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PHILOSOPHY. 

JULY, 1819. 

ARTICLE I, 

Biographical Notice of the late Archibald Bruce, M.D. Professor 
of Materia Medica and Mineralogy in the Medical Institution 
of the State of New York, and Queen’s College, New Jersey, 
and Member of various learned Societies ix America ‘and 
Europe.* 

DOCTOR ARCHIBALD BRUCE (the subject of this memoir), 
was a native of the city of New York, in North America. He 
was born in the month of February, in the year 1777.. His 
father was at that time at the head of the medical department of 
the British army (then stationed at New York) to which he had 
been attached from his youth, having been many years pre- 
viously resident at New York, as surgeon to the artillery depart- 
ment; where he was married, in or about the year 1767, to 
Judith, a daughter of Nicholas Bayard, formerly of the same 
city, at that time the widow of Jeremiah Van Renselaer of 
Greenbush ; by whom he had another son (who died an officer 
in the British army in Ireland), and a daughter (who died while a 
child). | 

William Bruce (the father above-mentioned) and his brother 
Archibald, together with a sister, were natives of the town of 
Dumfries, in Scotland, where their father was many years resi- 
dent as the parochial clergyman; and so continued until his 
decease, oe respected. 9; 

Both sons applied themselves to the science of medicine and 
surgery. William, as above stated, became a physician in the 

* From Silliman’s American Journal of Science, ol, i, p, 299. 
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2 Biographical Notice of [JuLy, 

British army, and died in that station of the yellow fever, in the 
island of Barbadoes ; and Archibald received a commission of 
surgeon in the British navy, in which he continued until disqua- 
lified by old age, when he retired from business, and died a few 
years since in London. For ar! years he acted as surgeon to 
the several ships commanded by Sir Peter Parker, Captain, and 
afterward Admiral. 

Dr. William Bruce, before his final separation from his family, ° 
on the occasion of his being ordered to the West India station, 
had always declared that his son Archibald should never be 
educated for the medical profession ; and finally enjoined such 
instruction upon his wife and friends, to whom the charge of the 
boy was committed. After his decease, the same injunction 
was repeated by the uncle, then in Europe, who was ever averse 
to his nephew’s making choice of this profession : much pains 
were, therefore, early exerted to divert him from such inclination. 

The momentous state of political affairs induced his mother to 
send him to Halifax, under the care of William Almon, M.D. a 
cpa friend of her husband, with whom, however, remaining 
ut a short time, he returned to New York ; and was placed ata 

boarding-school at Flatbush, Long Island, under the direction of 
Peter Wilson, LL.D. who was in high standing as a teacher of 
the languages. 
In 1791 he was admitted: a student of the arts in Columbia 

College. Nicholas Romayne, M.D. was at this time among the 
physicians of highest consideration in New York, and was 
engaged in delivering lectures on different subjects of medical 
sciences in Columbia College. Having pursued the early part 
of his medical studies with Dr. William Bruce, he felt a gene+ 
rous gratitude for the instruction and attention which he had 
received from him, and endeavoured to requite them by advising 
with his son, and promoting his views, as far as lay in Wis power. 
Here commenced a friendship which increased with advancing 
ears, and terminated but with life. At this period, young 
ruce began-to evince a desire to oppose the inclination of his 

father and friends by studying medicine; this study, without 
their knowledge; and while a student of the arts in the senior 
class, he commenced by attendmg Dr. Romayne’s lectures. 
Such was-the strong bent of his mind towards the study of medi- 
cine and its collateral physical pursuits, that the persuasion and’ 
remonstrances of his friends proved alike inefldethal and he 
soon gave free scope to the prevailing inclination. 

The collection and examination of minerals, a pursuit not then 
at all attended to in this country, was his particular relief from: 
other studies ; for even during his recreation, he was‘ever on the 
look-out for something new or instructing in mineralogy. 

Dr. Romayne being about visiting Europe, young Bruce pur- 
sued his aoe a with Samuel Bard, M.D. ; and having attended 
the usual courses in Colunibia College, he left the United States 
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for Europe in 1798, and in 1800 he obtained the degree of Doctor 
in Medicine from the University of Edinburgh, after defending 
a Thesis, De Variola Vaccina. 

Having now finished his medical studies, he was prepared to 
- visit the continent of Europe with peculiar advantage ; for his 
continued attachment to mineralogy, a liberal distribution of 
American specimens, then comparatively new in Europe, and his 
social habits and dispositions, which were very conciliating, 
secured him the best introductions from Edinburgh, and laid the 
foundation of permanent friendships. 

During a tour of two years, he visited France, Switzerland, 
and Italy ; and collected a mineralogical cabinet of great value 
and extent. After his return to England, he married in London, 
and came out to New York in the autumn of 1803, to enter on 
the active duties of a practitioner of medicine. 

Previous to the year 1805, the practice of physic in the state 
of New York was regulated by no public authority, and of course 
was not in the happiest condition to promote the respectability 
and usefulness of the profession. To remove as far as possible 
the existing inconveniences, Dr. Bruce became an active agent, 
and in conjunction with Dr. Romayne and other medical gentle- 
men of New York, succeeded in establishing the state and county 
medical societies, under the sanction of the state legislature. 
This act “ may be considered among the first efforts made in 
this country to reduce medicine to a regular science, by invest- 
ing the privileges of medical men in the body of the members of 
the profession.” : : 

In the organization of the College of Physicians and Surgeons 
of the state of New York, Dr. Bruce and Dr. Romayne were 
eminently active ; and by their united exertion and perseverance 
(opposed by much professional talent) they obtained a charter 
from the regents. In this new institution, as professor of the 
materia medica, and of his favourite pursuit mineralogy, he exhi- 
bited the fruits of arduous study, with a dignity of character, 
and urbanity of manner, which commanded the respect of the 
profession, and the regard of the students. 

The ruling passion in Dr. Bruce’s mind was a love of natural 
science, and especially of mineralogy. Towards the study of 
this science, he produced in his own country a strong impulse, 
and he gave it no small degree of eclat. His cabinet, composed 
of very select and well characterized specimens ; purchased by 
himself, or collected in his own pedestrian and other tours in 
Europe, or, in many instances, presented to him by distin-- 
guished mineralogists abroad; and both in its extent, and in 
relation to the then state of this country, very valuable, soon 
became an object of much attention. That of the late B. D. Per- 
kins, which, at about the same time, had been formed by 

_ Mr. Perkins in Europe, and imported by him into this country, 
was also placed in New York ; and both cabinets (for both were 

A2 
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freely shown to the curious, by their liberal and courteous pro- 
prietors) contributed more than any causes had ever done before, 

to excite in the public mind an active interest in the science of 
mineralogy.* 

Dr. Bruce, while abroad, had been personally and intimately 
conversant with the Hon. Mr. Greville, of Paddington Green, 

near London, a descendant of the noble house of Warwick, the 
possessor of one of the finest private cabinets in Europe, and a 
zealous cultivator of mineralogy. Count Bournon, one of those 
loyal French exiles, who found a home in England, during the 
storm of the French revolution, was almost domesticated at Mr. 
Greville’s, and was hardly second to any man in mineralogical, 
and particularly in crystallographical knowledge. His connex- 
ions with men of science on the continent were of the first order, 
and to be familiar at Mr. Greyille’s, and with Count Bournon, 
was to have access to every thing connected with science in 
England and France. Dr. Bruce was also at home at Sir 
Joseph Banks’s, the common resort of learned and illustrious 
men. Thus he enjoyed every advantage in England; and when 
he went to the continent, the abundant means of introduction 
which he possessed brought him into contact with the distin- 
guished men of Paris, and of other cities which he visited. The 
learned and estimable Abbé Haiiy was among his personal 
friends and correspondents ; and many others might be men- 
tioned in the same character, whose names are among the first in 
the ranks of science, in various countries of Europe. 

Returned to his own country, after being so long familiar with 
the fine collections in natural history, and especially in minera- 
logy, in various countries in Europe, Dr. Bruce manifested a 
strong desire to aid in bringing to light the neglected mineral 
treasures of the United States. He soon became a focus of 
information on these subjects. Specimens were sent to him 
from many and distant parts of the country, both as donations, 
and for his opinion respecting theirnature. In relation to mine- 
ralogy, he conversed, he corresponded extensively, both with 
Europe and America; he performed mineralogical tours; he 
kindly sought out and encouraged the young mineralogists of his 
own country, and often expressed a wish to see a journal of 
American mineralogy upon the plan of that of the School of Mines 
at Paris. This object, it is well known, he accomplished ; and 
in 1810, published the first number of this work. Owing to 
extraneous causes, it was never carried beyond one volume; but 
it demonstrated the possibility of sustaining such a work in the 
United States, and will always be mentioned in the history of 

* The collection of Mr. Perkins became in 1807 (partly by the liberality of its 
possessor, and partly by purchase) the property of Yale College, and is now in 
the cabinet of that institution, It is believed that few cabinets of equal extent 
ever contained more instructive and beautiful specimens, with less that is unmean- 
ing or superfluous, The cabinet of Dr. Bruce has, sincebis death, been purchased 
hy a gentleman in New York for 5000 dollars.—Dr, Srtrman. 
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American science as the earliest original purely scientific journal 
of America. 

Dr. Bruce had, in a high degree, the feelings of a man of 
science. He was ever forward to promote its interests, and both 
at home and abroad was considered as one of its most distin- 
guished American friends. 

Many strangers of distinction came introduced to him, and 
his urbanity and hospitality rarely left him without guests at his 
board. During the latter part of his life, he seems to have been 
Jess interested in science. His journal had been so long sus- 
pended, that it was considered as virtually relinquished; his 
health was undermined by repeated attacks of illness; and 
science and society had to lament his sudden departure, when 
he had scarcely attained the meridian of life. 

He died in his native place on Feb. 22, 1818, of an apoplexy, 
in the 41st year of his age. 

ARTICLE II. 

On Heat and Climate.* By John Leslie, Esq. Professor of 
Mathematics in the University of Edinburgh. 

Tue word heat is of ambiguous import, and signifies either a 
certain sensation, or the external cause of that sensation. In 
this latter sense, considered as an attribute or accident of matter, 
heat forms an interesting subject of physical mquiry. Curiosity 
prompts us to consider i what its nature consists. Is it a state 
or condition of bodies, or is it a peculiar substance which, by its 
union with them, communicates certain properties ? Some philo- 
sophers hold it to consist in the intestine motion of particles, 
and allege, in confirmation of their doctrine, that it is always 
excited by percussion. The chemists, on the other hand, have 
inclined to the supposition of an igneous fluid, and their opinion 
is now almost universally adopted. The former hypothesis 
indeed can hardly furnish any solid argument in its support. 
When a ball is struck, the tremor soon grows languid, and dies 

* This early performance was read at two several meetings of the Royal Society 
of London, as far back as February or March, 1793. It was not, however, ad- 
mitted into the Transactions of that learned body, but retained and deposited in 
their archives. Fortunately I had preserved some notes, from which I was enabled 
soon after to complete the copy ; and at the distance of twenty-six years, [am now 
induced to draw the paper from oblivion, and to communicate it to the public 
through the independent medium of a respectable philosophical journal, With 
all its imperfections, the essay will be found to contain not only the rudiments of 
my subsequent researches, but to open some original views which, even in the 
present state of science, must, unless I am greatly mistaken, be deemed new. It 
will besides ascertain the priority of certain discoveries with the history of which 
the public is unacquainted, I have, therefore, printed the text exactly as it stood, 
and only subjoined a few remarks and corrections, —AUTHOR, 
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away; and, for the same reason, if heat consisted in intestine 
motion, it would quickly disappear. But this conclusion is 
‘belied by fact. Heat in no case suffers any destruction ; it is 
only transferred to other bodies, and gradually diffused through 

the general system; and could any substance be completely 
detached from other matter, there is the strongest reason to 

ibelieve that it would for ever retain the same temperature. The 
communication of heat in rarified air becomes sensibly dimi- 
nished ; and in the imperfect vacuums which we are able to pro- 
duce, the difference is very remarkable. It is highly probable, 
therefore, that if the air in which a body is immersed were 
et asia abstracted, there could be no diffusion whatever of 

eat. 
Language was formed to express human sentiment and feel- 

ings; and all the epithets which it employs refer to our own 
frame and constitution as the standard of comparison. Such 
are the terms heat and cold, which, though opposed to each 
other in common discourse, denote the impressions that may 
originate from the same cause, only varying in intensity. Had 
the vital functions been maintained at a much lower temperature, 
many objects at present denominated co/d would have received 
the appellation of hot. If heat then be material, the term cold 
may be omitted altogether in philosophical discourse ; and the 
various temperatures which substances exhibit may be asgribed 
to the different proportions which they contain of the igneous 
fluid. But the question occurs, what is this igneous fluid ? Is it of 
a specific and unalterable nature, incapable of being invested with 
vany other form? Or, since it evidently has some relation to light, 
is it a modification of this subtle matter? The former is the 
opinion generally received, but it is contrary to analogy. Every 
substance with which we are acquainted is susceptible of various 
aspects and combinations. 

Heat, then, is manifestly allied to light. Is it a modification 
of that fluid, or is it not the same matter, only in a state of 
combination with other bodies? The latter hypothesis is 
recommended by its simplicity, which is the great object of 
hilosophical research. Nature herself courts simplicity, and 

her boundless extent of operations result from the application 
of only a few general laws. ‘That quality affords hkewise a 
strong presumption of the truth of an hypothesis; for the 
difficulty of preserving simplicity increases in proportion to 
this quality itself of the structure, since the possible chances 
of combination are thus abridged. The arguments which 
may be brought to prove that heat is only light in a state of 
union with bodies are solid and conclusive. If a black body 
be exposed to the sun’s rays, the incident light is no longer 
recognized by ‘the senses ; but it cannot suffer annihilation ; it, 
therefore, unites with the body, and heat ensues. The rate too 
with which the heat accumulates is exactly proportional to the 

4 



1819.] Prof. Leslie on Heat and Climate. v] 
intensity of the incident light. If the initial effect, for instance, 
of the sun’s rays on the blackened bulb of a thermometer be 
diminished one-tenth by the interposition of a bit of plate-glass, 
that reduced quantity will also lose a tenth by the addition of 
another bit of the same glass ; and thus, by continuing the appli- 
cation of the transparent plates, the changes produced upon the 
thermometer will form a descending geometrical progression. 
The same consequences will follow if the light, previous to its 
falling upon the bulb of the thermometer, be repeatedly reflected 
from mirrors. I find likewise that the intensity of the rays 
emitted from the sun at different altitudes as indicated by the 
thermometer, corresponds precisely with the quantities formerly 
assigned by the ingenious M. Bouguer from very different prin- 
ciples. If heat then accompanies invariably the absorption of 
light, and is proportional to the quantity absorbed, what more is 
requisite to establish their identity. 

f the blackened bulb of a thermometer be inclosed by a slow 
conducting substance with a front of glass or mica, and held per- 
pendicularly to a sun-beam, the mercury will rise at first with a 
regular and uniform motion. The celerity of ascent, however, 
soon begins to deviate from equability, and will by successive 
diminutions at last disappear. But it is easy to account for these 
anomalies. After the bulb of the thermometer is sensibly 
affected by the solar rays, the contiguous air also becomes 
warm by communication, and flows from that bulb towards 
the case or including substance ; a circulation is thereby pro- 
duced, and the rapidity with which the heat is conducted off 
is proportional to the increase of temperature in the bulb itself. 
While the accumulation of heat, therefore, is perfectly: equable, 
its dissipation continually augments, till these opposite causes 
come to balance each other, and then the mercury will remain 
stationary at its extreme height. The imitial change on the 
thermometer is in every case the only certain and accurate 
measure of the communication of heat.* 

The rays of the sun collected in the focus of a powerful 
burning lens or mirror are able to fuse, and even to volatilize, the 
metals, and the most refractory and opaque stones ; yet they 
produce no remarkable effect on glass and pellucid crystals, and 
still less on water. These experiments evince that the heat is 
not excited by the impulse of the light, but is communicated 
merely by absorption. In the case of the opaque bodies, the 
influence of the incident beam being confined almost to the sur- 
face, the heat accumulates there with vast rapidity, which is not 
sensibly diminished by the subsequent transfusion through the 
internal mass or by dissipation in the air. A part only of the light 
which falls on pellucid substances is absorbed in its passage, and 

* I did not then suspect that [ should afterwards invent so delicate an instru- 
ment asthe Photomcter.—A., 
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that quantity is greatly attenuated by the extent through which it 
is spread. ‘he accumulation of heat, therefore, in a given portion 
of the mass, being on both accounts so slow, will soon be coun- 
terbalanced by the dissipation that ensues. Several causes con- 
cur to diminish the effect in water. The absorption of light is 
extremely small in that fluid, and the heated portions dilating 
rise continually to the surface and produce a general circulation ; 
so that the heat is quickly diffused through the whole. If the 
water exposes a surface equal to that of the lens or mirror, it 
will be less heated than if set directly in the sun. 

It has often been objected to the theory of the identity of light 
and heat, that the moon’s rays collected in the focus of a power- 
ful burning glass produce no sensible effect on the bulb of a 
thermometer. But if we consider that her light is 300,000 times 
weaker than that of the sun, we shall not be surprised that it has 
not been detected by the rude experiments hitherto made. I 
have no doubt, however, that the quantity might be ascertained, 
if an exceeding nice thermometer were provided, capable of 
bearing divisions to the ;4,th part of a degree, and the bulb 
inclosed within a glass vessel from which the air is exhausted as 
much as possible. 

It has been urged by some, that light and heat are distinct 
fluids, but so related that the presence of the one occasions-the 
extrication of the other, because the former passes freely through 
transparent substances, which the latter does not. Thus the 
image of the fire in the focus of a lens produces no alteration 
whatever on the thermometer, but in that of a concave mirror it 
has a very sensible effect, which, however, would be prevented 
by interposing a bit of glass. We must remark that the heat of 
the fire is derived from two causes ; from the light emitted, and 
from the warm air which flows on all sides from the vicinity of 
the live coal. Bodies placed extremely near the fire are sensibly 
affected by the light only, as appears from an experiment of my 
worthy friend Mr. T. Wedgwood ; but at a considerable distance 
the influence of the light may be totally disregarded. It is easy 
to see that a concave mirror will throw back the streams of heated 
air towards its focus, while a lens will completely stop their 
progress. For the same reason, hardness and polish are not 
necessary to the reflector, and a wooden bowl will produce the 
same effect. Even a slender netting composed of numerous 
meshes will prevent in a great measure the communication of 
heat by opposing a considerable resistance to the passage of the 
warm air; and, from the same principle, if a circular hole, not 
exceeding an inch in diameter, be cut in a fire-screen, a thermo- 
meter placed a little behind the aperture will scarcely be affected. 
if a hot body be placed in one of the conjugate foci of two con- 
cave mirrors, the air which flows from it upon the nearer mirror 

“will be thrown towards the more remote, and thence reflected to 
6 
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the other focus. The experiment will succeed though the 
mirrors have not a finished surface.* It is only necessary that 
they be pretty near each other, that their concavities be suited 
to the position of their foci, and that the apartment be kept still 
and undisturbed. If a cold body be held in one of the foci, a 
thermometer will sink in the other; and this fact has been 
alleged as a proof, that cold, as well as heat, is a positive quality. 
But there is no occasion to have recourse to such an hypothesis, 
since the body wiil evidently be environed by a chill atmosphere, 
which will afford a constant aerial efflux. From these principles 
we may gather, that the conducting quality of air is not propor- 
tioned to its density; for though a greater number of particles 
come in contact with the heated body at one time, their succes- 
sion is slower by reason of the diminished volubility of the fluid. 

These general observations prepare us for a closer investigation 
of the nature, properties, and effects, of heat. I am aware of 
the difficulties to be encountered in the attempt, and of the 
temerity of searching into the constitution of matter. The 
magnificent spectacle of the celestial bodies invites our atten- 
tion; and the application cf the simple laws, to which their 
motions conform, affords the finest and most satisfactory exer- 
cise of the understanding. But in the elemental structure of the 
universe, nature seems wrapped in impenetrable secrecy. Allis 
dark and forbidding, and to obtain even a glimpse of her 
abstruser operations would prove highly gratifying to a liberal 
mind. 

It is‘an obvious remark that no substance in nature is ever 
permanent. Matter assumes an infinite variety of forms. Water 
changes into ice, and hail, and snow, as well as into invisible 
steam. The metals liquefy and rise into vapour; nor are the 
hardest rocks exempted from similar alterations in their consti- 
tution. Composition and dissolution form the whole of the 
science of chemistry. But the powers of nature are incompara- 
bly superior to the resources of art. Water and air alone are 
found in many cases to be sufficient for the growth and support 
of animals and vegetables. Yet how astonishing the variety of 
substances developed in plants ? They are composed of charcoal, 
the primitive earths, several kinds of salts, gums, resins, oils ; 
and, what is still more remarkable, they contain a portion ofiron,. 
manganese, and gold. The products of the animal kingdom are 
even more complicated, and thus the apparently simple sub- 
stances, water and air, are, by a change of combinations, ex- 
hibited in an almost endless variety of forms. Nor can we hesitate 
to infer that any one substance may be converted into any other, 
though it may exceed our limited powers to produce the change. 

