confining myself to: my, present object, I shall wave all
Duxther. discussiop. .ot jt till apather. opportunity. In.the mean
_time,. however, it may be laid down as an axiom.in chemistry,
tha. the. strongest, affinities are those, which. produce-in any
.substance:the greatest devjation. from its usual properties.
.‘When a bytten of the allpy .of platina.and mercury as pre- .
'pared by any of the above -methods, is dissolved in nitro-
.muriatic acid,.and agtgrward,s Rrecipitated by green sulphate of
_nron, the .- gntxre -quantityof  the . alloy used ig seldom.obtained.
A considerable; portion of plating resists the :action of green
- sulphate, of jron; and remaing jn-solution. This may be looked.
~upon as the. excess of platina, and can be recovered by a plate

of iron. Hence it appears that less mereyry is fixed, than can
-determine the pregipitation of the eatire guantity of platina;
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‘yet in ‘this state it can draw down a greater quantity of thie
fatter, than when it is merely poured into a mized solution of
platina, not before so treated. Indeed the whole of these
experiments’ tend, not énly to show that these two metals
exercise a very powerful action upon each other, but that they
are capable of great variation iri the state of their combination;
and also that substances possessmg different properties have
resulted from my-attempts to combine platina with mercury.'
This observation furnished me with a -method of ascer-
taining, or at'least of approaching to the knowledge of, the
quantity of mercury thus fixed by platina; and in combination
withit. The experiment, howe'ver, having been seldom attended
with full success, I mention the.result with the entire consci-
ousness of the uncertainty to which it-is subJect I observed
the increase of ‘weight, which the ongmal quantity of platina
had acquired in somé cases after it had been treated with
mercury, and fused into'a button. I counted that augmenta-
tion as the quantity of mercury fixed. ‘I theh determined how
‘much was precipitated by green sulphate of iron from a solu-
tion of this alloy, and supposed it to contain the whole quantity
of mercury found as ‘above. 'But, even if atténded with complete
success, there is a chemical reason which must make us refuse
-our assent to this estimate. "It is possxble, and not unlikely,
that a portion of mercury may be retained in solution by the
platina,-as well as that a portion of the platina may be preci-
pitated by means of the mercury.. The mean result, however,
was that the precxpltate by green sulphate of iron consisted of
about 17 of mercury, and 83 of platma, when the speclﬁc
gravity was about 16.
With regard to palladium, lest it should be supposed that
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either my own observations, or those of others have given me
‘cause to alter my opinion. I will add that I have as yet seen

no arguments of sufficient weight to convince me, in opposition

.to experiment, that palladium is a simple substance. Repeated

failure in the attempt to form it I am too well accustomed to,

. not to believe that it may happen in well conducted operations ;

but four successfiil trials, which were not performed in secret,
are in my mind a sufficient answer to that objection. By deter-

.mining  the présent question we may overcome the prepos-

session conceived by many against the possibility of rendering
mercury as fixed, at an elevated temperature, as other metals:
we may be led to see no greater miracle in this compound
than in a metallic oxide, or in water, and be compelled to
take a middle path between the visions of alchemy on the one
hand, and the equally unphilosophical prejudices on the other,
which they are likely to create.. In the course of .experim'e'nts
just now related, I have seen nothing but what tends to con-
firm my former results, yet the only means which I can, after
all, prescribe for silcceéding, is perseverance.

To ascertain whether the opinion of ‘Mess. Fourcroy and
'VAUQUELIN, that the new metal was the principal ingredient
in ‘palladium had any just foundation, I observed the methods
they have recommended. for obtaining pure platina; but I did
not- perceive any difference in the facility with which either
kind of platina combined with mercury.