* It will now be perceived that some of these assertions are unguarded and in- 
accurate. But my attempts afterwards to reduce them to experimental proof led 
to most of the discoveries explained in the ‘Inquiry into the Natare and Propa- 
gation of Heat.”—A, 
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All matter is, therefore, essentially the same; and the sublime 

scene of the universe owes all its splendour and beauty merely 
to the variety of its composition. We behold asystem of perpe- 
tual fluctuation. The materials remain indeed unaltered, but 
nature labours incessantly to demolish and to repair her stupen- 
dous fabric. ' 

All bodies are compressible, and the only difference is, that 
some are more affected by the application of the same force than 
others. Were human power unlimited, there would likewise be 
no bounds to the condensation which we could produce. Hence 
we may infer that matter consists of particles placed at certain 
distances from each other. But bodies, whether compressed or 
dilated, endeavour to recover their constitution, and therefore 
their particles must occupy the limits between attraction and 
repulsion. Bodies are also susceptible of various constitutions, 
which proves that there are many quiescent or neutral positions. 

It follows consequently, that the particles of matter are endued 
with certain attractive and repulsive powers, which run into each 
other, and vary with the distance according to some law. The 
action upon a remote object is attractive ; and as, in this case, 
the exertion of all the particles may be reckoned equal, the joint 
effect will be proportional to their number. Hence it is that, 

_ whatever changes a body may undergo in its structure and par- 
ticular properties, its weight will continue invariably the same. 
On the other hand, when the distance between the particles is 
extremely diminished, their mutual action must be repulsive, 
else the universe would in time be collected into a single point. 
If these elementary particles had any magnitude, their opposite 
sides would exert a prodigious repulsion against each other, 
and occasion a perpetual subdivision and dispersion. We are 
obligad therefore to admit, that they are only mathematical 
points, to which certain powers are directed. In short, the ex- 
ternal world has a real existence, which yet consists in mere forces 
and /oci.* Such is the substance of the ingenious and profound 
theory of the late Abbé Boscovich. Some of the conclusions 
will perhaps be deemed paradoxical; but such is the fate of all 
our inquiries into the intimate essence of matter. And these 
difficulties arise from the superficial, inaccurate notions adopted 
in common life, which unfit us in a great measure for high ab- 
straction. A mature reflection will convince us of the solidity 
as well as beauty of the system. 

Whether the particles of light are the primeval points, or 
simple combinations of them, | shall not venture to decide. It 
appears sufficiently from the experiments on inflection, and 
those with thin plates, that, in approaching other substances, 

» A physical particle is only a cluster of primwyal points, whose attractions 
and repulsions, sometimes conspiring, and sometimes counteracting each other, will 
form a compound action varying extremely according to the figure of the arrange- 
ment. Hence the prodigious diversity in the properties of bodies. 
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their .repulsions and attractions repeatedly fluctuate. But at ex- 
ceedingly small distances, the action of hight is uniformly attrac- 
tive, as appears from its refraction. If the luminous particles in 
their passage through a body be acted upon equally on every 
side, their motion will not be affected: on the contrary, if they 
happen to encroach within the limit due to any cluster of points, 
their progress will, according to the degree of its proximity, be 
either deranged or totally stopped. Hence the dispersion of light 
observed both in mirrors and lenses, and hence too the diminu- 
tion of its imtensity occasioned by absorption. . The distinction 
of bodies into transparent and opaque is not founded in nature. 
As no substance is perfectly transparent, so none is periectly 
opaque ; and the extremes are connected by an extensive inter- 
mediate series. In the case of exceedingly thin plates, we are 

~ obliged to admit the truth of the general proposition ; but, in 
thick masses, the quantity of light transmitted is so extremely 
minute as to make no sensible impression on our organ of sight. 
In short, bodies approach to opacity, in proportion to their den- 
sity, and the irregularity of their constitution. 

iihieucues a body has a redundant quantity of heat, it makes 
a copious emission of light; which implies that there subsists 
between the particles of this fluid a certain repulsion, propor- 
tional most probably to the reciprocal of their distance. Such 
at least is the conclusion into which we are drawn by the 
analogy of the aeriform fluids. In these, however, the sphere of 
repulsion has some palpable extent, and the joint actions of all 
the included particles constitute the elasticity, which must be 
a ate to the number of similar forces, or to the density. 
But in the case of light, the repulsion most probably is confined 
to the adjacent particles: for the plane surface of a luminous body 
emits rays equally in every direction,* nor is there any alteration 
in this respect occasioned by giving a high polish ; a certain 
proof that the limit of the repulsion between the particles of 
light is incomparably nearer than that at which they are re- 
flected froma mirror. A similar inference might be drawn from 
the perfection of optical instruments, which could not have been 
the case if the repulsion of the rays had any considerable extent. 
The particles of light, however, must be vastly more distant 
from: each other than those of other matter, since no increase of 
een has ever been observed to accompany the addition of 
eat. 
The particles of light combined with a body endeavour to 

distend, but are confined by the attraction of the other matter. 
Upon every accession of heat, the particles of light must ap- 
ee towards each other, and towards those of the body s 
oth the repulsions, therefore, and the attractions, will receive 

an augmentation, attended with a general expansion. If the 
increase of the attraction of the luminous particles to the ad- 

* Ihave since proved that the intensity of the light or heat emitted from any surface is proportional to the sine of the inclination, —A. 
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jacent matter arising from approximation observed the same pro-. 
portion with their repulsion, a body would be capable of imbib- 
mg any quantity of heat, without emitting it in the form of 

fight. But after a certain accumulation of heat, the balance is 

destroyed; and as nature admits only gentle transitions, we 

may reasonably conclude, that the attractive power increases 

regularly at a slower rate than the repulsive. The attraction of 
the particles of matter to each other, which is the third force 
necessary to the general quiescence, appears in all ordinary 
cases to be exactly proportional to the quantity of dilation: for 
a solid body yields the same musical note with whatever violence 
it is struck ; this is likewise true of air, and other similar fluids, 
and is the principle of wind instruments; and the experiments 
performed in the receiver of an air-pump evince that the expan- 
sion of water and other fluids corresponds precisely to the pres- 
sure removed. The distention of a body being the measure of 
the mutual attraction of the particles of matter, is a certain 
proof that the combined light is in a condensed state. But this 
distention will not be the same in all bodies, since the attrac- 
tion occasioned by a certain derangement differs in each. 
Even, in the same body, equal additions of heat applied suc- 
eessively will not produce uniform expansions, which must have 
been the case if the attraction of the luminous particles to 
matter increased at the same rate with their mutual repulsion ; 
but as the latter force begins to exceed the former, it occa- 
sions a further dilatation. We may, therefore, state it as a gene- 
ral principle, that the expansions produced by equal accessions 
of heat, form a rising progression. Mercury discovers this pro- 
perty ; spirits of wine indicate it in a more remarkable degree ; 
and the expansions of water between the freezing and boiling 
points correspond to the series of square numbers. It is true 
that equal increments in the longitudinal dimensions would be 
attended with progressive augmentations of volume: thus the 
differences of the cubes of 10, 11, 12, 13, &c. are the numbers 
331, 397, 469, &c. But this consideration is insufficient for 
the great anomalies observed. The above principle will explain 
other facts that appear to have no immediate dependance on 
it. The contraction, for instance, which a given pressure 
produces on cold water is greater than that on warm; inso- 
much that the effects at the temperatures of 45° and 65°, I 
find to be nearly in the proportion of 4 to 3. The reason 
seems to be this:—In the accumulate state of the igneous 
fluid, a certain condensation occasions a considerable excess 
of the repulsive above the attractive powers, and thence arises 
a dilatation which diminishes the equal contraction that other- 
wise would take place. 

Our views lead also to another curious inference, namely, 
that a body which emits light copiously is in its state of the 
utmost distention. Hence this emission will not be conjoined 
with the same temperature in all bodies; the more dilatable 
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fluids in particular will admit of being heated to a very high de- 
gree, which corresponds with experiment: Every substance 
most probably contains the due mixture of the coloured particles 
of light, but the attraction’ of the more refrangible seems to de- 
viate sooner from the mutual repulsion. It is thus that, in the 

. progress of heating, bodies in general assume successively the 
tints of red, orange, yellow, and white; the emission consisting 
at first of the most refrangible rays, and afterwards including 
gradually a mixture of the others. 

If two portions of a body be heated unequally, the luminous 
particles on the confines will flow from the redundant fluid by 
the operation of two causes; the excess of the mutual repulsion 
on the one hand, and the excess of the attraction of the cold 
matter, arising from the greater density on the other. But the 
celerity with which the equilibrium is restored must depend on 
a variety of peculiar circumstances ; such as the difference of 
temperature, the extent of the body, and the figure, arrange- 
ment, and interval of its integrant particles. In fluids the dif- 
fusion of heat is in general quicker and more uniform; because 
the irregular density of the mass occasions an intestine motion. 
If a part of a body be compressed, the contained particles of 
light will approach each other, and likewise the rest of the 
matter. But the attraction, as we have seen, increases at a 
slower rate than the repulsion; wherefore some of the light will 
ass into the other part of the body, which is in the natural state. 
his principle affords a satisfactory explanation of the heat 

extricated by percussion and friction. Thus, when I strike 
two stones against each other, a certain condensation is 
produced in both at the points of collision, and heat flows 
ito the interior mass. But, recoiling like a spring, they 
presently acquire dilatation equal to their former compression ; 
the parts struck are now disposed to imbibe more heat than 
at first, and this is supptied from all the contiguous matter, 
especially from the air. By repeated percussion, the stones 
in this manner receive continual accessions of heat, which, 
though separately small, amount by their number to a very 
considerable quantity. In the case of friction, the pressure 
is successively applied to different points of the surface, so 
that the sources of heat are multiplied. The same explana- 
tion may be extended to all hard bodies. Even fluids may ac- 
quire some heat if their surface be violently agitated ; and hence 
the foundation of the ancient remark, that the sea is sensibly 
warmer after the fever of a storm.* 

But there are many substances capable of receiving a per- 

* This explication of the heat occasioned by friction issubtle, and could not 
easily be brought to the test ofexperiment. If the seabe generally warmer after a 
storm, this must be owing to the heat then communicated to the superficial water 
from the atmosphere, which has Tegained its temperature, after the depression, 
during rain.—A. 
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manent condensation. Clay, for instance, is brought imto that 
state by burning, and the metals by hammering. By this 
change of constitution, these bodies are rendered incapable of 
retaining their natural share of heat. The particles of this fluid 
have their attraction to the matter increased, but not in an- 
equal degree to that of their mutual repulsion. The relative 
proportion of these forces, which may be called the specific at- 
traction for heat, will, therefore, determine the quantities of 
that fluid contained in equal communicating masses; and an 
equilibrium of temperature will obtain whenever the quantities 
are as the specific attractions. The term capacity has been 
employed to express the same property of bodies, but the idea 
which it naturally suggests is perhaps inadequate. 

This train of speculations leads to a curious and important 
fact, which is, that, if substances be ranged according to their 
densities, their specific attractions for heat will im general 
follow the inverted order. Thus when the temperatures are 
alike, hydrogenous gas contains more heat than atmospheric 
air, and both these fluids more than water* ; the quantity is still 
smaller in the earths and stones, and very minute in the metals : 
even among these the same principle may nearly be traced ; 
there is a greater specific attraction in iron than in tin, in tin 
than in lead, in lead than in mercury, and the oxides bear a 
similar relation to their metals. There are a few exceptions, 
however, to the general principle ; ice, for instance, has a smaller 
specific attraction than water, and mercury than gold. Nor is 
this to be wondered at ; for though the condensation of matter’ 
tends to diminish that force, yet, as it results from the joint 
action of all the elementary points, it must likewise be affected 
by a change in their arrangement and constitution. If the pe- 
culiar properties of a substance be not altered, the general prin-: 
ciple will invariably apply. Hence, the specific attraction of any 
body for heat must perpetually fluctuate according to the de-- 
gree of dilatation arising from whatever cause. This fluctuation 
is In most cases inconsiderable, yet appears to be one of the 
chief sources of error in the solution of the curious problem of 
finding the thermometric zero. 

No substance more easily receives a change of volume than 
air; and its specific attraction for heat may, therefore, be pre- 
sumed to be liable to great alterations. But to determine these 
with accuracy is a very difficult investigation. 
-The most obvious plan would be this : suspend in the receiver 

* Such was the opinion which then prevailed, Dr. Crawford having reckoned 
the capacity of air near double that of water. But my hygrometrical researches, 
some years afterwards, convinced me that it is six times less, not exceeding three- 
tenth parts of the capacity of waler.—A. 

+ We may remark by the way that the principles already investigated show 
that light is emitted with equal velocity from all luminous bodies; a fact which 
theory might deduce from the common observation, that the rays of the same 
species, from whatever object they are transmitted, suffer equal refractions on en= 
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of an air-pump a fine loose bag of silk, including the bulb of a 
delicate thermometer. When the air contained within the re- 
ceiver is partly exhausted, the bag will become distended, and, 
after some time, its rarefied air will attain the temperature of the 
room. If the cock be now opened, the bag will collapse, and 
the included air, suffering a diminution of its attraction for heat, 
will indicate a high temperature. But before the external air is 
completely admitted, or the thermometer has acquired its just’ 
temperature, a great part of the heat extricated is lost on the 
bag, or conducted off through its substance. As these circum= 
stances are accidental and irregular, the rise of the thermometer 
will indicate not the exact change of the air’s temperature, nor 
even the proportional change. I! had, therefore, recourse to a 
different method for the‘solution of this interesting problem. I 
reflected that, if warm air be admitted into a glass vessel, the 
internal surface will almost instantly be heated, and the air 
cooled down to the same standard. The subsequent cooling is 
extremely slow, for the rate at which the heat is communicated 
is inversely as the depth it has penetrated into the glass, which 
is besides a very bad conductor. But as the surface of the 
vessel and its contents are constant, the excess of temperature 
retained by the air after admission will in every case bear the 
same ratio to what it possessed previously. {I suspended an 
exceedingly delicate thermometer in a large receiver 900 cubic 
inches in capacity, and extracted one-fifth of the contained air : 
after the general temperature was exactly diffused, I suddenly 
admitted the external air, and observed the mercury of the ther- 

tering the same medium, and consequently produce perfect vision. As during the 
emission of light from a body each particle is succeeded by another, it will be ex- . 
posed during the imperceptible interval of space to the general repulsion of the 
combined luminous fluid. Let A be situated on the surface of the body, and B at 

that of the fluid, which will protrude a little farther; let B C denote the mutual 
distance between the particles of the fluid, B E the general repulsion, and the 
ordinates G F, I K the attractions of the body at the distances A F, A D, and sup-. 
pose the curve to coincide with the straight line A C, which appears very proba- 
ble. Then, ifby any cause, theattraction B E is in the smallest degree diminished, 
or the repulsion B E increased, the particles will be propelled, and will after- 
wards be carried forwards by the excesses G H, and L K of the repulsive above 
the attractive forces. Hence, from the principles of dynamics, the square of the 
final velocity will be as the curve space E D C K G. 

But the curve is given in species, and consequently proportional to the circum- 
scribing rectangle B E DC, which is given in magnitude, since the repulsion B E 
is inversely as the distance of the particles of the fluid BC, Wherefore the final 
velocity will in every case be the same. 
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mometer to rise with great rapidity 3°1°, where it remained sta- 
tionary some seconds, and then very slowly subsided. The same 
experiment was performed on air three-fifths, two-fifths, and one- 
fifth of the common density, and the excess of temperature was 
found to be 5°6°, 7°7°, and 9:4°. After the air was much ex- 
hausted, the quantity of rise hardly varied at all, so that it was 
easy to fix the extreme point at 10°7°. All these experiments 
were repeated at least twice with scrupulous attention. The 
above numbers do not, however, express the proportional in- 
crease of temperature of the rarefied air. The excess is not 3:19, 
for example, in air of four-fifths the usual density, but x 3:1°= 
3°9° ; because the heat contained in four parts of air is diffused 
through five. In the same manner the computation may be 
made for the other cases. The annexed table exhibits the ge- 
neral results : 

Density. Rise of Temperature. 

Bour=tftlie. cathe dy die dalsia tical eee 
Threesfifths «5 sc. eee oar oie 
Pwochiths. is. achh.. ae eehews obec e 19-7 
Capable 3. )20 sis din Rielle tore Gita fe iwlsi BED 
Mdaalaitionss. we). Ren ayatonisehe atten 2h Infinite 

The intermediate quantities might be found by interpo- 
lation; but it will be more convenient to obtain a general 
formula. For this purpose we shall recur to the former 
numbers. Divide the straight line A F into five equal parts 
in the points B, C, D, and E, erect the perpendiculars B G, 
CH, DI, EK, and F L, equal to 3°1°, 5:6°, 7:79, 9:4°, and 
10°7°, and trace a curve through their extremities. Thenif A F 

eB ae 

denotes the ordinary density, and O F any other density, the 
ordinate O P will express the number corresponding to the 
latter. But the differences between the equidistant ordinates are 
2-5°, 2°1°, 1°79, and 1:3°, forming a descending arithmetical pro- 
gression, of which the last term is half the first. Hence, 
producing the absciss till A F = F M, these differences will be 
as the distances from M. Put AO =a, and O P= y, and 
suppose these finite differences to be proportional to the fluxions 
of the ordinates, which will be very nearly true. Then j= 
(2 — x) #, andy =2x—42*. Butwheny = 1, ¢ = 10:7°; 
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whence y = (27 — 12%) ils = (x — 1 2*) 14:27°. This quan- 

tity must be augmented in the ratio of A F to O F, in order to 
find the proportional excess of temperature, whichis, therefore, 
= 14-97 (2222 = 14-27 (==**). | 
To ascertain the actual quantities, which is a most important 

point, I took another glass receiver, whose capacity was one- 
third of that of the former, and its surface 22ths, allowing for 
that of the circular pieces of leather on which it stood. The 
utmostrise of the included thermometer was observed to approach 
to 7-5°, and the other ascents were proportional to the numbers 
already discovered. But the quantity of heat lost on the glass 
will depend on the extent of surface compared with the capacity 
of the receiver. In the present instance, the effects would have 
been the same in receivers of equal capacity, but whose surfaces 
were as 27 to 40. The heat communicated to the surfaces is, 
therefore, as 27 x 10:7 to 40 x 7:5, or as 288-9 to 300. Hence 
as 300 — 288-9 is to 288-9, so is the difference between the heat 
lost on the glass in the two cases, or 10°7° — 7:5°, to 83°3°, the 
heat lost on the smaller surface, or on the large receiver. 
Whence the whole heat extricated was 94°. Augmenting, there- 
fore, the preceding formula in the ratio of 94° to 10°7°, we 

obtain 125 x (=) for the decrease of temperature arising 
from a diminution 2 of the air’s density. If xbe made negative, 

125 x ( > +") will denote the augmentation of temperature due 

to an increase w of density.* 
This last formula affords a satisfactory explanation of several 

curious phenomena. If I blow with a common bellows against 
the bulb of a thermometer, the mercury will rise three or four 
degrees ; because the air striking forcibly is suddenly condensed 
and its temperature elevated. But the effect must be precisely 
the same whetherabodyis exposed to astream ofair, or is carried 
with equal celerity through the still atmosphere. To verify this 
position, I took an hollow brass ball about an inch and half in 
diameter, and filled the cavity with mercury, having previousl 
rubbed the inside with oil to prevent the action of this metal. 
I then fastened a string of a convenient length to the ball, and 

* I have since carefully repeated this experiment on a much larger scale, and 
with an air-pump of the best construction. The results are somewhat different and 
much simpler. If dexpress the density of air, while that of the common standard 

‘ d 
is denoted by unit, the corresponding difference of temperature is 45° (5 - a) 

Pig 
on Fahrenheit’s scale ; or putting = 1 — d, the formula becomes 45° x G :) 

in which, chiefly, the coefficient is altered. See the article Crimare in the Supple- 
ment to the Encyclopedia Britannica,—A, 

Vor. XIV. N°T. B 
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whirled it some minutes about my head. In one experiment, the 
contained mercury was heated to 21°, and in another 3°. The 
ancients were well acquainted with this fact, but exaggerated it 
so much, that the moderns have treated the whole as a fiction. 
The Babylonians are said by Suidas * to have roasted eggs by 
whirling them in slings ; and Virgil, with the licence of a poet, 
represents a leaden ball as melted by the violence of the throw : 

Et media adversi liquefacto tempora plumbo, 
Diffidit, ac multa porrectum extendit arena, 

fin, ix, 588. 

The work of Lucretius is didactic, and may, therefore, be 
presumed to adhere closer to truth; yet this author attempts to 
explain the origin of thunder from the principle alluded to, which 
he cites as a fact well known and established : 

Mobilitate sua fervescit; ut omnia motu 
Percalefacta vides ardescere 

But unfortunately he is led by a hasty analogy into a false 
conclusion : 

—_——___-—— p]umbea vero 
Glans etiam longo cursu volvenda liquescit. Liv, vi. 179. 

This last clause suggests the way in which this curious conse- 
quence was drawn by the ancients. The slingers usually threw 
leaden bullets, which, being sometimes picked up immediately 
in order to be returned by their antagonists, would give a sensa- 
tion of heat. Perhaps an opinion which, in a certain degree, 
is true, that the heat acquired is proportional to the length of 
the track, was the source of the hyperboles which cloud the 
subject. 

But to estimate the precise effects, it will be necessary to 
bestow a closer attention. The density of the air at the surface 
of the earth is on an average equal to what would be produced 
by the pressure of a column of air 28,000 feet high, and of the 
same uniform density. Hence it may be computed that the 
compression of a whole atmosphere would project the aerial 
particles with the velocity of 1340 feet in a second. In other 
cases, the velocity of the stream will be in the subduplicate ratio 
of the difference of density. By reversing the supposition, we 
may conclude that when a flat body is carried directly through 
the atmosphere with the celerity of 500 feet in a second, the 
stratum of air on its anterior surface will suffer a condensation 

equal to ( 00 or +1391. Consequently-the temperature of this 1340 

portion of the fluid must be augmented by 125° x -1391 (ae ‘ 

or about 16°. The velocity just stated may be produced by an 

* PFoce I] seidweiltc, 
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expert slinger. If larger numbers be taken, such as 1000, 
1500, and 2000 feet a second, the corresponding condensa- 
tions of the air on the flat; surface of the body will be found 
to be +5564, 12520, and 22258, and the augmentations of 
temperature 51°, 91°, and 135°. The celerity communicated 
by fire-arms is generally 1,500 feet per second, sometimes 2000. 

These deductions apply accurately in the case of thin cylin- 
ders ; but the effects must be somewhat diminished with globes, 
since the air bemg displaced by an oblique stroke will not suffer 
so much condensation. Were the discussion of sufficient 
importance, an approximation might be found for the precise 
change of temperature. But an objection occurs that appears 
to have some weight. Is not the rarefaction of the air on the 
posterior surface of the ball equal to the condensation on the 
anterior? And if so, will not the cold produced on the one 
hemisphere compensate for the heat extricated on the other? 
I answer that the air behind follows the motion of the body ; 
while that before is incessantly succeeded by other portions ; so 
that the heating is permanent, and the cooling is only moment- 

The rotatory motion common to projectiles will not in.the 
least affect the operation of these causes. We must not, how- 
ever, suppose that the heat will receive perpetual additions ; 
there will be a certain standard of temperature corresponding to 
the velocity of the body, and which it can never surpass. ‘This 
extreme point will be sooner attained by small balls than by 
large ones, because the former have a greater surface in propor 
tion to their quantity of matter. The huge masses hurled from 
the mouth of a cannon may not acquire the just increase of 
temperature in the whole of their track. 

I shall now proceed to investigate the diversity of tempera- 
ture which obtains at different latitudes and at different heights 
of the atmosphere. I am sensible that on the first of these 
inquiries, my speculations are very imperfect; but I shall at: 
least develope the principles which ought to enter into the com- 
putation. Were the theory of the motion of fluids tolerably 
complete, the absolute quantities might be assigned. However, 
#0 vast is the intricacy of this department of science, that i 
despair of ever seeing it arrive at such perfection. fl Sea 

The theory of central fire has been consigned to: oblivion, and 
the heat of the earth ascribed wholly to the rays received from 
the sun. We might thence infer that our globe is growing con- 
tinually warmer. There are data even from which the quantity 
of this increase of temperature can be determined. The mean 
density of the earth is above four times that of water, as my 
friend Dr. Hutton has deduced by ingenious and elaborate cal- 
culations from the observations made on the mountain Shehal- 
lien. This great density affords a strong presumption that the 
globe which we inhabit is composed principally of some metallic 
oxide, most probably that of iron. But the rust of iron is three 

ng 2 
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times lighter than mercury, and has only one-eighth of its spe- 
cific attraction for heat. Hence the changes of temperature 
which equal additions of heat will produce on mercury and the 
ferruginous oxide are as eight to three. I exposed to the rays of 
the sun when at the altitude of 60° the blackened bulb of a 
mercurial thermometer with a very large scale, and observed the 
mercury to rise at the rate of a degree in 14 seconds. If the 
rays had reached the bulb without being impaired in their pas- 
sage through the atmosphere, the thermometer would have risen: 
a degree in 11”. Wherefore had an equal ball of the rust ofiron 
been substituted, the same effect would require # x 11”, or half 
a minute for its production. But the quantities of light which 
spheres receive in like exposures are proportional to their sur- 
faces, and consequently the changes produced in their tempera- 
ture will be reciprocally as their diameters. The diameter of the 
earth, allowing for the atmosphere, may be estimated in round 
numbers at 8000 miles, and that of the bulb of the thermometer 
was six-tenths of an inch. Wherefore the time elapsed before 
the temperature of the earth increases one degree, must be 

*? x 5280 x 8000 or 844,800,000 half minutes, which amounts 
to 803 years and 238 days. The result will be the same whether 
the particles of light reach the surface, or are spent among the 
vapours and clouds of the atmosphere, as they will ultimately 
be communicated to the mass of the globe. If we reckon the 
distance of the absolute zero of the thermometric scale to be 
2000 degrees, and suppose the earth to have received all its 
heat from the sun, we shall find that the enormous period. of 
1,600,000 years has elapsed since the primeval chaos. But the 
earth consists of materials of such a slow conducting quality 
that probably the heat is not yet equally diffused. No difference 
of temperature indeed is perceived in descending our deepest 
mines. These perforations, however, reach not beyond the 
extemal crust; far below them the cold may commence; and 
perhaps the genial influence of the sun has never yet penetrate¢ 
to the centre. At any rate, we may reasonably presume that the 
superficial parts of the-globe will be heated quicker than the 
vast internal mass. The increase of temperature may, therefore, 
exceed a degree in eight centuries ; and as the same principles 
reduce the distance of the thermometric zero, they will likewise 
diminish somewhat the period we have assigned for the antiquity 
of the primeval chaos.* 

These views will, I am afraid, be treated by some as chimeri- 
cal. What relates to the age of the world, I freely give up ; but 
the more I reflect on the proposition, that climates are growing 
gradually warmer, the more am I convinced of its reality. The 
relations of the historians and the descriptions of the poets of 

* More correct calculations, on this subject, will be found in the * Experimental 
Inquiry into the Natureand Propagation of Meat.’—A, ‘ 
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antiquity abundantly testify, that through the whole of Europe, 
and in some: parts of Asia, the winters were formerly much 
severer than in the present times. I might cite many remarkable 
passages to this purpose, were I not apprehensive of see 
this paper to an unusual length. Some late writers have indee 
admitted the fact, but have ascribed it to the clearing of the 
forests, the draining of the marshes, and the general amelioration 
of the globe. _Butthese causes evidently will not apply to Italy. 
That delightful country is divided on all sides from the rest of 
the world by the sea and by ridges of lofty mountains. Its 
ancient condition was flourishing and vigorous; its modern is 
sunk into insignificance and abject superstition. When it 
formed the seat of temporal empire, the wealth which flowed in 
from the provinces was mostly spent by the opulent Romans on 
the cultivation and improvement of the soil, and on the decora- 
tion of rural scenery, of which they were passionately fond. 
Besides, we shall presently be convinced that the clearing of a 
country has not the smallest effect in promoting the general 
warmth of the climate. The true tendency of such a change on 
the surface is to diminish somewhat the inequalities of the sea- 
sons ; and this fact may serve to reconcile the apparel con- 
tradictory accounts transmitted from the ancients. The summers 
were formerly warmer upon the whole than at present, though the 
winters were much colder. Vineyards were cultivated in Britain 
by the Roman colonies. It is sufficient for the perfection of 
lants that they enjoy the due heat during the season of growth. 
in Virginia the winters are intensely cold; yet that country 
yields spontaneously many of the fruits of a tropical climate. 
For the same reason some exotic plants are raised in open air 
near St. Petersburg which require the assistance of artificial 
heat in the vicinity of London.* 1 
. If the earth had not been clothed with an atmosphere, an 
immense diversity of climate would have obtained. The quan- 
tities of light received from the sun during the revolution of a 
year at the Equator, at London, and at the Pole, may be calcu- 
lated to be as the numbers 31, 23, and 12; and consequently if 
the action of the sun’s rays were confined to the surface, the 
parallel of London must have been colder than the Equator by 
516°, and the Polar regions by 1,226°. In the long succession 
of ages, however, the portions of heat received in different lati- 
tudes would gradually penetrate toward the centre, and mingling 
in their progression, would, in some measure, temper the system. 
This consideration might somewhat diminish the above quanti- 
ties, yet the diversity of climate would still be prodigiously 

* If experiments on the temperature of springs or wells were carefully made 
and recorded, it would gratify our latest posterity, who might thence incontro- 
vertibly decide whether the heat of the globe be progressive. The common regis- 
ters of the weather are of little use in a philosophical point of view. The height 
of the thermometer, being marked only at certain hours of the day, can never give 
the true average heat of the climate, 
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greater than what is actually observed. Upon sueh a supposi- 
tion, the regions of the north would have been for ever divided 
from those of the south, and each parallel of latitude inhabited 
by a particular race of beings. Among the many beneficial 
purposes to which the element we breathe is subservient, this 
undoubtedly is one of the most important,—that it cherishes the 
polar regions by heat conveyed from the tropics, which, in 
return, it refreshes by northern gales; thus labouring assiduously 
to maintain a balance of temperature on the surface of the globe, 
Such a view of the subject corroborates the general presumption, 
that the planets and their satellites have all of them atmospheres. 

It is a theory very generally received at present, that the 
solar heat is first evolved at the surface, from which it again rises, 
and dissipates itself through the atmosphere. Conjectures have 
been formed on the law of this ascent, and conclusions thence 
drawn concerning the rate with which the temperature dimi- 
nishes at different altitudes. But were the principle accurate, 
those countries should be hottest which enjoy most abundantly 
a vigorous sun-shine. Our own island is confessedly warmer, on 
the whole, than the same parallels on the Continent; yet these 
regions are generally blessed with a clear and joyous heaven, 
while our “ weeping sky” is shrouded by far the greater part of 
the year. Besides, the tays of the sun act most fiercely on the tops 
of mountains, where it surely is not warmer than in the valleys 
below. But the whole theory is founded on an erroneous as- 
sumption, which ought long since to have been banished from 
science; I mean the proposition, that light is transmitted 
through a transparent medium without any obstruction what- 
ever, Onthe contrary, near one half of all the light whieh falls 
at the Equator is absorbed in its passage through the atmosphere, 
and, in the high latitudes, a much larger proportion. Inquirers 
have commonly committed another oversight, in supposing that air 
conducts heat like a solid body. But were that fluid completely 
confined, its conducting quality would be found incomparably 
inferior even to that of glass. In fact, that share of the heat which 
is communicated by the slow pervading of the a€rial mass, may 
be totally neglected in every computation. It is by its motion 
alone that the air transfers and disseminates warmth ;* and for 
this purpose-it is admirably fitted by its extreme volubility, and 
by the great variations produced on its density by changes of 
temperature. If that fluid had possessed these properties in a 
much higher degree, an almost uniform warmth would have pre- » 
vailed over the earth, The wisdom of the Great Geometer + of 
the universe is displayed in the choice of the exact proportions, 
which, while they temper the system, preserve the yariety of 
climate, and the grateful vicissitude of season. 

® ¥ need scarcely observe that I was not yet acquainted with the pulsatory 
energy which belongs to the gaseous fluids.—A. 

+ L allude to the famous expression of Plato, @t0¢ ass yiwperpilere 
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It is an undoubted principle, that there is a continual commu- 
nication between the hot and cold portions of a fluid; and, 
therefore, without appealing to actual observation, we may 
strictly infer a regular and perpetual circulation of air between 
the Equator and the Poles. No branch of physics is, indeed, so 
intricate or so imperfect as the doctrine of winds. We cannot 
judge of their direction with certamty from that which obtains 
near the surface ; since it appears from the relations of aéronauts 
that, in the higher regions of the atmosphere, various and even 
Opposite currents exist at the same time ; the only discovery, 
perhaps, if it deserve that name, which has been made by bal- 
loons. These irregular streams of air result from local and acci- 
dental circumstances ; nor is there any reason to doubt but the 
general sum of motion is directed between the Equator and the 
Poles, The difference between the average temperature of dif- 
ferent latitudes is such as to produce the exact celerity of com- 
munication necessary for maintaining perpetually the balance. 
The quantity of heat received from the sun, in the space of a 
year, is annually distributed over the face of the globe, Each 
place too must receive the same gradual increase of tempera- 
ture, otherwise the rate of aerial circulation would in time be 
affected, and consequently the heat differently distributed, which 
would again restore the equilibrium. It appears, likewise, that 
the average heat of places, on the level of the ocean; must 
depend on their latitude. The formula which the celebrated 
astronomer, Professor Mayer, has given for computing that 
average, answers remarkably well. It is 84° — 52°92, @ de- 
noting the sine of the latitude. lf the theory of aérial motions 
were perfected, a more accurate expression could probably be 
discovered from the principles we have been establishing.— 
America forms a curious exception to the general rule. Some 
philosophers have ascribed the unusual cold which prevails‘on 
that continent to the immense natural forests, which exclude 
the sun’s rays, and expose a great furface to evaporation.* 
The first of these causes should be set aside ; nor can any stress 
be laid upon the second, till it be proved that the quantity of 
humidity evaporated in the New World exceeds what is again 
precipitated in clouds and vapours. I am disposed to assign a 
different reason. Owing to some causes, which | will not pre- 
tend to determine, the prevailing wind in the United States of 
America is the north-west, which blows from the high bleak 
territory that extends from the Lakes of Canada to the in- 
hospitable shores of the Pacific Ocean. It is prevented, by the 
tall ancient forests, from sweeping the surface ; and it, therefore, 
arrives on the settlements near the coast full charged with cold, 
Similar effects are probably produced in South America.t 

* See particularly an ingenious note, by my learned friend, Professor Robison, 
in Dr, Robertson’s History of America. , 

+ This explication, though conformable to the ordinary principles, is really 
not admissible, See the Article Cumare, already referred to,.—A. 
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Heat is circulated with augmented rapidity in summer and in 
winter, a circumstance which, in some measure, tempers the in- 
equality of the seasons. The quantities of light which fall im the 
high latitudes during the long summer days 1s surprisingly great. 
At the time of the estival solstice, the luminous matter received 
in the course of a diurnal revolution at the pole exceeds that re- 
‘ceived at the equator in the proportion of 15 to 11. We might, 
therefore, expect the summer to be excessively hot in the polar 
regions ; and this would probably be the case, were not the 
surplus heat expended in thawing the surface of an immense con- 
tinent of ice. In Siberia and Lapland, the action of the sun- 
beams is sufficient, during the spring and part of the summer, 
to dissolve completely the snow and ice; and nature, released 
from her chains, hastens to pour forth, m gay luxuriance, the 
few vegetable tribes that had withstood the severity of the 
winter. The heat often grows oppressive, and engenders 
myriads of winged insects, which oblige the hardy natives to 
retire into their hovels and defend themselves with smoke. It 
is the vicinity of the ocean that prevents the same violent heats 
and rapid growth from being remarked on the northern extremity 
of our ownisland. A body of water receives and disperses. heat 
infinitely quicker than a mass of earth.* 

| But besides the great circulation of differently heated air 
_ between the poles and the equator, there is in every place a 

perpetual communication between the higher and lower regions 
of the atmosphere. The latter motion is incomparably more 
pte in its effects than the former. The air is as cold at the 
eight of three miles above the equator as at the pole, which is 

more than six thousand miles distant. And since the causes 
-which produce a circulation in the fluid are concentrated within 
so narrow a compass, they must maintain an almost accurate 
equilibrium. It is immaterial what portion of the air be heated 
first, for the surplus heat will instantly be diffused through the 
whole of the vertical column. If a portion of air ascend, an 
‘equal portion must descend ; so that the same absolute heat will 
be maintained at every altitude. Hence we may conclude, that 
the temperatures which prevail at different heights are recipro- 
cally as the specific attractions for heat due to air of the corre- 
sponding densities. If d denote the rise of temperature which 
dilated airindicates upon recovering its density, and 2000 degrees 
be the distance of the thermometric zero, we may deduce the 

“Ait 5 d 2000 
specific attraction of this rarefied air for heat to be canada 

2000 — d 
—s000~ Very nearly when d is a small number. Consequently, if 

air of the usual density be allowed to expand itself into the state here 
supposed, its temperature would sink almost the same difference, 

* The distinction between summer and winter, in the high latitudes, was pro- 
bably more strongly marked than even at present, by reason of the greater ob- 
liquity of the ecliptic, . 
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d.* It appears, therefore, that the formula which we derived from 
experiments made on the collapse of air in the receiver of an 
air-pump, will apply likewise to the gradation of cold in ascend- 
ing the atmosphere. The density at the surface being reckoned 
the unit, letits diminution at the given elevation be denoted by 
x, then the diminution of temperature on the ascent will be in 

degrees of Fahrenheit = (- hee 
l—gr 

) 125 #, which may, perhaps, 

be expressed more conveniently thus, 1000 x ($5:)-+ 

This formula corresponds, as well as might be expected, with 
the very few facts which I have been able to collect. Dr. 
Hunter reports, that at the elevation of 1400 yards on the Blue 
‘Mountains, in the island of Jamaica, the springs were 18° 
colder than on the level of the shore. The difference of density, 
at such an altitude and such a climate, may be computed to be 

ae eehence — 1000:2=;.198,, which. differs 
only one degree from observation. Lord Mulgrave mentions, in 
his voyage, that the air at the top of a mountain in Spitz- 
‘bergen, 1503 feet high, was 8° colder than at the bottom. But 
the decrease of density may be estimated at :057; whence 

1000 oconpiven Gas = 7:5°. I perceived the same agreement 

in some trials which I lately made on the springs in Fifeshire. I 
must confess, however, that though I am fully convinced that 
the formula expresses the true law of the diminution of tem- 
perature at different elevations, I still entertain a suspicion that 
the coefficient 1000 requires some correction. The glass re- 
ceivers which I employed were not so much disproportioned as 
I should have desired; and the difference is’so minute, on 
which the analogy turns, that I must have hesitated to publish 
the result without an appeal to observation. 

Resuming the first formula ( —*) 125 x, the part ——t* 

may be regarded equal to unit in small heights above the 
surface ; and since the diminution of density is in this case 
nearly proportional to the ascent, the gradation of cold must, 

* If greater accuracy be required, let this equation be converted into an analogy, 
2000 + d:2000::2000:2000 — o, then 2000 + d: d::d:d —3; whenced —3} = 

d 
es 0° 
2000 Tt When d = 20°, the correction will be = = and when d = 50°, 

d 
50° 

there should be an abatement of are somewhat more than a degree, 

+ The formula, which I have finally adopted from more perfect experiments, 

: Ce ‘ ; . : F 
is 45° x ( ree =) in which the expression is a little modified, and the coefficient 

or multiplier diminished, 
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in our climate, amount to a degree, on an average, for every 
220 feet.* But this uniform progression will not extend to con- 
siderable elevations. It is hence easy to perceive that the 
rule for barometrical measurements, which directs the whole 
intervening column of air to be reckoned at the medium tem- 
perature of the two stations, must be inaccurate; and the more 
so, as the difference of a degree produces a variation of near 
=i,th on the whole result. If it were not a digression from the 
main subject, I would proceed here to deduce the proper cor- 
rection from our formula. The most exact method, however, 
would be to make observations with the barometer and thermo- 
meter at different stages, in ascending and descending the moun- 
tain. I cannot, on this occasion, help expressing my surprise 
that no attempts, as far as I recollect, have been made to 
estimate the effects of humidity, which must often be very 
great. Ihave lately inferred from theory, and verified it by ex- 
periment, that the air, in dissolving water, expands so much as 
to become specifically lighter. It would, therefore, be highly 
expedient to introduce the hygrometer in barometrical measure- 
ments. But no instrument of that kind, yet offered to the 
public, is constructed upon principles that are unexceptionable.+ 

shall probably resume the subject at another opportunity. 
In applying the formula to ascertain the cold of elevated con- 

tinents, some abatement should be made; for, in these cases, 
the communication between the higher and lower strata of the 
IOERUETP, being necessarily distant and circuitous, must be 
impertect. The climate of such territories will evidently partake 
of that which they would enjoy if depressed to the level of 
the sea. The heat derived immediately from the sun, which 
acts principally near the surface, being dispersed with unusual 
slowness, must continue to accumulate, till this very ascendency 
prince an increased circulation of the atmosphere sufficient 
enceforth to maintain the equilibrium. Upon the same prin- 

ciples, the air upon the top of a mountain must be rather warmer 
than at the same height in the open plain. In like manner, a 
spot enclosed on all sides by lofty precipices, but yet accessible 
to the sun’s rays, will become ha hot : not because the 
light is reflected and concentrated by the rocks, as some have 
strangely supposed, but because the circulation of the air at the 
narrow basin is obstructed, and, consequently, the dispersion 
of the heat. Such are the delightful vales scattered among tlie 
Alps and Appennines. If these recesses of nature be encircled by 
naked rocks, the effects will be still more remarkable ; for 
evaporation not only produces cold, but, by dilating the air, it 
promotes the diffusion of that influence. 

* This estimate is rather too large. It will be found nearer the truth, to reckon 
1° of cold,on Fahrenheit’s scale, for every hundred yards of astent.—A. , 

+ Lcould not then anticipate that I should have the good fortune t6 invent aB 
hygrometer, of a construction at once simple and correct,=~A. Re 
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As the great commerce of air between the poles and the equa- 
tor, tempers, as much as possible, the inequalities of climates 

and seasons, so the circulation between the higher and lower 
strata preserves the balance of day and night. And how much 
more complete the operations of the latter motion than those of 
the former, may be judged from this cireumstance,—that in our 
latitudes there is smaller difference of temperature between day 
and night than between summer and winter, though in the 
one case the sun is entirely withdrawn from us, though he 

sheds some light in the other; not to mention the vast dis- 
ni of the times in which those different effects are pro- 
uced. 
When the sun shoots his rays vertically through a bright sky, 

a very large share of them will reach the surface of the earth, 
and there generate a heat which will greatly exceed the quantity 
diffused by the air. But, in the evening, the circulation which 
had been so violently excited by the meridian heats will restore 
the balance, and even produce an inclination to the opposite 
extreme. It is, hence, that the sultry days of the tropical coun- 
tries are generally succeeded by evenings comparatively cool; 
a. circumstance which proves so dangerous to new-settlers. 
Upon the whole, however, the difference between the heat gene- 
rated at the surface, and that at a certain height in the air, is not 
so great as might be apprehended. If, in clear weather, the 
ground be much heated by a profusion of rays, it is likewise 
cooled by the evaporation, which is then most considerable. 
When an extensive tract affords not moisture, the accumulation 
of heat, on the surface, will be greater. Such are the sandy 
plains of Arabia Deserta. On the other hand, the condensation 
of vapours, which takes place in the lower. regions of the atmo- 
sphere, must evolve much heat in the vicinity ; and the clouds, 
absorbing almost the whole of the sun’s light, become imme- 
diately warmed, and diffuse their influence all round. We are 
sensible of this fact * 4g z . 