+ : I might ‘have added some more experiments to corroborate
the evidence I have adduced to prove my assertion of the
fixation of mercury by platina; but Mess. VAUQUELIN and
Fourcroy have promised the Institute of France a contihuation
of their researches, and M. RicuTER concludes his paper with
MDCCCV. S
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saying that he will return to the subject. From the labours of
such persons some great and important fact must issue, and I
hope that the present subject will not be excluded from their
-consideration. The facts contained in this Paper ¢annot be
submitted to too severe a scrutiny ; and no judge can be more
rigid or more competent than the very person who was the
first to doubt my former experiments. ‘But it is necessary to
be observed by whoever shall think them worth the trouble of
verifying, that even these experiments are liable to fail unless
proper precautions are used: that I have never operated upon
less than one hundred grains; and that the results, which I
have stated, however simple they may appear, have been the
constant labour of some weeks.

POSTSCRIPT.

Since this Paper was written Dr. WoLLAsTON has published
some experiments upon platina. He has found that palladium
is contained in very small quantities in crude platina. This fact
was mentioned to me more than a year ago by Dr. WoLLAsTON.
I have not yet seen a copy of his Paper; butI shall merely
observe here that, whatever be the quantity of palladium found

"in a natural state, no conclusion can be drawn as to its being
simple or compound. Nothing is more probable than ‘that
nature may have formed this alloy, and formed it much better
than we can do. At all events the amalgamation to which
platina is submitted before it reaches Europe is suﬂiclent to
account for a small portion of palladium.
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V1. An Ivvestigation of all the Changes of the variable Star in
Sobieski’s Shield, from five ¥ear’s Observations, exhibiting its
proportional illuminated Parts, and its Irregularities of Rota~
t¥on ; with Conjectures respecting unenlightened heavenly Bodies.
By Edward Pigott, Esq. I a Letter to the Right Hon. Sir
Joseph Banks, K. B. P.R. S.

" Read Februérj 7, 1805.

. Bath, lBoz.

Tm: obJect of the ﬁrst part of +this Papm‘ is a further in-
vestigation of the periodical:and ‘other changes of brightness
of one of the variable stars I discovered in 1795, that in
SosIESKI’S shield, an account of which the Royal Society did
me - the honour of publishing in their Tramsactions. Those
determinations being deduced from a few periods made near
the time of discovery, must of course remain unsatisfactory,
however exaa,dm observations themselves may be, until con-
jimled by an addmoﬁa} set, or by others made at a greater
interval of time.; for which purpose I occasionally continued
keeping a journal of its-changes- for near five years, and am
happy to find that they have answered my expectation, parti-
cularly by giving us an insight into- its: irregularities, as will
be shewn hereafter.. -

Variable St&r tn SoBIEsK1’s Shield.

"RA - - 2%
S. declination 5 56’ }for the end of June, 1796

Se
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Its rotation on its axis was, in 1796, estimated at 624 days,
from a mean of six observations of its greatest and least
brightness. - Here follow about 26 similar determinations, most
of them the results of very accurate observations ; and as they
probably will in future be compared with others, I have exa-
mined them repeatedly with the utmost care, attending parti-
cularly to the progression of their changes.

.Table I.
Dates when at its greatest . | Magni- , Dates, when at its least Magni-
Brightness. : tudes. Brightness. tudes.
1796. September 17 5 1796 September 3 6,
. November 13 5~ October 3¢ . -6
1797. May14: . -.| 54 | 1797. July1o «. - | 56
August 7 - 5 September 15 6
October 15 - |6.5 November 6 6
1798. Julyeg =~ . .| ‘54 | 1798. Julyio - - 6
- October 25 - |56 ~ September 15 | 9.0 -
" Deécember 5:: |5.6 November 10, 6
1499. June 1:: - |6.5 1799. July 4 - 7
August7 - 5 September 16 |- 6
October 11 - 5+ November 5 : 6.7
1801. July 14: - 5 1801. Jupe (middle):| 6
September 24, | 5 August 21. - | 6.7
" October 16 6.5

The 4 and — annexed to the magnltudes denote them to
be more or less bright; the doubtful results are marked
with dots; all the others are esteemed exact, except those of
August 7, 1797, and August 21, 1801, which are in a small
degree less so. From these determinations the rotation on its
axis may be computed as follows.
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