[Two or three concluding sentences of the Manuscript are- 
unfortunately lost.] 

Articie III. 

Analysis of a Specimen of Water, taken out of a Boiling Spring 
untng with the Sea in the Harbour-o ‘ites one of the Gre- 
cian Islands in the Archipelago. By T. Thomson, M.D. F.R.S, 

Tue bottle of water which I have subjected to analysis was 
‘put into my hands about two years ago, by the Rev. Mr. Holme, 
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of Cambridge, who informed me that it was taken at the spot by 
Mr. Crystal. I was obliged to leave London shortly after I got - 
the specimen, and was not again in possession of a laboratory 
till last winter, when I subjected it to the requisite trials to ascer- 
tain its composition. 

I. Properties of the Water. 

The water was transparent, but there was a slight black 
flocky sediment at the bottom. It had the smell of sulphuretted 
hydrogen gas ; but the smell was not much stronger than that of 
St. Bernard’s Well, near Edinburgh. Its taste was strongly 
saline ; but without the bitter impression yielded by sea water. 

The specific gravity at 60° was 1-033]. 

II. Action of Reagents. 

1. Muriate of barytes threw down a copious white precipitate 
which was not redissolved by nitric acid. Indicating the pre- 
sence of sulphuric acid. - 

2. Nitrate of silver threw down a copious curdy white precipi- 
tate, which blackened on exposure to the light. Indicating 
murtatic acid. 

3. Oxalate of ammonia threw down a copious white precipi- 
tate. Indicating lime. 

4. A portion of the liquid freed from lime by means of oxalate 
of ammonia was mixed with some carbonate of ammonia, and 
then a drop of phosphoric acid was added ; but no precipitate 
nor cloudiness was perceptible. Hence the water contained no 
magnesia. 

©. A portion of the water concentrated by evaporation was 
acidulated with tartaric acid, and set aside for 24 hours; but no 
crystals of bitartrate of potash made their appearance. Hence 
the water contained no potash. 

6. Neither pure potash nor quicklime when added to the 
water occasioned any evolution of ammoniacal fumes. Hence 
the water contained no ammonia. 

6. Neither prussiate of potash nor sulpho-chyazate of potash 
occasioned any change of colour. Hence the water contained 
no iron. 

8. The addition of sulphuric acid occasioned no effervescence. 
Hence the water contained no carbonic acid and no carbonate. 

9. The water blackened silver, and threw down acetate of lead 
of a dark brown colour. It contained, therefore, sudphuretted 
hydrogen. oe 

From these preliminary trials, I concluded that the saline 
constituents of the water were the following : 

1. Sulphuricacid. ~~ 4. Soda. 
2. Muriatic acid. 5. Lime. . ji 
3. Sulphuretted hydrogen. 

4 
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III. Analysis. 

1. Five hundred gr. of the water were evaporated to dryness, 
and the saline residuum exposed to a heat of about 500°. It 
weighed 22 gr. 

2. From a bottle of water which had been taken out of the 
boiling spring, and which had remained in my possession for 
nearly two years, I had no reason to expect any great quantity 
of sulphuretted hydrogen gas. I put 12 cubic inches of it into 
a ail retort, and boiled it for nearly an hour. The gas extri- 
cated did not amount to a quarter of a cubic inch ; and of this 
only a small proportion was sulphuretted hydrogen. The tube 
containing this gas being wide, I did not attempt to determine 
the exact proportion of this gas that had been extricated ; but 
was satisfied with ascertaining that the quantity was quite 
trifling. 

3. Broin 500 gr. of the water, the sulphuric acid was precipi- 
tated by means of muriate of barytes. The sulphate of barytes 
after being washed and dried in a red heat weighed 1-12 gr. 
Indicating 0°38 gr. of sulphuric acid. 

4. From 500 gr. of the water the lime was precipitated by 
means of oxalate of ammonia. The oxalate of lime obtained 
weighed 4:94 gr. It was heated to redness in a covered plati- 
num crucible, mixed with sulphuric acid, and then exposed for 
some time to a strong red heat. The sulphate of lime thus 
obtained weighed 3°67 gr. Indicating 1°54 gr. of lime. 

5. Five hundred gr. of the water which had been freed from 
their sulphuric acid and their lime, by the methods indicated 
above, were evaporated to dryness, and the remaining saline 
mass fused in a platinum crucible. It now weighed 21°58 gr. and 

"was common salt. 

IV. Conclusions from the Analysis. 

I have no doubt, from the observations made by Dr. Murray, 
in his paper on the analysis of sea water, that all the sulphuric 
acid which I obtained existed in the water in combination with 
soda ; and that all the lime was combined with muriatic acid. 

Now an atom of sulphuric acid = 5, and an atom of soda 
= 4. Therefore we have 5: 4 :: 0°38 : 0°304 = soda in combi- 
nation with the sulphuric acid. Of course the sulphate of soda 
(supposed destitute of water) in 500 gr. of the water amounts to 
0°684 gr. 

An atom of lime weighs 3-625, and an atom of muriatic acid 
4:625. Therefore, for the muriatic acid united to the lime, we 
have 3°625 : 4-625 :: 1-54: 1-965 = muriatic acid in combination 
with the lime. Hence the muriate of lime in the water, suppos- 
wea anhydrous, amounts to 3°505 gr. 

e whole of the common salt obtained by evaporating the 
500 gr. of water, freed from their sulphuric acid and their lime, 
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did not, previous to the analysis, exist as such in the water ; for 
the sulphate of soda was converted into muriate of soda, and 
existed as such in the 21°58 gr. of common salt. Now 0°304 gr. 
ef soda require 0°352 gr. of munatic acid to convert it mto 
common salt ; so that the common salt which must be subtracted 
from the residue amounts to 0°656 gr. Hence the common salt 
contained in 500 gr. of the water amounts to 20°924 gr. 

Thus the anhydrous salts contained in 500 gr. of the water 
from the boiling spring are the following : 

Grains. 

Common salt 2.2 Oe oo 0 2-20-94 
Murtateten Hime oe rears 2 wt rip wo Doth, 
Sulphate’of soda TIT E. oS O24 OE 

25°113 

_ Upon comparing the quantity obtained by the analysis with 
the weight of salts as deduced from the direct evaporation of a 
portion of the water, it will be seen that the analytical result 
exceeds the other by 2°453 gr. This difference is_ probably 
ewing in part to the too rapid evaporation of the water in an open 
vessel, which doubtless occasions a loss; but I think it not 
improbable that a portion of the muriate of lime might have been 
decomposed or carried off by the sudden application of a strong 
heat to the salt. In the analytical processes, the heat was 
applied much more slowly, and, therefore, the results are more 
to be depended on. 

The saline constituents of this water differ in several respects 
from those of sea water. They are more abundant, amounting 
to five per cent. whereas those in sea water do not exceed 4:5 
percent. This difference is indicated by the specific gravity of 
the water which is considerably greater than that of sea water. 
Another remarkable difference is the absence of the magnesian 
salts, which constitute so remarkable a constituent in sea water. 
The proportion of sulphate of soda is also considerably less, and 
that of muriate of lime considerably greater than in sea water. 

These circumstances, together with the presence of sulphuret- 
ted hydrogen gas, can leave no doubt that the boiling spring, 
whose analysis I have given in this paper, is quite different from 
sea water. 

I regret that I cannot lay before my readers any informa- 
tion respecting the nature of the island in which the spring 
occurs. Tourefort mentions boiling springs in the harbour of 
Milo, and describes the island as abounding in sulphur and iron 
mines; but I presume Milto is a different island from Milo, 
though Tournefort takes no notice of it. 
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ARTICLE IV, 

On Native Hydrous Aluminate of Lead, or Plomb Gomme. 
By James Smithson, Esq. 

Paris, May 22, 1819. 

I sre in the Annals of Philosophy for this month, which I 
have very lately received, an analysis by M. Berzelius of the 
mineral which was formerly known here under the name of 
« plomb gomme.” 

he first discovery of the composition of this singular substance 
belongs, however, to my illustrious and unfortunate friend, and 
indeed distant relative, the late Smithson Tennant. He ascer- 
tained when last at Paris, on pieces furnished him by M. Gillet 
de Laumont, that it was a combination of oxide of lead, alumina, 
and water. 

At that time I received a small specimen of this rare ore from 
M. de Laumont, accompanied with a label, of which the follow- 
ing is a copy: 

“Hydrate d’alumine et de plomb reconnu par Mr. Tennant, 
du Huelgoat, prés Poullaouen, en Bretagne (Finistere) qui paroit 
etre la méme substance decrite par Rome de I’Isle, tom. in. de la 
Cristallographie, p. 399, comme plomb rouge en stalactite. 

“ J’en ai dit quelques mots en Mai, 1786, dans le Journal de 
Physique, p. 385, F. 16.” 

his ore is of a yellow coleur; it otherwise bears so great a 
resemblance to the siliceous substance found near Frankfort on 
the Mein, called Mullen glass, that it might be mistaken for it. , 

Suddenly heated, it decrepitated violently ; but heated slowly, 
it became white and opaque. The utmost fire did not appear to 
fuse it, or produce any further alteration in it. 

It dissolved readily in borax into a colourless transparent glass, 
but no reduction of lead took place. Not having any carbonate 
cf soda at hand, I added a particle of nitre, whose deflagration 
producing potash, lead was revived. 

A bit, which had been made white by ignition, being wetted 
with nitrate of cobalt and again ignited, became blue. 

Heated in a glass tube over a candle, it decrepitated, became 
Opaque and white, and water sublimed. 

Mr. Tennant mentioned to me a sort of explosion occasioned 
by the sudden expulsion of the water, and characteristic of this 
ore, which took place when it was heated at the blow-pipe. With 
the very minute particles I have tried, no effect of this sort was 
perceived. 

The above characters will prove sufficient, I apprehend, to 
make this substance known when met with. 
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ARTICLE V. 

On Centrifugal Force, and the Upright Growth of Vegetables. 
By Mr. Henry Meickle. 

(To Dr. Thomson.) 
SIR, London, May 26, 1819, 

In your number for April last, the Rev. Patrick Keith advances 
some objections to the hypothesis of T. A. Knight, Esq. to 
account for the direction of the radicle and germen. I do not 
pretend to decide in favour of either side of the question, but 
only beg to make some brief remarks on the effects of gravita- 
tion, and on Mr. Keith’s singular ideas of a centrifugal force 
produced by rapid circular motion. Mr. Keith, in pages 253 
and 254, seems to hold out that the centrifugal force acts in the 
direction of a tangent to the orbit, and not directly from the 
centre. Now this notion seems peculiarly his own, and admit- 
ting that it were correct, some curious consequences would 
necessarily follow. For instance, if it acted forward in the 
direction of the tangent (as is implied in his assertion) it must 
tend to accelerate the motion. But since centrifugal force is 
itself the result of motion, it and the motion would mutually tend 
to assist each other sine limite ; so that a body once set a moving 
in a circle would not only persevere in its motion, but be accele- 
rated ad infinitum ; and, of course, neither so much time would 
have been wasted, nor so many brains cracked or rendered worse 
than love-sick with the delusive and idle search after the vain 
chimera of a perpetual motion. 

To establish the well-known fact that the centrifugal force acts 
directly from the centre, nothing more is necessary than to attend 
to the simple experiment of whirling a sling around the head ; or 
indeed any weight attached to the one end of a string, while the 
other is held in the hand, giving the weight a whirling motion, is 
sufficient to put it past the possibility of a doubt. : 
When a body is relieved from moving in a circle, its flying off 

in a tangent is in perfect harmony with, nay a consequence of, 
the centrifugal force’s acting directly from the centre. But it 
would be presumptuous in me to enlarge on a subject so ably 
handled in the numerous works on the laws of motion and com- 
osition of forces. Had Sir I. Newton held any other opinion, 
e might have had the opportunity of seeing his immortal System 

of the Universe safely interred long before his death. 
I do not see how gravitation could have had any effect on the 

vertical wheel at all; for although this power is regardless of 
motion, and acts without ceasing, yet its solicitations are not 
instantaneously obeyed, but require time to produce any sensible 
effect. No sooner, therefore, had gravitation desired a particle 
to move in any one direction than it instantly itself recalled the 
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mandate, by reason of the rapid revolution of the wheel. Gravi- 
tation, therefore, could have no sensible effect on the vertical 
wheel ; but it would appear, that when the horizontal wheel made 
80 revolutions per minute, the centrifugal force was just equal to 
gravity. \ : 

Indeed if the length of the radicle bore any considerable pro- 
portion to the radius of the horizontal wheel, it ought to have 
been a little curved, or more horizontal, toward the extremity ; 
but the reverse would take place with the direction of the germen. 
Had great attention been paid to the direction of the growth, it 
would probably have been found a little pointed backward from 
the radius in both wheels, in consequence of the resistance of 
the air. 

I have often observed in the growth of wood, that when a tree 
did not stand upright but leaned to a side, the annual growths 
or tubular coatings were much thicker on the under than upper 
side. In branches shooting out horizontally, the difference was 
still more remarkable ; but this is sometimes counteracted by 
another circumstance—that when trees are very crooked, the 
hollow side of a turn fills up, or grows much more rapidly than 
the round side; so that the juices seem disposed to take the 
shortest road. This appears to be the reason why some sorts of 
trees, though extremely crooked when young, gradually straighten 
as they advance in years. Iam, Sir, 

Your most obedient servant, 
Henry Meike. 

P.S.—There is still something inaccurate about the mean 
degree of latitude deduced from Col. Lambton’s measurements, 
contained in your number for March. From the table there 
given, it appears to me that the degree at the latitude of 45° 
(usually taken as the mean) is 69-0361 miles, or 69. nearly, 
which is still further from 691, than the former number. H. M. 

See eee 

*,* The length of a degree of latitude at 45° given by Col. 
Lambton is 60751°8 fathoms = 69-036 miles (the number 69°030 
is by an error of the press for 69°036). When I said that the 
mean length of a degree of latitude was nearly 691; miles, I 
meant for Great Britain, and particularly for London.—T. 

Vou. XIV. N°L. Cc 
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ArticLe VI. 

Account of a newly discovered Variety of Green Fluor Spar, of 
very uncommon Beauty, and with remarkable Properiies of 
Colour and Phosphorescence. By Edward Daniel Clarke, 
LL.D. Professor of Mineralogy in the University of Cam- 
bridge, Member of the Royal Academy of Sciences at Berlin, 
&c. in a Letter to the Editor of the Annals of Philosophy. 

(To Dr. Thomson.) 
SIR, 

I avaru myself of the first moment of leisure granted at the 
close of my annual course of lectures in this University, to fulfil 
my promise of sending to you an account of the Durham Fluor; 
of which I have received specimens surpassing in magnificence 
and in the beauty of their crystallizations, any mineral substance 
I have ever before seen. I am indebted to the Rev. G. Peacock, 
M.A. Fellow of Trinity College, Cambridge, not only for making 
me acquainted with all the circumstances of the discovery, but 
also for having had the goodness to procure for me the speci- 
mens to which I allude. The same gentleman, from notes. 
written upon the spot, has also supplied me with materials for 
making the present communication. The name of the mine, 
whence this singular variety of the fluate of lime has been 
obtained, is Middlehope Shields; it is the property of Colonel 
Beaumont ; and it is situate about 11 miles to the north of the 
village of West Gate, in Weardale, in the county of Durham: 
about six miles to the west of the town of Stanhope. This mine 
has been worked with great success for a considerable time ; but 
it was only during three months of the autumn of 1818 that this 
beautiful mineral was obtained in any considerable abundance. 
The excavations have since that time been partially interrupted, 
in consequence of the vein crossing another vein, which is the 
property of a company of miners, who are known in that county 
by the name of the London Lead Company. They are now 
employed in driving a level through the inéersecting vein, and in 
sinking a shaft, for the more effectual ventilation of the mine. 

The rider of the vein (a provincial term designating the sub- 
stance wherewith the vein is principally filled) is a dark buff- 
coloured magnestan limestone; sometimes of a very friable 
texture ; which is accompanied by masses of fluor spar; some- 
times cubical, and sometimes amorphous ; of different hues, 
green, purple, and white ; all of which are not unfrequently exhi- 
bited m the same mass; the white occupying the centre, the 
green appearing towards the external surface, and the purple 
tinging the intermediate parts ; but it is only in the jlats (i.e. 
large openings or cavities) of what is called the eleven fathom, 
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or great limestone, that the finely crystallized and transparent 
fluor-spar is found. These cavities are invested with the sub- 
stance of the vein, and the fluor is there found completely cover- 
ing the sides; they are generally of inconsiderable extent, but 
sufficiently capacious to admit a man standing upright within 
the cavity. The fluor is there sometimes accompanied by cubical 
and dodecahedral crystals of the sulphuret of lead (galena), and 
sometimes by a little quartz; but, I believe, by no other 
substance. 

The vein-stuff of the tntersecting vein isa coarse kind of purple 
fluor and calcareous spar; but although the workings for this 
vein have been carried within 50 yards of the main deposits of 
the green fluor in the other mine, and in the same dimestone (the 
richest of all the metalliferous limestones of this country) no 
similar substance has been observed. The only metallic sub- 
stance ever found in these vedns is the common sulphuret of lead, 
called lead glance, or galena; no copper has been discovered in 
the mines of Weardale. 

Plate XCIV is a sketch ofthe situation of the green fluor mine, 
showing also the manner of its intersection by the London Lead 
Company’s Mine. 

Having thus stated the geographical position and habitat of this 
fluor, | will now proceed to detail its mineralogical characters. 

The finer crystals-are perfectly transparent. Their colour by 
‘transmitted light is an intense emerald green ; but by reflected 
‘light, the colour is a,deep sapphire blue; and this remarkable 
character causes such a play of the green and the blue light to a 
person regarding these crystals, that at first sight he is unable to 
say which causes the more beautiful appearance, and to which 
of these hues their real colour ought to be referred. Some of 
the crystals are of such magnitude that their major diameter 
measures two inches, but it rarely exceeds one inch. I have 
said major diameter, because many of them are parallelopipedons, 
with or without bevelled edges ; theirsurface most beautifully exhi- 
biting the lines of decrement, formed by the lamine of superposition 
upon the primary nucleus. These parallelopipedons are univer- 
sally accompanied with twin crystals, which sometimes exhibit 
a solid angle, salient, above the face of the original crystal ; and 
sometimes one nearly as large as the crystal in which it is 
imbedded; the superior edge of the imbedded crystal being 
always inclined at the same angle (somewhat less than 30°) to 
the face of the other; and its lines intersect the plane of the 
original crystal in lines which make when produced nearly equal 
angles with the edges or sides containing that angle towards 
which the prominent edge of the twin crystal declines. The 
twin crystal always displaces the parts of the edge which it 
intercepts, so that they are never in the same straight line, and 
rarely in the same plane ; and this character in the crystallization 
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of this remarkable variety of the fluate of lime adds greatly to | 
the peculiar play of light and beauty of the specimens. 

ntil these crystals were sent to Cambridge I had never seen 
crystallized fluate of lime in the form of paradlelopipeds, neither 
does Mr. Jameson, in his valuable work on mineralogy, mention 
any such form ;* their major diameter is to their minor diameter 
as three to two. The other forms exhibited by the same fluor is 
the cubic, with or without bevelled edges. The miners are 
assured of the neighbourhood of cavities lined with crystals by 
the increasing hardness of the substance of the vein. 

This kind of fluor is also remarkably distinguished from every 
other variety by its phosphorescence; which is such that it becomes 
visible in a dark room simply by placing a large crystal in water 
heated nearly to the boiling temperature. But to exhibit its 
phosphorescence in perfection, itis necessary to reduce the mineral 
to powder in a mortar, and then scatter its particles upon the 
surface of an iron plate, heated nearly to redness. It then 
phosphoresces with a violet-coloured light. Mineralogists who 
have added to the nomenclature of thé varieties of fluor by the 
introduction of the word chlorophane (as applied to the substance 
which emits a green light when heated), may, if they choose, 
call the Durham fluor by the name of cyanophane. Its other 
characters are those which are common to every variety of the 
crystallized fluate of lime. Its specific gravity, estimated in dis- 
tilled water at a temperature of 65° of Fahrenheit, equals 3-14. 
Before the blow-pipe, when supported on platinum foil, it decre- 
pitates, beautifully phosphoresces, loses its colour, becomes 
highly limpid, and is ultimately reduced to an opaque white 
enamel. Upon charcoal, its fusion is more readily accomplished ; 
the results being the same. When first brought from the mine, 
it is extremely fragile; but (notwithstanding its natural brittle- 
ness and inferior hardness) when properly desiccated, owing to 
the intensity of its fine green colour, it is probable that lapidaries 
will cut and sell its transparent crystals as spurious imitations of 
euclase or emerald. 1 remain, Sir, faithfully yours, 

Cambridge, May 10, 1819. Epwarp Daniet CLARKE. 

P.S. The crystals sometimes form two parallelopipeds, having 
a common solid angle; in this case the twin crystal is found at 
the re-entrant angle, and its superior edge declines towards the 
common angle; although not always directly. Some rough 
crystals, which are not highly transparent, are marked with 
small cavities, in the form of the inferior pyramid of a regular 
octahedron. 

* See Jameson's Mineralogy, vol. ii. p. 222. Edinb. 1816. Among the remark- 
able instances of crystallization exhibited by the fluate of lime, there is one 
preserved in the Weodwardian Collection at Cambridge, exhibiting an octahedron 
formed by the juxta-position of cubes. J possess crystals of Siberian fluor with 26 
sides, 
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Articue VII, 

Remarks on the Combination of Acids with Bases and indifferent 
’ Substances. By Dr. F. Sertiimer, of Einbeck.* 

In both my dissertations on opium, morphia and meconic 
acid, there occur some conclusions respecting the compounds 
which the acids form with indifferent substances. To these I 
was led by observations not generally known, though I did not 
mention them. I shall here give a short account of these 
observations. In 1806 I found, during a series of experiments 
respecting the formation of sulphuric ether, and which appeared 
to me inexplicable, according to the usually received theory, that 
sulphuric acid, when simply mixed with alcohol, unites to it, and 
forms a peculiar acid which cannot be decomposed by any saline 
basis, to which I gave the name of prot-oinothionic acid (first 
sulphuretted wine acid). By considering this substance as an 
intimate compound of the acid with the alcohol, which cannot 
again be decomposed by heat, the nature of it becomes sufficiently 
evident. Now as nothing more is necessary but a small spark to 
set fire to a great quantity of combustible matter, this observation 
in like manner carried me speedily a great deal further. I easily 
conjectured and speedily ascertained that the powerful acids are 
capable of uniting not merely with alcohol, but with other organic 
bodies, as sugar, gum, tallow, when cautiously treated, and of 
forming with them acids more or less durable, and in man 
respects remarkable, though hitherto entirely overlooked. By these 
observations the field of chemistry was enlarged in a practical and 
theoretic point of view. It deserves attention, and is very 
characteristic, that no reagent indicates a trace of the sub- 
stances of which these new acids are composed; that, for 
example, in oinothionic acid, and its salts, neither solutions of 
lead nor barytes indicate the presence of sulphuric acid by 
fendering the liquid muddy. Several chemists have in fact 
made experiments with these acids and their salts; but they 
have drawn wrong conclusions respecting them. 

Prof. Trommsdorff has lately discovered and made known a 
true direct compound of alcohol with vegetable acids. This, as 
far as my knowledge reaches, is the first time that such a com- 
pound, which unites with the saline bases without undergoing 
decomposition, has been thought of. The strong mineral acids 
combine with it more easily, as they are capable of driving off 
the caloric ; for alcohol is a thermate ; or a compound of true 
alcohol and heat. With the hydrates the combinations take 
place more readily ; because in them the water is not combined 
‘so firmly as the caloric is in the thermates. A circumstance, 

* Translated from Gilbert’s Annalen der Physik, Ix.33, (Sept. 1818.) 
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however, occurs in this case, which | shall take another opportu- 
nity of explaining. 

The light produced by these observations goes further, and at 
once withdraws the veil from many phenomena hitherto mexpli- 
cable; as, for example, the formation of ether and starch sugar ; 
and shows us that they are the consequence of the mutual action 
of the substances on each other. It has been supposed that 
alcohol is capable of neutralizing acids just as the saline bases 
do ; while chemists overlooked the true compounds of alcohol 
with acids, substituting for them the ethers ; and pushing this 
view of the subject founded on false premises still further, they 
compared these combinations with those of the saline bases, and 
considered them as similar. It is an axiom founded on theory 
and observation, that an indifferent substance, as water, hydro- 
gen, sulphur, alcohol, azote, &c. (and still less an acid substance) 
does not possess the characters of a saline basis, and is, there- 
fore, incapable of completely depriving an acid of its acid 
properties.* The substance produced by the union of such 
bodies, according to the laws by which elementary substances 
unite, should be always acid; and this accordingly is what happens ; 
for the property of neutralizing belongs only to the saline bases, 
and indeed is confined to those which are soluble in water. By 
this, all our former notions respecting the properties of acids and 
bases are destroyed. These indeed were by no means well esta- 
blished, and would require elucidation. 

* Tclass among indifferent substances 2ll bodies which do not possess the property 
of neutralizing, which do not unile with the saline bases as acids, but form with 
the strong acids peculiar acids not commonly decomposed by the saline bases. 
The combination of alcoho! with the strong acids gives us the best example of this 
kind »f compound, The hydrous acids are analogous to the alcoholic acids; but 
are nistinguished by this, that they combine only with the feeble saline bases with- 
out decoposition; but by the strong bases are decomposed, and the water disen- 
aged. The acidsact in the same way as the indifferent bodies to the strong acids, 
he double acids constitute an example. 
+ Instead of affinity, Jemploy the more accurate term, attraction of the elements, 

because all chemical phenomena are the consequence of the attraction of the 
elements ; and the doctrine of chemical forces, 1 call stochiology. Stochiometry, 
as at present taught, points out stochiology, with which indeed it is identical. It 
constitutes the basis of chemistry, and embraces the whole scienceas a pure scientific 
system. tis founded upon the different properties of the atoms of bodies. , Can 
there, for example, exist an intimate union between two bodies in which the acti- 
Vity comes all on one side, little or none at all being exerted by the other? On that 
supposition is one member of the compound more or less passive and free, and does 
it show this by exhibiting several of its properties, while tie active constituent of 
the compound loses its properties in some measure, its force being employed in fet- 
tering the passive constituent ? Thus oxygen predominates in the acids, but the 
radical predominates in the saline bases, Hence the violent action which takes 
place between acids and bases. The greatness of this cisproportion, and the 
greatness of the attraction between oxygen and the radical, determine the strength 
of the acid and the saline basis. 

Results show that this view of the difference in the attractions of bodies is 
founded in nature. In this way it is possible from the properties of bodies to 
draw conclusions respecting their constituents ence it becomes intelligible why 
the acid is deposited at the positive pole and the basis at the negative pole of the 
galvanic battery: why some substances, as arsenic and sulphur, form with oxygen 



7819.) with Bases and indifferent Substances. 39 

Chemists supported their opinions respecting the acids by the 
analogy of sulphuretted hydrogen, prussic acid, oxymuriatic 
acid, &c.; and with respect to the sale bases, on the contrary, 

by the efhers containing acids completely neutralized, the acid 
in them being disguised by the alcohol precisely as if it were a 
saline basis. But these ethers (thermates) contain only a por- 
tion of the alcohol, or at least the alcohol in an altered state. 
Besides, it may be demonstrated that the two constituents 

cannot be separated as in the salts by a strong saline basis ; nor 
when separated can they be again united into ether. These 
facts show us that the case must be different from what is 
commonly supposed. The following general observations will 
probably throw some light on the subject. 

Alcohol and almost all the substances belonging to the class of 
indifferent or acid bodies, whether derived from the organized or 
unorganized kingdoms of nature, are incapable of saturating acids; 
or of destroying the acid property of bodies; but these bodies, 
in most cases, unite themselves to the strong acids in the same 
way as the saline bases do, without losing any of their consti- 
tuents, except heat and water. ‘The compounds produced by 
this union still continue acid, and are generally distinguished 
from the salts by this circumstance, that they cannot be decom- 
posed by the action of the most powerful saline basis. By such 
combinations peculiar acids are produced, which have not the 
smallest resemblance to the acid, which enters into them as a 
constituent, and to which they are inferior in strength. To this 
class of bodies belong the alcoholic acids and all the acids 
produced by the combination of a strong acid with an indifferent 
substance.* 

The subhydrates and hydrates, or the combinations of the acids 
with the first doses of water (an indifferent substance), which 
are necessary to them as a basis, have the greatest resemblance 
to the alcoholic acids, and belong to the same class with them ; 
only in these hydrates the water (the second constituent of such 

acids; while others, as lead and calcium, form with it saline bases; and why 
acids and saline bases endeavour so eagerly to unite together. Hence likewise 
we can form a general notion of what an acid and a saline basis is. Hydrogen, 
sulpbur, and similar bodies, are in the same situation. That sulphur forms an acid 
with hydrogen ceases to be surprising when we know that sulphur itself possesses 
the properties of an acid, and that it is capable of neutralizing acids. It would 
exhibit the properties of other acids, and be still a stronger acid than sulphuretted 
hydrogen, if it were soluble in water. Hydrogen communicates to it the property 
of dissolving in water, and of course renders it capable of reddening litmus. It is 
pircadly established that a body destitute of the properties of a saline basis is not 
capable of neutralizing acids, The consequence of this must be, that the acid sul- 
phur, when united with the indifferent body hydrogen, must still constitute an 
acid, and that when united with the saline bases, it must constitute a salt. Sul- 
phuretted hydrogen of course may be compared with the alcoholic acids, It is 
the sulphur which gives to these last acid properties, Cyanogen, whose acid nature 
is weakened and neutralized in the thermate by heat, is in a similur situation. 

* The alcoholic acids overturn the opinion that alcohol possesses the property 
of neutralizing acids like the saline bases. Even those who will not admit that 
heat is a constituent of ether, must atleast allow that the ether furmed by the action 
of an acid does not contain alcohol, but only the elements of that substance. 
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acids) is not so intimately combined as the alcohol in the aleo- 
holic acids. We must, therefore, give them the name of hydrous 
acids, in the same way as we call the others alcoholic acids ; for 
they combine without any decomposition with the weak saline 
bases forming hydrous salts. With the strong saline bases, 
they do not form such compounds ; for when they unite with 
them, the water, their second constituent, is separated and driven 
off. Thus we are acquainted with hydrous sulphate of alumina, 
but with no real anhydrous sulphate of alumina; for alumina is 
not capable of separating sulphuric acid from water. We know 
likewise, from the doctrine of definite proportions, that alumina 
ought to combine with a greater proportion of sulphuric acid 
than it actually does; for water not merely diminishes thestrength 
of acids, but likewise their capacity for the saline bases ; as is 
the case with the alcohol m the alcoholic acids. The truth of 
this assertion is proved by the neutral protoinothionate of lime, 
which, when heated, is converted into neutral sulphate of lime, 
while a portion of free sulphuric acid is disengaged. 

As the water is only weakly combined in the strong acids, the 
powerful saline bases, as barytes, potash, &c. separate it, and 
form, when placed in contact with hydrous sulphuric acid, pure 
sulphates. Hydrous sulphate of the powerful saline bases do 
not exist. . The hydrates of these are nothing else than combina- 
tions of the salts and water. Inthe alcoholic acids, the alcohol 
is more firmly combined than the water in the hydrous acids; 
accordingly they form alcoholic salts both with the strong and 
weak bases, without any exception; and we have not merely 
alcoholic sulphate of alumina, but likewise alcoholic sulphates of 
barytes and lime. 

These observations throw light upon the dispute which exists 
at present respecting the compounds of chlorine and hydrochlorie 
acid (as it has been called). The weak saline bases, which are 
not capable of separating the water from the muniatic acid, unite 
with it so as to form hydrousmuriates ; but the strong bases 
form real muriates, possessing the property of separating the 
muriatic acid from the water. Hence it happens that while the 
salts which contain the hydrous acid are easily decomposed by 
heat, the others, on the contrary, are not in the least altered by 
heat ; for as the hydrous acid contains in the water a basis, 
according to the condition of its constitution, it does not stand 
in need of the saline basis, being already united to the water. 
The heat does no more than separate the saline basis, and unite 
itself to the hydrous acid in its stead, constituting a thermate 
in which the heat is united to the hydrous acid like a base. The 
hydrous and alcoholic acids are always weaker than the strong 
acids of which they are composed ; while the water and the 
alcohol diminish their capacity for the saline bases.* 

* The volatile acids, which contain heat, and being united with it into ther- 
mates, do not require water, are not to be ranked with these. Heat in them cony 
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The strong acids form, as has been shown, with alcohol the 
first alcoholic acids, which are less powerful. Most of these, 
when exposed to the action of heat, are decomposed into two 
new compounds ; that containing the caloric, the ether thermate, 
for example (sulphuric ether) comes over, and that containing 
the water, the hydrous acid, for example (the second oimothionice 
acid) remains behind. This compound of water is often, by 
exposure to the air, converted by absorption of oxygen into a 
third acid (third oinothionic acid), and sulphuric acid. The last 
two alcoholic acids contain only fragments of the alcohol; but 
they contain all the elements of sulphuric acid. The ether, on 
the other hand, contains none of the constituents of the acid. 
Hence we must conclude that it is a compound of caloric and of 
the fragments of the alcohol. But to this there are many 
exceptions. 

The salts which these new acids form with the saline bases 
are almost all very soluble, and become still more interesting on 
account of the products which they yield when exposed to the 
action of heat. These very remarkable acids and their salts are 
easily obtained by mixing cautiously the strong and concentrated 
acids in excess with organic bodies, and by saturating the diluted 
liquids with carbonate of lime, of barytes, or any other base, and 
then evaporating them in a very gentle heat with an excess of 
the base. These acids, when subjected to distillation, yield acid 
and ethereal products. ‘Their salts yield likewise other remark- 
able acids, which have some resemblance to meconic acid, 
succinic acid, and rhussic acid.* 

The neutral ethers, which contain an acid, cannot be com- 
pared with the binary compounds of alcohol and an acid, which 
always possess acid properties. They are triple compounds, 
into which an imponderable body, heat, enters as a true consti- 
tuent, after the manner of the ponderable bodies, and with the 
assistance of the altered alcohol holds the acid so closely 
fettered, that the saline bases are not capable of disengaging it. 
Hience the separation of the constituents of ether is a difficult 
process. Thus, for example, the compound of the most con- 
centrated alcohol and muriatic acidiis an acid, and analogous to 
oinothionic acid, being, like it, weaker than muriatic acid. 
Muriatic ether is quite a different thing; namely, a product, 
formed by an alcoholic muriate destroyed by heat; and conse- 
quently, like sulphuric ether, is a compound into which heat 
enters as a constituent, and plays an important part, since, in 
company with the altered elements of the alcohol, it neutralizes 
the acid of the ether, and keeps it so firmly fettered, that tlie 

stitutes a suflicient basis. The gas, or the vapour of these acids, on the contrary, 
‘are always thermo-hydrates. The water appears to constitute in them a first basis. 

* This acid, similar to succinic acid, is found abundantly in the berries of the 
Rhus typhinum, which ripen in the winter. {[t has in some cases a stronger affinity 
for lead than sulphuric acid has. I shall give a more particular account of it 
hereafter. 

6 
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strongest bases are not capable of disengaging it. I name these 
compounds thermates and subthermates (from the analogy of 
hydrates and su/hydraées), because in them the heat is as notable 
an ingredient as water is in the hydrates. 

Many compounds to which the name of hydrate is given do not 
correspond with these characters; for a true hydrate is a com- 
pound of a substance with thermate of ice (water). The heat in 
these compounds is a more important and more active ingredient 
than theice. Such are the true hydrates. From them we must 
distinguish the compounds which do not contain heat as a con- 
stituent, but simply ice; as, for example, the crystals of salts. 
This circumstance explains clearly and fully why different bodies 
when they unite with water evolve a high degree of cold or of 
heat, Suppose a substance which has a strong attraction for 
water, hydrate of ice (as crystallized muriate of lime), to be 
placed in contact with ice, the salt, in consequence of its attrac- 
tion for water, obliges the heat (to speak figuratively), which is in 
the neighbourhood, to enter into combination-with the ice, and 
form a hydrate of ice, in order to satisfy this attraction. The 
salt thus saturated with thermate of ice constitutes a true hydrate. 
Consequently the cold produced must be the more violent the 
greater the attraction-of the salt for the thermate and the less 
heat there is in the neighbourhood ; that is to say, the colder 
the mixture was. If, on the other hand, a substance, as hme, 
which has a stronger attraction for ice, be placed in.contact with 
the thermate of ice, it separates the heat from the thermate, and 
unites itself with the ice in its place. Hence the solid hydrate 
of lime is not a true hydrate, but a compound of lime and ice. 
This is the reason why heat is evolved when such a compound 
is formed. The compounds which the oxide of hydrogen forms 
in the state of ice must be carefully distinguished from the 
hydrates or the compounds into which water enters in the state 
of water. We shall see hereafter that there are other subdivi- 
sions of these last. 

I come now again to the thermates.. They may be very well 
compared with the salts. Thus in neutral compounds of heat 
with free anhydrous acids, as thermate of carbonic acid, of sul- 
phurous acid, Xc. the heat is the only basis. There exist also 
compounds of heat and hydrous acids, which may be more or 
Jess saturated with water; and in them the water commonly 
performs the part of the principal bases. The vapour of the 
sulphuric acid, which does not smoke, and which of course is 
fully saturated with water, is the thermate of hydrous sulphuric 
acid. On the other hand, the gas or vapour of the dry sulphuric 
acid is a compound of heat with sulphuric acid not fully satu- 
rated with water. In this dry, volatile, sulphuric acid, crystal- 
lized like amianthus, the heat and the water appear to constitute 
equally the basis. Hence it may be considered as a subhydro- 
thermate of sulphuric acid, or as sulphuric acid united at once 
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with heat and with water. There exist likewise other solid 
compounds, which contain-heat, and, as it sgems, light likewise 
(for where heat exists, light may unite also). To these belong 
sulphur, &c. 

How necessary heat is to many bodies to render them perma- 
nent appears from carbonic acid (thermate of carbonic acid), 
which is a simple compound of heat, or another basis, and would 
probably be decomposed, as alcohol and several similar therm~- 
ates are, if it were possible to deprive it of the heat which 
gives it the gaseous state, without, at the same time, uniting it 
with another equivalent basis; for from the relation of carbon 
to oxygen and to its compounds ; namely, oxygen gas (thermate 
of lightoxide) and oxymuriatic acid, it is evident that only a 
weak attraction exists between them, which is overcome b 
light, since carbon is only able to separate the light-or-fireoxide 
(the basis of oxygen) by the assistance of heat; for heat is 
favourable to combustion, and occasions it in consequence of 
the attraction between carbon and lightoxide. The union 
of carbon with oxygen, therefore, can only take place in conse- 
quence of the influence of a third substance ; and for that reason 
carbonic acid is always a compound of heat or another basis, 
which of itself has too little affinity for oxygen to decompose 
oxygen gas.* ‘ 

As carbonic acid and almost all the gases are to be con- 
sidered as compounds of heat, there exist in like manner 
many other bodies, which are composed of three or four consti- 
tuents, in which all the ingredients urge to union in order to 
satisfy their attraction for each other. Thus all oxides (as of 

* From this proceeds in part the enigmatical relation of oxymuriatic acid to 
carbon, notwithstanding the great mass of heat which it contains. Oxymuriatic 
acid is a double compound of light-or-fireoxide and muriatic acid, just as muriatic 
acid is acompound of muriatic acid and water, Now as carbon and oxygen unite 
only by means of heat or some other basis, still less is carbon capable of decom- 
posing the triple compound in which oxygen exists in oxymuriatic acid (namely, 
light, or the basis of lightoxide, lightoxide in muriatic acid; and this double com- 
pound again united with heat), even when assisted by heat ; because the more heat 
is thrown into this acid, the firmer do its constituents remain united; for oxymu- 
riatic acid in its state of thermate is saturated with heat after the manner of a base. 
As in the preparation of oxymuriatic acid, the oxygen of the nitric acid or oxide 
of manganese separates the water from the hydrate of muriatic acid, and unites 
with the acid into adouble compound, which we call oxymuriatic acid ; it follows 
that muriatic acid has a stronger affinity for oxygen than for water. Carbon and 
heat, therefore, would be able to decompose the hydrate of muriatic acid more 
easily than oxymuriatic acid, even if this last had not so strong an attraction to 
heat as it has The combination would likewise take place, and carbon would 
separate the light from the lightoxide, if muriatic acid had a strong affinity for 
carbonic oxid¢, and if the carbon, in consequence of its affinity for heat, were 
capable of assuming the gaseous state. We can draw no conclusion from the ther- 
mate of carbonic oxide, because in it the oxygen seems to serve as a medium 
of union between the carbon and the chlorine. The reason why carbon, the metals, 
hydrogen, sulphur, and all the other combustibles, have such different relations to 
oxygen, and when united with that principle in the same volume and the same pro- 
portion, formsometimes acids, sometimés bases, and sometimes indifferent substances, 
I propose to show in another place, inan article on the attractions of the element- 
ary bodies, 
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platinum and gold) whose bases are not in a state to be separated 
without the assistance of another body, perhaps of a compound 
of oxygen, as oxygen gas, water, Xc. are compounds containing 
a third body, which owes its presence to this. Sahay 

i now return again to the combinations of acids with acids and 
imdifferent substances. What is already known respecting these 
combinations, we owe chiefly to the valuable labours of Chevreul; 
Thenard, and some other modern chemists ; but the facts which 
they have stated do not consist in direct combinations of these 
bodies, but of what may be called combinations of the fragments 
of their constituents. The same observation applies to the 
valuable researches of Bauhoff on the relation of alcohol to 
oxalic acid. They have not to do with alcoholic acids, the 
compounds which I propose to describe ; but with compounds 
of the fragments of organic bodies with acids, which are formed 
only by difficult processes. 

Appendix concerning Alcoholic Acids, and Acid Compounds 
derived from the Union of strong Acids with indifferent Sub- 
stauces. 

The preceding essay gives the method, very briefly indeed, but 
clearly, of forming the new acids with a double base ; but I 
consider it as still necessary to add some observations on the 
method of preparing these acids, and of the precautions which 
are requsite in order to ensure success, though the manner of 
forming them all is in some respects the same, yet every one 
requires some steps which are peculiar to itself. hen muriatic 
acid is employed, the water requires to be removed by means of 
sulphuric acid, or, still better, by means of nitric acid and 
chlorine. 

Protoinothionie Acid. 

Two volumes of absolute or very strong alcohol are to be mixed 
with one volume of concentrated smoking sulphuric acid. The 
alcohol and sulphuric acid let water and heat escape at the same 
time, and unite together, constituting protoinothionic acid. It 
is now to be heated, and to be slowly saturated with chalk, after 
having been previously diluted. A little gypsum is formed 
which is separated from the liquid by filtration through fine linen 
and washing with water. The liquid is now gently evaporated 
with a small addition of chalk; and as soon as a crust begins 
to appear on the surface, it is filtered while still hot. On cool- 
ing, protoinothionate of lime separates in soft plates. This salt 
possesses a peculiar acrid taste, attracts moisture from the 
atmosphere, takes fire when held in the flame of a candle, but is 
@ permanent salt at the ordinary temperature of the air. - When 
strongly heated, it becomes black, and exceedingly sour. This 
circumstance deserves attention, because it seems to be- the 
chief reason-why this acid, upon’ which so many persons -havé 
eed Faplexes in making experiments, was not sooner disco- 
vered. 
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..This decomposition, indicated by the evolution of the black 
colour, commences by a gentle evaporation in the upper part of 
the vessel, as soon as some salt has made its appearance in that 
place. If, in the first part of the process, an addition of chalk 
be not employed, a complete decomposition takes place, and the 
liquid, which did not at first indicate the presence of a trace of 
oimothionic acid, now contains a great excess of it. This protoi- 
nothionic acid, which is easily separated from its combination 
with lime or barytes by means of sulphuric acid, contains within 
itself the whole mystery of the formation of ether; for it gives 
out sulphuric ether. Many chemists maintain that sulphuric 
acid by its action on alcohol loses nothing of its capacity of 
saturation. They draw their conclusions probably from the 
acidity of the mixture before and after the distillation; but the 
result would turn out otherwise if the acid were examined before 
it has united with the alcohol. ; 

Almost all organic bodies and the strong acids exhibit the 
very same phenomena as we have just described. Accordingly as 
we employ subhydrated or hydrated acids, we obtain either 
perfect or imperfect acids. Whether the alcoholic acids be in 
this predicament, I do not know. From the oinothionic acids, I 
presume the contrary. 

The great extent of the set of bodies on which my observa- 
tions have been made has hitherto prevented me from entering 
mto minute details, and has confined me to trials upon consider- 
able masses of matter. Some interesting observations might have 
been made on this subject. It would have been curious to know 
how dry sulphuric acid would act when mixed with absolute 
alcohol, and whether, as is -highly probable, together with 
protoimothionic acid, there be formed at the same time a quantity 
of common hydrous sulphuric acid. I suppose that the water 
separated from one portion of the acid by the alcohol unites 
itself to another portion of the acid, and forms the common 
hydrate of sulphuric acid. This becomes still more probable 
when we consider that a mixture of very concentrated sulphuric 
acid and absolute alcohol in which there was a great excess of 
the latter still acted as sulphuric acid. 

Deutoinothionic Acid. 

The residue, after the distillation of ether, which has been 
several times treated with alcohol and completely freed from 
ether, but still fresh, and not black or decomposed, is to be satu- 
rated with chalk, and treated as before directed. The deutoino- 
thionate of lime thus obtained has a very sweet taste, and 
possesses the peculiar property, when exposed to the air, of 
absorbing oxygen and being decomposed into a great deal of 
concentrated sulphuric acid and tritoinothionic acid. Hence 
we see the reason why the residue from the preparation of ether, 
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when exposed to the air, recovers again the property of giving 
out ether which it had lost, and why it’ is then capable of satu- 
rating a greater quantity of a saline basis than it was before. 
The deutoinothionic acid is decomposed as well as its salts into 
much sulphuric acid and the tritoinothionic acid. It is formed 
indirectly by the action of heat from the protomothionic acid, a 
portion of the elements of alcohol being removed by the superior 
power of the heat. Hence arises a disproportion between the 
too great quantity of sulphuric acid and the too small quantity 
of the elements of alcohol, which occasions the decomposition 
of this acid in the air. 

Tritoinothionic Acid. : 

This acid is most easily procured by exposing the second acid, 
or the exhausted residuum after the distillation of sulphuric ether, 
to the air till it ceases to absorb oxygen. The diluted liquid is 
then saturated with chalk and evaporated. The tritomothionate 
of lime deliquesces in the air, but is a permanent salt, and, like 
all the alcoholic salts, is combustible. Its taste is nearly the 
same with that of the protoinothionate of hme, to which salt 
indeed it bears a strong resemblance. 

The alcoholic acids are in this way easily separated from the 
time or barytes with which they are combined. When distilled, 
they yield other products. The three oinothionates of lime yield, 
when distilled, three new volatile crystallizable acids, similar to 
succinic acid and to rhussic acid, sulphurous acid gas, liquid 
sulphuric acid, and an exceedingly pleasant smelling ethereal 
gas. The remaining acids formed by the union of the strong 
acids with organized bodies give similar products.* 

I have thus exhibited to the eyes of inquirers a land not 
hitherto traversed, which promises a rich harvest of discoveries 
to those who choose to enter upon it. The statements contained 
in this paper are sufficient, 1 conceive, to justify me in this 
confidence. Meanwhile the new acid compounds thus detected 
do not constitute the whole of the novelties to be expected from 
this kind of research. Kirchhoff’s starch sugar from amylo- 
thionic acid shows us that other new bodies are likely to be 
discovered by further researches. 

* That the acids and the salts containing nitric acid, united to organic bodies, 
give out likewise substances containing azote, I conjectured, when I distilled 
protoinonitrate of lime ; for the vapour which came over occasioned in me a very 
severe malady. This was the case likewise with meconic acid, But more of this 
in another place. 
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Artic.te VIII. 

ANALYSES OF Books. 

Recherches sur 0 Identité des Forces Chimiques et Electriques. 
- Par M. H. C. Grsted, Professeur a (Université Royale de 
Copenhague, et Membre de la Societé Royale des Sciences de la 
méme Ville, &c. Traduit de Allemand par M. Marcel de 

- Serres, Exv-Inspecteur des Arts et Manufactures, et Professeur 
de la Faculté des Sciences & UC Université Imperiale; de le 
Societé Philomatique de Paris, &c. Paris, 1813. 

(Concluded from vol, xiii. p, 463.) 

Cuap. VI.—Of the Production of Light. 

Our author considers it as established that both light and 
heat are produced by the same kind of forces ; but ina different 
state of activity. The evidences are, that it is a general law 
that every body, when heated to a certain temperature, becomes 
luminous ; and that, on the other hand, when light falls on a 

* body without being reflected, the body Honore hot. To eluci- 
date this view of the subject, he goes over the different pheno- 
mena of light, and shows that they all agree with his theory, and 
serve to confirm it. With respect to the colours emitted by a 
burning body, he is of opmion that when the force of combusti- 
bility preponderates, the light emitted is blue or violet ; when the 
burning force preponderates, the colour is red or yellow ; and 
when they are in equilibrio, the light is green if the combustion 
be feeble, and white if it be strong. 

I may remark that some of the < consequences naturally newts 
from this theory are hardly reconcileable with the present state of 
our knowledge. Heat and light ought not to pass through a 
perfect vacuum ; yet we know “that electricity at least appears in 
the torricellian vacuum. This last fact seems scarcely consistent 
with the notion that the electric spark is merely incandescent 
air. 

Crap. VII.—Observations on the Existence of the General Forces 
in Organic Bodies. 

The phenomena of animals (for those of plants have not been 
examined under this point of view) exhibit abundance of proofs 
of the existence of the general chemical forces in them. The 
nerves are excellent conductors of electricity in the living animal, 
and in conjunction with the muscles are capable of forming a 
kind of galvanic circuit. Prof. Girsted conceives that the galva- 

~ nic pile may serve to give us a kind of imperfect idea of the way 
in which organic bodies act. He-thinks that muscular motion 
may be accounted for by the galvanic energy exerted by the 
nerves on the muscles. § 
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Cuar. VIL.—Of Magnetism. 

Magnetism has been always considered as analogous to elec- 
tricity. Its phenomena of course must be the result of the action 
of the same kind of forces. There is only one difficulty that 
occurs to oppose our concluding that the electric and magnetic 
forces are the same, and that is, that electric bodies act upon 
magnetic bodies as if they were not endowed with any peculiar 
force. Our author not bemg able to deny the existence of this 

- difficulty, endeavours to elude by pointing out some phenomena 
in electricity itself of somewhat an analogous nature. 

He notices in this chapter an opinion of Ritter, which has 
since been confirmed; namely, that the aurora borealis is a 
magnetical phenomenon. Hansten, a Danish mathematician, 
has proved that the earth has four magnetic poles, as Halley had 
conjectured. He has found that the aurora borealis appear 
always in their greatest intensity round these four poles, and 
that the radii are parallel to the magnetical inclination. 

Cuap. 1X.—Constderations on the Theories in the Experimental 
Sciences, and Synoptical View of the Principles of the Dynamic 
System. 

After some very judicious observations on the way in which 
the experimental sciences advance, and on the necessity under 
which we are to connect the facts in them by means of theory, 
our author terminates his work by the following epitome of the 
theory which he has endeavoured to.establish in it. 

Two opposite forces exist in all bodies, and of which they 
never can be altogether deprived. Each of these forces has an 
expansive and repulsive action in the medium in which it predo- 
minates ; but they attract each other, and produce a contraction 
when they act on each other. The most free action of these 
forces produces the electric phenomena. These forces may be 
condensed, retained in a certain space, and. even rendered 
entirely latent, by their attraction for each other. 

‘Their passage from one point to another is so much the more 
difficult the greater their quantity and the smaller their intensity 
is. But when they are at once feeble, in great quantity and 
latent, or almost latent, they cease to be transmitted even by 
contact, if this change is not favoured either by the intervention 
of very intense forces, or by an augmentation of the conducting 
ower. 

. It is in this state when the forces are too latent to produce the 
electric phenomena that they constitute the chemical properties 
of bodies. The way in which these two forces are disposed, and 
the state of cohesion and of conductibility which proceeds from it, 
as well as degree of preponderance of one of these forces over 
the other, form the principal differences which exist between 
bodies. The quantity of the preponderating force is always very 
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‘mall in comparison of those which are in equilibrium in the 
body. 
The forces which act as chemical properties, or,-in other 

terms, as affinities,” exist in bodies in three principal forms, 
which give us three series of affinities ; viz. of bodies not burnt, 
of burnt bodies, and of salts. ; 

In each of the first two. series, there are antagonist bodies 
distinguished by the excess of the one or the other of these two 
forces. The combination between two similar bodies does not 
make them leave their series of affinity, while the union of two 
antagonist bodies makes them pass into the following series. 

The same force which produces combustibility in the first 
series, produces alkalinity in the second; and the force which 
in the first series is burning, gives in the second acidity. Thus 
every body which has undergone combustion contains at once 
alkalinity and acidity, one of which is often too weak to be 
perceived. 

The intensity of the alkaline and acid forces depends upon the 
excess of the predominating force, and on the liberty which it 
enjoys ; their quantity, or which comes to the same thing, their 
capacity for the antagonist body, depends, on the contrary, in 
the alkalies, on the quantity of burning force, and appears to 
depend in the acids on the quantity of the force of combusti- 
bility. 

; The greatness of a chemical action ought to be in a ratio com- 
posed of the intensity and the quantity of the forces, abstracting, 
however, the circumstances favourable or unfavourable to the 
combination, as the heat, the state of the combination, &c. 
Whenever the two forces unite in circumstances in which they 

cannot be perfectly conducted, heat is produced; whether we 
unite the electric forees disengaged by our apparatus, or make 
them unite the moment they are disengaged, as in friction, or 
put them in action by chemical combinations. . 
When the conducting power of a body diminishes, there is 

hkewise a disengagement of heat. 
When, on the contrary, the conducting power increases, the 

consequence is a diminution of temperature. 
The propagation of electricity bemg produced by disturbing 

the equilibrium of the natural forces in the bodies, and this dis- 
turbance being the greater the more violent the transmission is ; 
heat, which is merely an effect of this transmission, ought to 
consist in a disturbance of the equilibrium. 

The equilibrium of forces is always accompanied by a contrac- 
tion; therefore, the disturbance of this equilibrium produced by 
heat ought to diminish the contraction ; that is, dilate bodies. 

Hardness, brittleness, solidity, having for their cause a certain 
direction of the interior forces, or a determined situation of the 
‘molecules of bodies, these properties ought to be weakened, and 

Vou. XIV. N°I. 
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at last destroyed, by the disturbance of equilibrium produced by 
heat. 

It is by'the same disturbance of equilibrium that bodies in 
general become more decomposible at a high temperature, more 
proper to enter into combination with others, and at the same 
time better conductors of the electric forces. 

The calorific action may pass into the state oflight ; and, vice 
versa, the luminous action may pass into that of heat. 

The calorific action approaches more and more to the state of 
light in ‘proportion ‘as the reaction of the forces in it becomes 
more intense; which ‘supposes likewise a greater velocity. The 
velocity of calorific, luminous, and chemical rays, follows 
according to our principles, as well as those of optics, the order 
of their ¥efrangibilities. 

ArricLte IX. 

Proceedings of Philosophical Socteties. 

ROYAL SOCIETY. 

April 22.—A paper, by Capt. James Anderson, R.N. wasread, 
entitled ‘‘Some Observations on the Peculiarity of the Tides 
between Fairleigh and the North Foreland, with an Explanation 
of the supposed Meeting of the Tides near Dungeness.” After 
‘some general remarks on the common opinion respecting the 
meeting of the tides between Dungeness Point and Rye Harbour, 
Capt. A. proceeded to describe the peculiarity of the channel at 
that point, and its very sudden contraction between Dungeness 
‘and Ukpe DiAlprée, arid between the South Foreland and Calais 
‘Point. Th consequence of this contraction, the western tide, 
according to the author, meets with a resistance in its ‘course at 
Dungeness and Cape D’Alprée ; ‘and the water must continue to 
accumulate until it deepens and widens the channel ‘so as 'to 
become adequate to its discharge. To this ’accurhulation, the 
author principally referred the peculiarities of the rise and fall of 
the ‘tides in ‘the neighbourhood of the above-mentioned places. 
That' the tides do not meet ‘at Dungeness in a line across the 
channel 1s further proved by the absence of that violent concus- 
‘sion of ‘the waters which would occur in such a case. The fact 
is, according to Capt. A. that the formation of the coast by gra- 
“dually altering the course of the tides between the South Fore- 
Tand*and the Buoy of the Nore'from E.N.E. to W.N.W. occasions 
a gentle blending of the waters, ‘so ‘that there is a'strong eddy 
about the Kentish Knock, and a foaming Tippling where they 
+meet'and proceed together. 

“At this ‘meeting, ‘a paper was also'read, by Sir E. Home, onthe 
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ova of the opossum tribe. After alluding to the formation of 
the ova of quadrupeds, as described by him on a former occasion, 
the author proceeded to the subject of his present paper. The 
ova of the opossum tribe are formed differently from the ova of 
quadrupeds, and constitute two distinct gradations between that 
class of animals and the ornithorhynchus paradoxus, which last 
approaches so near the bird as to complete the series between 
quadrupeds and birds. The formation of an ovum in the kanga- 
roo was first described. ‘This, when expelled from the corpus 
luteum, receives a yolk in the fallopian tube, and subsequently 
an albumen in the uterus. The foetus, when remoyed trom the. 
uterus into the marsupium, attaches itself to the nipple as for- 
merly described.* In the wombat, and the great and small 
opossum, instead of corpora lutea, yolk bags are imbedded in the 
substance of the ovarium, and there are two uteri with a fallopian 
tube to each, the ovum in each uterus being separately impreg- 
nated in its owncayity. The mode of formation of the ova in the 

- grnithorhynchus paradoxus constitutes the intermediate link 
between the opossum and bird, In this animal, the yolk bags 
are imbedded in the ovaria, and instead of a regular uterus, each 
fallopian tube swells out into a cavity in which the ova are 
impregnated. 

A paper was read, by J. F. Wood, Esq. entitled “ A Case of 
a Blue Child, with the Dissection.” This child lived 21 months, 
On removing the pericardium after death, a large vein was 
observed descending on the left side of the thorax, and terminat- 
ing in the right auricle of the heart, im which the superior yena 
cava also terminated by a distinct opening. The auricle wag 
large, and the foramen ovale pervious. The aorta and pulmonary 
artery arose from the right ventricle, the cavity of which was 
hkewise large and strong, and had no communication with the 
left, except by a foramen through the septum, which divides the 
ventricles. Such were the chief peculiarities observed in this 
case, which were illustrated by drawings. 

There was likewise read at this meeting, a paper, by W, Mor- 
an, Esq. entitled ‘ Observations on the new System of diagonal 
raming, introduced into his Majesty’s Navy by R. Seppings, 

Esq.” After some general observations upon other suggested 
jmprovements, the author proceeded to state his reasons for pre- 
ferring Mr, Seppings’s principles, and to point out the advantages 
arising from their adoption. The paper was accompanied by 
drawings illustrative of the subject. ; 

April 29.—A paper, by Dr. Brewster, was commenced, on 
the optical and physical properties of tabasheer, 

_ May §.—Dr. brewster’s paper was concluded. After men- 
tioning the mode of formation and chemical properties of taba- 
sheer, Dr. B. proceeded to state that there are es varieties of 
this substance ; one possesses a milky transparency, and reflects 

* See Phil, Trans. yol.Ixxxv. and c, 
p2 
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a bluish light ; another is transparent ; and the third opaque. 
The first two varieties give out air, and become transparent when 
placed in water. The third likewise gives out air, but remains 
opaque. If the first varieties be only slightly wetted, they 
become quite opaque. The first two varieties resemble the 
hydrophanous opal in the property of becoming transparent when 
put into water, but differ from it remarkably in becoming opaque 
from the application of a small quantity of that fluid. As taba- 
sheer disengages more air than the opal, its pores must be more 
numerous ; and, therefore, the transmission of light, so as to 
form a perfect image, indicated either a very feeble refractive 
ower, or some peculiarity in the construction of its pores. 

Dr. B. accordingly found by experiment that this curious sub- 
stance has a lower refractive power than any other solid, or even 
liquid, and that it holds an intermediate place between water and 
the gases. Numerous experiments were detailed with the view 
of determining the power of tabasheer to absorb different fluids, 
and to ascertain the corresponding effects produced upon its 
optical properties, specific gravity, &c. The paper was con- 
cluded with an attempt to explain the cause of the paradox 
exhibited by the first two varieties of tabasheer, of becoming 
opaque by a small quantity of water. : 
May 13.—A paper, by T. A. Knight, Esq. was read, upon the 

different qualities of spring and winter felled oak trees. 
. The author concluded from his experiments and observations 
that in all cases where it is essential to give durability to the 
alburnum of the oak, the tree should be barked in the spring, 
and felled the ensuing winter. 

At this meeting also, a paper, by Dr. Marcet, was begun, 
entitled “On the Specific Gravity and Temperature of Sea 
Waters in different Parts of the Ocean and in particular Seas ; 
‘with some Account of their saline Contents.” 

May 20.—Dr. Marcet’s paper was concluded. The object of 
this interesting memoir was to determine the general properties 
of sea waters in different parts of the ocean and at different 
depths, with the view of ascertaining whether they differed 
from one another, and in what respect. The investigation was 
begun several years ago in conjunction with the late Mr. Tennant, 
and in order to render it as complete as possible, every opportu- 
nity was taken to collect specimens from all parts of the globe. 
After these preliminary remarks, Dr. M. proceeded to deseribe 
the instruments which had been contrived to raise water from 
different depths, or from the bottom of the seas when practicable, 
and which had been employed in collecting the different speci- 
‘mens. ‘The three great pomts kept in view in the course of the 
examination were, their specific gravity, their chemical compo- 
sition, and their temperature, when this could be ascertained ; 
and the author gave a circumstantial detail of the precautions 
attended to in the investigation of each of these important 
points. The results of the author’s numerous observations and 

ieee rt i i 
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experiments were arranged in the form of tables, and conse- 
quently did not admit of being detailed. The general conclusion 
from the whole was, that the composition of sea waters in all 
parts of the ocean is very nearly the same, both with respect to 
the nature of the saline matters and their relative proportions to 
one another, and that they only differ from one another with 
respect to the absolute quantities of salt they contain. 
-In the course of the paper, the following interesting facts 

were mentioned. Dr. M. had been furnished with specimens of 
sea water from both the late aretic expeditions ; and on compar- 
ing the labels attached to them, he found that in the Greenland 
seas the temperature, as ascertained by Lieutenants Franklin 
and Beechy, uniformly zncreased with the depth ;, while in Baffin’s 
Bay, according to the observations of Capt. Ross and. Lieut. 
Parry, it as constantly diminished. With respect to the compo- 
sition of these waters, Dr. M. found that specimens taken from 
the surface were not generally less saline than those taken from 
great depths, unless the surface had been lately thawed, when 
the quantity of saline matter in the surface water was much 
diminished. ; 

In speaking of the general composition of sea waters, Dr. M+ 
stated the important discovery made by Dr. Wollaston that they 
uniformly contain potash. The proportion of this alkali present, 
Dr. W. estimates at somewhat less than th part of the 
water at its average density ; and he supposes it exists in the 
state of sulphate. 

SOCIETY FOR THE ENCOURAGEMENT OF ARTS, MANUFAC- 

TURES, AND COMMERCE, 

This Society has voted the following rewards since April last ; 
Mr. T. Hack’s Chuck for a Lathe—This is somewhat similar 

to Mr. Bell’s, before-mentioned ; but it has four studs; and its 
construction is somewhat simplified. The Society voted its 
silver medal to Mr. Hack for this contrivance. 

Mr. J. Beckway’s Hay-weigher and Binder.—This instrument - 
is made conveniently portable, and will be found exceedingly 
useful in adjusting the weight of trusses of hay, &c. They can 
also be more conveniently bound in this machine. The silver 
Isis medal and 15 guineas were awarded to Mr. Beckway for this 
anvention. 

Dr.W.W. Thackeray’s, Mr. Creyke’s, and Mr. Palmer's Plan- 
tations of Timber Trees.—These plantations are made upon land 
unfit for tillage; and the Society voted the gold medal to Dr. 
Thackeray, the silver medal to Mr. Creyke, and the silver Cere 
medalto Mr. Palmer, for their valuable labours. 

Mr. T. Lane’s Fruit-Gatherer.—This useful instrument is 
affixed to a light pole of considerable length, and is made to 
grasp and hold the fruit firmly, but without injuring it. The 
silver Ceres medal, or 10 guineas, was adjudged to Mr. Lane for 
his invention, 
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My. Edward Roberts’s Churn —This churn has two agitators 
within it, and will be found to separate the butyraceous parts of 
the cream with great facility. The sum of five guineas was 
voted to Mr. Roberts for this contrivance. ' 

Mr. Aloys Senefelder’s Treatise on Lithography.—Mr. Sene- 
felder was the original inventor of this valuable art, and his 
treatise contains the history and results of his discoveries with 
humerous recipes for making the inks, crayons, machines, and 
other apparatus, necessary in the process. The Society awarded 
its gold medal to Mr. Senefelder, as a testimony of its sense of 
his useful labours. Site 
Mr. D. Redman’s Specimen of Lithography upon English 
Stone.—The silver Isis medal was voted to Mr. Redman for this 
specimen. pas 

Mr. C. Hudinandel’s Specimens of Lithography executed upon 
Foreign Stones.—The Society voted its silver medal to Mr. Hul- 
4nandel, for his masterly performances in this art. 

Mr. Hinning’s Restorations and Casts of the Friezes in the 
British Musewm.—The Society awarded its gold Isis medal to 
Mr. Hinning for this laborious performance. 

Mr. J. White’s Double Door Spring. —This invention 1 for 
the purpose of permitting the doors to open both ways, and yet 
+o retain them when shut, with sufficient firmness. The Society 
adjudged its silver Isis medal to Mr. White for his invention. 

Lieut. T. Cook’s Life-Raft.—-This valuable apparatus can be 
_ made in a very short time, from materials always on board ship, 

or it may be kept in a very seg form, always ready for use ; 
and may prove the means of saving many lives in case of ship- 
wreck. The Society voted its gold metal for this invention. 

Mr. Brabazon’s Row-Lock.—This is an improved mode of 
‘supporting the oars in boats, and particularly m life-boats; and 
for this contrivance, the Society awarded its silver medal. 

Mr. J. Young’s British Opium.—Mr. Young has considerably 
improved the method of collecting this valuable medicine ; and 
has ‘proved that it may be procured m this country with sufficient 
profit ‘to induce the ‘agriculturist to cultivate the poppy for this 
purpose, as well ‘as to extract oil from its seeds. ‘The Society 
adjudged its gold medal to Mr. Young for this improve-~ 
‘ment. : 

Mr. Aust’s Circular Pump.—In this pump, the barrel and 
ump-rod ate made ‘circular, and the latter forms one iéce with 

the handle, which, turning upon an axis in the centre of the circle, 

there is nothing to disturb the circular motion of the piston in the 
‘hairel, and the pump becomes exceedingly simple, consists of 
but few parts, and can consequently be made cheap. The sum 
of 20 ¢umeas was voted to Mr. Aust for this contrivance. 

Mr. W. Russell’s Lock-Cock.—The handle of this cock cannot 

‘be turmed, until a ‘stud screwed into the side of it is unscrewed 

by means of a key applied to it; in some cases Mr. Russell 
applies a Bramah’s lock to this purpose, and the cock, therefore, 
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becomes a very secure means of preventing the fraudulent waste 

of yaluable liquors. The Society voted its silver metal. 

Mr. Ainger’s Self-Adjusting Crane.—This is a contrivance 

tending to equalize the power applied to work a crane according 

to the weight to be raised by it. The silver medal was awarded 
to Mr. Ainger. 

ROYAL DANISH SOCIETY OF SCIENCES. 

View of the Transactions of the Royal Danish Society of Sciences, 
and of the Works of wuts Members, from May 31, 1817, to 
May'31, 1818. By H. C. CErsted, Professor, and Knight of 
the Cross of Dannebray. 

During last year, the following gentlemen were elected foreign 

members : ” 
For the Mathematical Class.—Mr. Wiebeking, of Munich, 

Privy-Councillor and Knight; Mr. Flanti, of Naples, Professor. 

For the Physical Class—Mr. Gieseke, of Dublin, Commander 

of Dannebray ; Mr. Jameson, of Edinburgh, Professor. 

When Kepler had discovered the law for the motion of the 

celestial bodies, viz. that the times in which given arches are run 

through are proportional to the planes inclosed between the said 

arches and the rays drawn to the centre of the powers, the pro- 
blem of dividing a circle from a given point of the diameters in a 

given proportion naturally occurred to him; for if this problem 

could be resolved with respect to the circle, the same must be 

the case with the ellipsis. 
“He proposed this question to the mathematicians, adding, 

that he did not believe it could be resolved in a direct manner ; 

and whoever could show him the contrary should be his magnus 

Apollo. The problem afterwards bore his name, and has 

since been considered by many mathematicians of the first rank. 

The discovery and progress of the analysis furnished the mathe- 
maticians with means enabling them to approximate more and 
more to an accurate solution of this celebrated problem. 

-Jeaurat had already set out the true anomaly by the middle 
anomaly unto the sixth power; Cagnoli unto the ninth; but as 

they merely gave results without any general formulas by which 
the explanation of the results thus found out might be continued 

a pleasure, no great progress was made as yet towards the real 

object. 
A was reserved for the celebrated astronomer Schubert to 

remedy this defect. By explaining the terms for the functions 

of the eccentric anomaly, and by conveniently adapting it to the 
terms of the true one, this great analyst succeeded in giving a 
direct solution of Kepler’s problem. In “ Bode’s Astronomiches 

“Jahrbuch,” for the year 1820, this solution is found, together 
with the numeral explanation for the true anomaly, and the radius 

yector, unto the 13th power of the eccentricity. wha 
About the same time with Schubert, Professor Digin resolved 

to undertake this explanation unto the 16th power of the eccen- 
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tricity. Without making use of the eccentric anomaly, he 
explained the invaluable formula given by Laplace, in his “Theory 
du Mouvement et de la Figure Elliptique des Planetes.” This. 
did not merely serve as a confirmation of the solution of Schubert,, 
as the author found the numeral coefficients discovered by the 
latter to be quite right; but he also detected, by means of the 
observations made during the process, a very simple and sym- 
metrical law for the explanation. of the true anomaly,)in conse- 
quence of which we may continue the same as far as we 
pleate; as also fix every term, independently of the other 
terms found out before. To these discoveries, the author added 
several explanations and applications useful in theoretical 
astronomy. : 

It is certain that the magnetical needle does not every where 
stand due north and south. In most places it declines con- 
siderably either towards the east or the west. This deviation, 
known at first only to seamen who made use of the magnetic 
needle to direct their course at sea, was afterwards found 
to lead to a knowledge of the spreading and diffusion of the 
magnetic powers over the globe, and may, perhaps, hereafter 
render the compass a still more perfect means of direction to 
the mariner than ever it could, had it every where, without 
yarlation, pointed to the same parts of the heavens. But if 
we desire, in this respect, to make the wished-for progress, the 
science must be continually enriched with observations respect- 
ing the deviations of the needle, which is perpetually changing 
in every place. 

For London and Paris they have been so fortunate, with respect 
to the variations of the magnetic needle, as to have observations 
that extend further back than two and a half centuries, but the 
oldest of these cannot be considered as very exact. 

With us the two Louises, father and son, have, through most 
part of the last century, made nice inquiries about the direction 
of the magnetic needle. Our present director of navigation, 
Mr, Wleugel, Commander and Knight, has, through a series of 
years, occupied himself with inquiries about magnetism, and has 
applied to this subject the additional knowledge and more per- 
fect instruments with which he is favoured by the progress of 
‘the age. 

In the remotest times, from which we have records of the 
magnetic needle, it had a declination towards the east, which 
gradually diminished, till about the middle of the 17th century it 
ceased in most parts of Europe; so that the needle stood regu- 
arly north and south, which soon was followed by a declination 
towards the west, that since that time has increased till very lately, 
when this westward declination again seems to be diminishing. 
But itis a matter of greater difficulty than it appears to be at first 
sight to determine whether this alteration has taken place or not. 
“The declination of the magnetic needle is subject to incessant 
variations ; every day is to it a period in which it increases and 

Ee 
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diminishes ; every year the same alteration is repeated, but to a 
greater extent. As long as the daily declination is not too great 
in comparison with the yearly one, we may easily, after the 
lapse of a few years, be enabled to determine whether the devia- 
tion has increased or diminished ; but when the yearly alteration, 
as is now the case, is but small, when compared with the daily 
one, many years consequently will elapse before the amount of 
the yearly alterations will surmount that ofthe daily ones. That 
the yearly alteration is now become small is a circumstance 
which, no doubt, makes us believe that it has attained its maxi- 
mum ; as every progressive series obtains its maximum when the 
‘difference of the terms becomes null. 

During the year, the western deviation is greatest in the 
month of September ; and during the day it is greatest about two 
o’clock in the afternoon. When no considerable disturbances 
appear, the daily alteration does not exceed 20 minutes. In the 
ear 1649, the deviation here in Copenhagen was 11° east. About 

the year 1656, it must have been 0; as in 1672, it was 3° 38’ 
west. The western declination afterwards continued to increase 
till the year 1806, when it was 18° 25’. Since that time it has 
diminished, however, as usual, advancing and relapsing. In the 
year 1817, Sept. 8, at two o’clock in the afternoon, it was 
17° 56’, consequently 29’ smaller than in 1806; it may, there- 
fore, be supposed, that the western declination has reached its 
maximum. By drawing the curve that is produced when 
the times are regarded as abscisses, and the declinations as ordi- 
nates, it seems to be evident that if the point of return does not 
fall upon the year 1806, it ought rather to be inquired for before 
than after that year. 

The inclination of the magnetic needle has lately been found 
by the author to be 17° 26’. 

Mr. Herhald, Professor and Knight, has delivered to the 
Society a description of a full-born foetus, that expired during a 
complete breathing, about half an hour after its birth. 

The internal organization of this foetus was found to be in many 
respects rare and remarkable. 

___ 1. The'viscera of the thorax and abdomen were arranged in an, 
inverted order ; the inferior point of the heart and the arch of the 
arteria aorta turned to the right side; the liver lay beneath the 
left, the spleen beneath the right, hypochondrium ; the broad 
part of the stomach, and the great arch of the same, bordered 
upon the spleen on the right side ; the duodenum began on the 
right side under the liver, and left its capsule before the spleen 
on the right side ; the pancreas turned its broad part to the left 
side, where its ductus ran into the duodenum; the jejunum and 
‘jlium wound from the right side down towards the ccecum, which 

~ lay in the inferior part of the belly on the left side (regio iliaca 
sinistra) ; the colon wound about the small intestines from th 
left side towards the right, &c. 

3 
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2. Both the ventricles of the heart were united by means of 
an opening in their septum ventriculorum, that ran from the: 
ventriculus pulmonalis to the ventriculus aorticus ; the arteria pul- 
monalis na. ductus arteriosus Botalli to the aorta were wanting. 
Both venz cave united in the breast before they went into the 
atrium of the heart. This atrium venarum cavarum received 
besides this from below on the left side, through the diaphragm, 
an extraordinary vein formed of the hepatic veins and umbilical 
vein, of a peculiar bulk. In the same atrium was an opening, 
that through the septum atriorum led into the atrium venarum 
pulmonalium, and another opening that led into the ventriculus 
aorticus. The atrium venarum pulmonalium had four openings 
before the vene pulmonales, and one opening that led into the 
orificium venosum ventriculi pulmonalis ; the vence pulmonales 
were connected with an extraordinary branch of an artery, which 
from the inferior extremity of the arch of the aorta spread in the 
lungs ; the aorta alone had transmitted all the blood from both 
the ventricles of the heart; the vena cava inferior went through 
the diaphragm on the right side, formed an arch in the concayity 
of the breast to the left side, to wind over the left brochia, and 
then to joi the upper and descending vena caya; the vena 
cava inferior received in the breast vene intercostales from the 
right side, and vena hemiazygia from the left side, as otherwise 
the vena azygos was wanting. The upper arteria ceeliaca did 
not give off any arteria hepatica; this organ received a peculiar 
artery from the arteria mesenterica superior. 

The arteria cceliaca superior, and both arteriz mesentericz, rami- 
fied in an abnormous direction corresponding with the inverted 
posture of the organs. 

The arteria lienalis and arteria coronaria ventriculi ran to the 
right side; the arteria mesenterica superior wound with the ilo 
«olica, and colica dextra to the left; the arteria mesenterica infe- 
rior turned to the right with its branches, colica sinistra, and 
heemorrhoidalis interna, &c. 

3. The organs for the secretion and ejection of the urine were 
also in an unusal condition; the membrum virile had its natural 
form and size, but the urethra was impervious from the top 
to the neck of the bladder. The kidneys were larger than 
ina natural condition, and divided into eight or nine bladders, 
formed like grapes, that contained a clear liquid. Every 
ladder had a small opening that led into the pelvis through a 
calix. Both ureters were widened, and particularly so near the 
vesica urinaria; they Jay twisted like distended intestines on 

' ‘both sides of the abdomen, the breadth of which thereby was ren- 
dered unusual; the vesica urimaria, as also the ureters, were 
widened by the urine ; thetexture was of an uncommon thickness. 

4. The child was besides what they call.a varus ; its feet were 
avery much distorted; the sole cf the foot turned inwards and 
backwards in such a manner that the toes touched each other. 
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The author illustrated all these monstrosities by drawings, and 
ae by adding an historical view of similar monsters, 
and by pointing out the different circumstances necessary for 
the life of the foetus and the new-born child, toshow how impor- 
tant it is to the physiologist, the pathologist, the physician, and 
particularly to the forensic physician, to have a complete know- 
ledge of the monsters in the animal economy. 

As a continuation of this inquiry, the author delivered to the 
Society observations on the causes of organic monsters in 
general. He first observed, that the hypothesis of demoniacal 
and sodomitical foetus was formerly generally admitted to be true, 
but that all naturalists now look upon it as a dream from ancient 
times. He then showed that the dcctrine of monsters from 
fantastical origin, as of the formation of the embryo, different 
from the general laws in consequence of the imagination of the 
mother, is as groundless as those ancient opinions, and has, in 

_ consequence, lost most part of its adherents, He himself looks 
upon the hypothesis, that it is possible for a woman big with 
child, by being frightened, or by mislooking herself, or by being 
desirous of some object or other, to be able to cause her embryo 
to be misshapen, by means of her imagination, as no less: false 
and dangerous ; though among the less enlightened part of man- 
kind, it is generally embraced. He exhorts medical men to be 
zealous in checking the progress of this hypothesis, and with 
Mickel, Lawrence, and others, to study and explain those laws 
of nature that under different conditions determine the different 
forms of the embryos and all organic bodies. 

Prof. CErsted, Knight, presented to the Society two treatises, 
the one being the beginning of a series of treatises on the method 
after which a system in natural philosophy ought to be composed ; 
the other containing an inquiry into the compressibility of water. 
Every one knows what a number of systematical books under the 
names of systems, compendiums, elemenis, courses, &c. in natural 
philosophy, have been published in different countries of Europe 
in aseries of years. Although these, and even such as belong 
to one and the same age, contain many diversities of opinion 
respecting the causes of things, yet the diversities in the methods — 
seem to be still greater. They have noteven agreed with re 
to the extent of the science. While some would debar frem it 
as well what may be-considered the application of mathematics 
to chemistry, others did not only want all this to belong :to 
chemistry, but even added the doctrine of the condition of the 
terrestrial globe, and a view of the laws for the motion of the 
other planets. With respect to the division and the order 
of matters, there was no-less disagreement, but in particular 
a great doubt seemed to prevail respecting ‘the method after 
which those laws of nature, that were apt to be expressed 
mathematically, ought to be represented and proved in natural 
philosophy. All these objects produced a great many questions, 
to which the author will endeavour to reply in a series of trea- 
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tises, the object of the first of which is to explain what natural 
philosophy means. The author here endeavours to justify at 
large the definition he has made use of in-other writings, accord- 
mg to which natural philosophy is the science of the general 
laws of nature ; yet he will not confine this science within the 
narrow cireuit which several German authors have drawn by the 
name of algemeine natwlehre. (physica generalis); but admits 
into it the doctrine of electricity, magnetism, light, heat, and 
chemical affinities, as they are all immediate consequences of 
the general powers of nature. He is of opinion that even the 
qualities of the different matters from this more extended point 
of view ought to be regarded as peculiar eftects of the general 
powers of nature, which in every one of them appear in a parti- 
cular development and strength. 

The author having already formerly endeavoured in several 
writings to prove that the electrical powers are the same with 
the chemical, only in a more free condition, and having at the 
same time alleged that magnetism, light, and heat, are effects 
of the very same powers, all in natural philosophy that does not 
treat of motion unite to form a coherent doctrine of powers or 
chemistry in the most extensive sense of the word. The 
first of these parts of natural philosophy (in this sense of the 
word) comprehends the external changes; the second the 
internal. 

It is evident that no more can be added to these two parts, 
except the doctrine of the union of powers and motion; for 
instance, in light and the radiant heat ; but whether this doctrine 
is to be separated from the rest as an independent chapter, or 
is to be comprised in the doctrine of powers, cannot perhaps be 
determined before natural philosophy has obtained a far greater 
perfection. 

The author intends, as soon as possible, to give the continua- 
tion of these inquiries. His design is thereby to introduce and 
occasion an inquiry concerning this subject among natural philoso- 
phers, and thinks it very useful to the science if they could agree 
upon the form and construction of a system in the science ; and 
all the learned in the said scierice would then work jointly to 
complete it; and thus in time a work would be produced con- 
taming a complete picture of the science in the age given. 
The author does not of course mean that all systematical books 
ought to be composed after the very same plan, which indeed 
might be altered according to the different aim of the author, 
but im such systems as aimed at nothing else but evidently to 
explain the science, he thinks that the same order and way of 
proceeding ought always to be followed, when the learned had 
previously agreed to declare it to be the proper one. But that 
such a concord respecting a theory of systematical books should 
be obtained, he thinks, to be as possible as the concord subsist- 
ing among the philosophers respecting so many other theories. » 

Although we are already possessed of such proofs of the com- 
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pressibility of waterthatitis not to be doubted of, yet the degree in 
which water can be compressed by a certain force and the law ac- 
cording to which the compression takes place are subject to uncer- 
tainties, and even very considerable ones. Some mathematicians 
and philosophers indeed were of opinion that the said compressi- 
bility of water was proportioned to the force employed ; but the 
experiments of Abich and Zimmermann, which are the only series 
of experiments of the compressibility of water by unequal powers, 
seemed to be entirely contradictory to this opinion, wherefore 
Gehler, in the account which he has given in his dictionary of 
the experiments on the compressibility of water, plainly tells us 
that it has not been possible to discover any law in the quantities 
that occurs thereby. The same judgment has been passed by 
all other philosophers on the results of the experiments of Abich 
and Zimmermann. . 

Prof. GErsted undertook to examine them anew, and was sur- 
prised at finding that the calculations of the results of the expe- 
riments, although of the easiest kind in Zimmermann’s book, 
were perplexed by mistakes of consequence. By correcting them 
it appeared that the experiments described did not prove that 
unboiled water is less compressible than boiled, but that, on the 
contrary, as might be expected, it was even more compressible. 
It was likewise demonstrated that the compressions, so far as 
the experiments were not undertaken with the greatest power, 
which, perhaps, might compress the piston itself, were propor- 
tioned to the compressing powers. ‘This induced the author to 
get a machine made for the compression of water. It consisted 
of a very wide and thick brass cylinder, and a thin tube with a 
piston for the compression of the water. By means of thie 
machine, the water was compressed by applying but very little 
force, and very small alterations in the place filled with the water 
were measured. In order to measure or compute the compress- 
ing power, which cannot be done immediately with sufficient 
exactness on account of the friction of the piston, an appendage 
was made to the wide cylinder imto which a narrow and strong 
glass tube was screwed. ‘This was filled with air, which by the 
greatness of its compressibility showed, after the law of Mariotte, 
the quantity of the pressing power. By this instrument he 
found that the compression of the water was proportional to that 
ofthe air, consequently in proportion with the compressing powers. 
At 12° of the centigrade thermometer this compression differs 
very little from 0-00012 for a pressure equal to that of the atmo- 
sphere. Hehas likewise extended his criticisms to Canton’s expe- 
riments, and has shown that a just estimation of the influx of heat 
into the water would give a greater compressibility than that 
which the English philosopher has concluded. As De La 
Place has founded his calculations of the swiftness of the sound 
in water upon the experiments of Canton, the result of his caleu- 
lation must be agljusted after the later experiments. 

4 
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Last year we mentioned a treatise of Professor Jacobsen, the. 
contents of which were then examined by a committee. This 
being done, we are now enabled to give a more complete account 
of it. The author had already, several years ago, begun to 
inquire into the venous systems of reptiles and birds, of which he 
had published something ; but in the treatise of which we speak 
here, he has not only united all this, but also arranged and ¢on- 
siderably enlarged his researches. The author has found that 
most part of the veins that in man and mammalia lead into the | 
system of the yena cava, in reptiles and birds go into the kidneys 
and the liver; for the branches of the vena porte are not con- 
fined to the viscera chylopoietica, but spread also into the 
remote parts of the bodies (the tail, and the thigh, &e.), and 
there receive veins which in man are branches of the vena eava. 
This form and regulation of the system of veins in reptiles and 
birds is different in the different classes of animals. In the frog, 
the lizard, and the tortoise, it begins in the belly from the kid- 
neys, with two or five strong lateral branches (vene renales 
interne superiores), and from the genitals. ‘The veins from the 
hinder part of the animals, vena lumbalis, the sciatic yeim, and 
vena caudalis, do not join the vena cava; but on running into 
the pelvis form two principal branches, the one of which sc. vena 
renalis inferior, that is produced by the uniting of the vena cau- 
dalis and vena sciatica, bends forwards towards the kidney, and 
ramifies in this organ like the vena porte in the liver. The 
other branch is formed by the vena lumbaris, and by the veins 
from an organ peculiar to these animals (organon hypogastricum), 
and either goes towards the middle iine of the anterior part of the 
belly there to join (as in the frog) its companion from the oppo- 
site side of the body, and thus jointly to constitute one single 
principal branch (vena abdominalis anterior) that ascends to the 
liver, and enters the trunk of the vena porte; or there is no 
union (for instance, in the tortoise), but the vets on beth sides 
run parallel to the liver and venaportez. In most reptiles a con- 
siderable uniting branch is found between the venalumbaris and 
the sciatic vein, so that all the veins from the hind part are 
united as well with the vena renalis inferior, as also with the 
vena abdominalis anterior. Jn the snakes that have no legs, 
consequently no vene lumbares, the vena caudalis only forms 
the vena renalis inferior, but the vena abdominalis rises from the 
organon hypogastricum, and from the muscles of the belly. In 
the snake is also wanting (as it. has no legs) the unitmg . 
branches between the vena lumbalis and the vena renalis, so that | 
both the principal branches as well vena renalis inferior as 
vena abdominalis anterior in these animals are entirely separated. 

A similar regulation or constitution has also been observed by 
the author in birds, though with some differences, of which this 
is the principal, that some part ofthe blood that comes from the 
hinder part of en bedy is immediately led into the vena cava. 
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The reason of this is, that the vena lumbaris on entering the 
pelvis, forms two ramifications, the middlemost of which 
joins the vena cava; the uppermost goes immediately into the 
kidneys; while the nethermost, together with the sciatic vein 
and branches of the vena ossis sacri forms the vena renalis 
inferior, which, for the most part, lies buried in the substance of 
the kidneys. 

The peculiar organ which the author has found in the reptiles 
consists of a serous membrane with many veins.. This membrane 
is formed like a bladder; and in those reptiles whose skins are 
without scale, it is united with the great gut, but in rep- 
tiles covered with scales, the organ is not thus united, but is 
filled with fat. The author does not believe that this difference 
prevents us from concluding that this organ is the same in all these 
animals, and supposes that the difference is only to be ascribed 
to the skin’s unequal aptness of respiration. This is, however, 
by the committee of the Society, looked upon as dubious. 

After all this, the blood that proceeds from the hinder part 
divides into two parts ; the first of which is led through the fore- 
most vena abdominalis to the liver, where it associates with the 
vena porte, and thus contributes to prepare the gall; the other 
part, that proceeds from the sciatic vein and vena caudalis, goes 
to the kidney ; and im the author’s opinion serves to the secre- 
tion of the urine. That the blood from the hinder part of the 
body goes to the kidneys, as has been alleged, the author proves 
as follow: a. That the vena renalis inferior, in all the animals here 
mentioned examined by him, are connected with the sciatic vein 
and the vena caudalis. 6. That the said vena renalis grows 
larger in proportion as it approaches the kidney, and as it pro- 
ceeds receives more branches, whereas its greatness again 
abates in proportion as it forms ramifications to the kidney. 
c. That it ramifies so nicely in the kidney that immediate union 
with the other venz renales superiores and the vena cava can be 
discovered. d. That even in those animals in which the con- 
nexions of the vena abdominalis and the vena renalis mferior is 
most exact, you may, by compressing the vena abdominalis, 
hinder the blood from proceeding from the hinder extremities 
to the liver without occasioning it to be stopped in the vena 
sciatica and vena lumbaris; whence it is evident that it must 
flow off through the ramifications of the inferior vena renalis in 
the kidney. ec. Lastly, that there are animals, for instance, the. 
snake, in which the vena abdominalis anterior and the vena 
renalis inferior ‘are entirely separated, so that the blood from the 
hinder parts of the body in‘these animals cannot flow but through 
the vena renalis. That the blood thus led to the kidney serves 
to secrete the urme, the author endeavours to prove from ‘the 

ing and nice ramifications of these veins m the ‘kidneys ; 
from the smallness of the arteria’‘renalis that appears tobe imsuf- 
ficient to ‘the secretion of the urine in these animals ; and from 
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the size of the veins thereto adapted. Add to this, that the 
veins that go to the liver give an example of such an action in 
the veins by secreting the gall. 

The effect thus ascribed to the vena renalis, the committee of 
the Society, however, found to be dubious, as from the smallness 
of the arteria renalis no conclusion can be made of their insuffi- 
ciency to the secretion of the urine, without knowing the quantity 
of the urine in the different animals ; as from the size of an organ 
of secretion, it is not always possible to conclude how great a 
quantity it can secrete; as the secretion of the urine m man 
and mammalia is performed by arteries ; while that of the gall 
is performed by veins; and, lastly, as the nature of the urine 
and of the gall are quite contrary to one another, the latter being 
extremely combustible, the former extremely oxygenous, it is 
not at all likely their origin should be very much like one 
another. 

As for the rest, the committee approved the treatise, and 
found that the author, by the anatomicalinquiries and experiments 
therein delivered, had partly rectified, partly enriched zoology, 
and thus opened a wide prospect for views that perhaps might 
be ofimportance to the pathology of man. ‘ 

In consequence of this declaration of the committee, the 
Society resolved to receive the treatise delivered of Professor 
Jacobsen among its writings. 

In a treatise sent to the Society, intelligence was given of the 
catching of a certain sea-animal, called grind, together with an 
addition to the natural history of the grind. 

The author, who, in 1817, undertook a botanic journey to the 
Feroes, happened, during his stay in these islands, to witness 
the catching of a grind; and as, on this occasion, he took down 
several observations relating to the natural history of this 
animal, and instantly made a sketch of it, he was thereby 
enabled to deliver a more complete and exact information than 
had hitherto existed of this animal, so important for the inhabi- 
tants of Feroe. The grind has indeed been mentioned by several 
authors; for instance, Debes, Saabo, and Sandt, and cannot, 
therefore, be thought to be unknown; but on account of the 
meomplete and partly erroneous description we have hitherto 
had, it has not been possible for systematic writers to give this 
animal its proper place ; wherefore some have thought it belonged 
to the genus delphinus, others to balena. After having given 
an account of the method of catching the grind used at Feroe, 
the author, by a methodic description, as circumstantial as could 
be obtained, and by adding a drawing, has proved that the grind 
belongs to the genus delphinus ; and as it has not been admitted 
into the systema nature, he proposes to call it delphinus grinda. 
This animal being of great importance to the inhabitants of Feroe, 
as the wealth or poverty of these islanders in a great measure 
depends upon the more or less successful catching of it, it ought 
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to be more known than hitherto. This animal; like many other 
kinds of fishes as well as birds, is very social; and is, therefore, al- 
ways found in flocks of 100 or 1000. When the inhabitants of 
Feroe at fishing happen to observe such a flock, as they commonly 
tumble about on the surface of the water, the seamen endeavour 
to drive them into a sandy bay, nor are they unwilling to suffer 
themselves to be driven before the boat; and by the assistance 
of more boats hastening to help, they are driven ashore in a 
hurry, and are killed with lances or spears made for that purpose. 
In the summer of the year 1817, the inhabitants of Feroe in this 
manner caught in different flocks more than 600 grinds. This 
species of grind, or delphinus, which is six or 10 ells long, is 
not only found about the islands of Feroe, but also about Iceland 
and the Orader; in the latter place it is caught in the same 
manner as on the Feroes, and 1s there called the ca’ing whale. 
Besides this kind, there is yet another smaller species of delphi- 
nus at the Feroes, which they there call bovhvidehval, and 
which, partly by an erect fin on the back, partly by a snow-white 
belly, and other singularities, distinguishes itself from the afore- 
mentioned ; but as this species seldom appears, and was not 
caught while the author was on the islands, he has not been able 
to give any sufficient information of it ; but supposes from what 
the inhabitants told him, that this kind constitutes a singular and 
new species. . 

The Society found this treatise to be worthy of being admitted 
into its writings, and presented the author with its silver medal 
as a mark of esteem. 

ARTICLE X. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I. Specific Gravity of Hydrogen Gas. 
A very careful set of experiments was made a few weeks ago 

in my laboratory to determine the specific gravity of pure hydro- 
gen gas. A quantity of zinc was distilled in a stone-ware retort 
in order to have that metal in a state of complete purity. The 
zine thus purified was dissolved in dilute sulphuric acid, which 
had been in the first place carefully distilled in a glass retort, 
and afterwards diluted with distilled water. The hydrogen dis- 
engaged was collected in glass jars. Its specific gravity was 
taken in the usual manner by means of alarge glass flask, which 
was weighed while full of air, exhausted, and again weighed, and 
sai filled with hydrogen gas, and weighed a third time. The 
weight of the exhausted flask subtracted from that of the flask 

Vor. XIV. N° I. E 
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full of air gave the weight of the common air displaced by the 
exhaustion = a. The weight of the exhausted flask subtracted 
from that of the flask when full of hydrogen gas gave the weight 
of the hydrogen gas introduced into the flask = 6. It is obvious 

; wey . be 
that the specific gravity of the hydrogen gas is -. Three suc- 
cessive experiments were made, which gave each the same 
result. We found the specific gravity of the hydrogen gas to be 
0:06933. Thus these experiments confirm the conclusions 
deduced by Dr. Prout from the specific gravity of ammoniacal 
as, and likewise the experimental conclusions of Berzelius and 
ulong, mentioned im the number of the Annals of Philosophy 

for May last. 
In a former set of experiments which I made some years ago, 

I found the specific gravity of hydrogen gas 0-073 ; but my appa- 
ratus was not so delicate, and I did not take the precaution to 
distil the zinc which I employed. 

Il. Ore of Tellurium. 

Our mineralogical readers will be gratified to learn that the 
ore of this very scarce metal has been recently discovered in 
Connecticut. It occurs in a bismuth mime belonging to Mr. 
Ephraim Lane, afarmer, at New Stratford, town of Huntington, 
Connecticut. This mine has been sunk only to the depth of 10 
feet. It affords native bismuth, ‘native ‘silver, magnetical and 
common iron‘pyrites, copper pyrites (in crystals), galena, blende, 
tungsten, tellurium, Xc. : BB 

In the third number of Dr. Silliman’s American Journal of 
Science, in which this discovery is announced, nothing is said 
respecting the state in which the tellurium exists in this mine. 
But it is stated that letters, post paid, addressed as above, will 
find Mr. Lane, who will, for ‘a reasonable compensation, pack 
boxes, more or less extensive, for mineralogists and others. 

Ill. Native Copper. 

In Bruce’s Mineralogical Journal (i, 149), mention is made of 
a remarkable piece of native copper found near New Haven, in 
Connecticut, many years ago, weighing about 90Tbs. ‘Dr. Silli- 
man has ahnounced in the first number of his scientific journal 
(p. 55), that another piece has been receuitly found half'a mile 
west of the Hartford turnpike road, opposite ‘the town of Wal- 
lingford, and 12 miles ‘from New Haven. It was tured up‘in 
ploughing to repair a road. The country is of the seconds: 
trap formation, and the rocks at the’ particular place ‘are’ the olt 
a Sandstone of Werner, which here occupies the plains, and 
runs under the trap. The piece weighs almost 6lbs. It is beau- 
tiful virgin copper, with rudiments of large octahedral ‘crystals 
of native copper upon its surface, which is mote or less inctusted 
with green carbonate of copper, ‘and ruby oxide, very ‘niuch 



1819.) Scientific Intelligence. 67 
resembling that of Cornwall. The ruby oxide is particularly 
remarkable in the cavities of the piece. 

IV. Fibrous Prehnite. 

The variety of pichuite which occurs so abundantly in the 
neighbourhood of Glasgow, is of the fibrous kind. Its specific 

avity is greater than that of foliated prehnite, being 2°901. It 
pee not break so readily as the foliated variety. I have not 
been able to satisfy myself whether it be harder. Its colour is 
apple-green, and it is composed of fibres which radiate from 
several different centres. had the curiosity to analyze a speci- 

men of it, in order to compare it with the foliated variety, the 
only one hitherto, I belieye, subjected to analysis. The result 

was as follows : | 

oo) Bia aaa nap omen gf tee Ue 
“ye LE A tas Mae sane «eee OU 
SMG... sole, nk tua catetain. ae ee 
Oxide of iron. ...... os epee ae ae 
WY ETS. Seeks oh eins wep save. ae 
POEM Oitabs madsen: Sock ote HET 

100-00 

This result approaches very nearly that obtained by Gehlen 
from a variety of prehnite from Ratschinke. He does not 
describe the specimen; but from its specific gravity, 2°924, I 
think it probable that it was similar to our Glasgow prehnite, or 
that it belonged.to.the fibrous variety. Its constituents, as he 
obtained them, were as follows : 

RMNCAG ss sle's sles « © PCE rT 
AdRMINA. 6 vids « Hynip ser ee es 23°25 
Dame pnw hie g's wese ¥% gicleis ee DOOD 
Opide of arn. nic065 vcsmees 2290 
Oxide of manganese. .... .» 0°25 
Magnesia, a trace. ..00008 > 
Volatile matter. .....-...- 400 
Emad. So. ee es 1-50 

100:00* 

It.seems probable, from the preceding analysis, which must 
he nearly exact, that fibrous prehnite is a. compound of one atom 
of silicate of alumina and one atom of -bisilicate of lime. Its 
symbol, therefore, will be A ZS +.C S*. (Foliated prehnite 
seems to. contain a greater proportion.of alumina, and a smaller 
of lime, at least if Klaproth’s analysis be considered as accurate. 

* Schweigger’s Journal, iii. 186, 
2 
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fost “V. Necronite (a supposed new Mineral).* 

Extract of a Letter from Dr. H. H. Hayden, of Baltimore, to 
Dr. Silliman, dated Jan./5, 1819. 

_ It (the necronite) occurs in a primitive marble, or limestone, 
which is obtained 21 miles from Baltimore, and a small distance 
from the York and Lancaster road. It was first noticed by 
myself at Washington’s monument, in which this marble is prin- 
cipally employed. 

“Tt occurs, for the most part, in isolated masses in the blocks, 
or slabs, both in an amorphous and crystallized state. It is most 
commonly associated with a beautiful brown mica, of the colour 
of titanium; small but regular crystals of sulphuret of iron, tre- 
molite, and small prismatic crystals of titanium, which are rare. 
The form ofthe crystals is a rhomboid, approximating very much 
to that of the felspar, and which has inclined some to consider it 
as such. Also, the hexaedral prism, resembling that of the 
beryl. This form is rare, and has not as yet, I believe, been 
found complete. Its colour is a bluish white, and clear white. 
Its structure much resembles felspar, being lamellar ; sometimes 
opaque, semi-transparent and transparent, at least in moderately 
thin pieces. It scratches glass, carbonate of lime, and even fel- 
spar, in a slight degree. In all our efforts, it has been found 
infusible, per se, or with borate of soda; and even from all the 
force of heat that could be excited in a smith’s furnace, it came 
out unchanged in any degree. The acids seem to. have no 
sensible effect uponit, either cold or hot... This is all that I can 
say of it at present, except that it possesses a most horrid smell.+ 
I have since found in a marble of the same kind, but from a 
different quarry, and a few miles distant from the first, a quartz 
almost as fetid as the necronite, and likewise associated with 
small prisms of titanium. 

“« These substances carry with them a degree of interest in 
another point of view. They seem to invalidate the opinion that 
the fetid smell of secondary limestone, slate, &c. is derived from’ 
the decomposition of animal matter, as their gangue is decidedly 
a rock of primitive formation.” 

Another new Mineral observed by Dr. Hayden. 

“‘ Exclusive of the interest which the necronite has excited 
with me and several others, I have besides stumbled upon 
another substance, if possible, still more interesting. I disco- 
vered it in an imperfect state, about four years since, but not 
until recently have I been able to find it perfect, in beautiful gar- 
net-coloured cubic crystals one quarter of an inch square, or 
‘nearly. These crystals are very hable or subject to decomposi- 
tion, in which state they present a perfect but spongy cube. 

* From Silliman’s American Journal of Science, i. 306. 
+ On account of its peculiar cadaverous odour, Dr. Hayden proposes to call 

this mineral (should it prove to be a new one) Necronite, from the Greek Nexgor. 
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Although they resemble the cubic zeolite, yet they have nothing 
of its character with them besides.” 

VI. Native Carbonate of Magnesia. 

This mineral species was discovered a good many years ago 
by Dr. Mitchell, of Belfast, in a serpentine rock at Hrubschitz, 
in Moravia. It has been recently discovered by Mr. James 
Peirce, at Hoboken, in Staten Island, on the New Jersey side of 
the Hudson, the very same place where the hydrate of mag- 
nesia was discovered by Dr. Bruce. The carbonate of magnesia 
occurs in a serpentine rock, in horizontal veins, about:two inches 
in thickness. When first taken out, it was soft, white, and very 
slightly adhesive from a little moisture ; but when dry it fell to 
powder with friction. It was totally soluble in sulphuric acid 
with effervescence, and yielded crystals.of Epsom salt. Mr. 
Peirce did not ascertain the proportion of carbonic acid which it 
contained ; but from Bucholz’s analysis of the native carbonate 
of magnesia found in Germany, we learn that it is a compound 
of one atom carbonic acid and one atom of magnesia; or by 
weight of 

Carpmnie aGld. ... hare oe Oe een . 62°38 
Magnesia .........- 2250 «5 a6 eee 47°62 

525 100-00 

There can be little doubt that the composition of the American 
carbonate of magnesia will be similar. 

More lately Mr. Peirce discovered in the same place veins of 
native carbonate of magnesia in fine acicular crystals. The 
discovery was made during the examination of an excavation 
dug about three miles from the Quarantine under the delusive 
expectation of finding gold. The native carbonate of magnesia 
was observed in very white acicular crystals, grouped in minute 
fibres, radiating from the sides ; but not always filling the veins 
and cavities in which it was found. . The crystals were in some 
instances suspended, assuming a stalactitical form.—(Silliman’s 
Journal, i. 54 and 142.) 

VIL. Picromel. 

This is a name given by Thenard to the peculiar substance to 
‘which ox bile is indebted for its properties. Berzelius first 
pointed out an easy method of procuring it. Sulphuric acid 
throws it down in the state of a green resinous-looking matter, 
which used formerly to be denominated resin of bile. If we put 
this matter along with a quantity of carbonate of barytes in 
powder into a flask or retort containing a sufficient quantity of 
distilled water, and place the vessel upon a sand-bath, the sul- 
plinie acid gradually unites with the barytes, and the picromel 
eing set at liberty dissolves in the water. We have only to 
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évaporate the agtieous solution to dryness in order to obtain the 

picromel in a state of purity. iY shh 

It is a greenish-yellow matter, soluble both in water and alco- 

hol, and having very much both of the aspect and of the taste of 

sarcocoll. When heated to redness with a sufficient quantity of 

peroxide of copper, the only gas which comes over is carbonic 

acid. If the gas has been made to pass through dry muniate of 

lime, the salt will have acquired a slight increase of weight, indi- 

cating the formation of a little water. From the analysis of 
picromel performed in this way, it appears that its only consti- 
tuents are: 

Oxygen, 
Carbon, 
Hydrogen. 

One gtain of pictomel heated with 140 grains of peroxide of 
copper yielded 4-2 cubic inches of carbonic acid gas under the 
mean pressute and tempetattiré, and the water formed weighed 

“GR: 
ow 4:2 cubic inches of carbonic acid gas weigh 1°95 gr. and 

contain 0°531 gr. of carbon: 0:2 gr. of water contain 0-022 gr. 
of hydrogen. Hence the constituents of picromel are : 

Barbori.. cc's {eige ois wis .0:0.00.0.0. Onto 
Hydrogen.......+-- ewes OrUae 
Oxygen. cescereesccecees 0-447 

1-000 

The smallest number of atoms which correspond with these 
proportions are the following : 

5 atoms carbon ...... = 3°750 ........ 54°53 
1 atom hydrogen. .... = 0°125 ....... +4, 82 
3 atoms oxygen...... = 3°000 .......% 43°65 

6875 -100°00 
__ These proportions do not exactly coincide with the experimen- 
tal results, but the difference does not amount to one per cent, 
The proportion of carbonic acid gas stated above is the mean of 
five experiments, and cannot I think deviate far from the truth, 
I am not so well satisfied with respect to the quantity of water. 
It varies according to the rapidity of the evolution of the gas, 
and according to the quantity of teat communicated to oxide of 
copper. The variations all lie between two atoms of hydrogen 
and one atom. Perhaps, therefore, the true quantity of hydrogen 
in picromel may be two atoms. This must be determined by 
future experiments. 
We see from the above analysis, that picromel differs from 

sugar and gum in containing a much smaller proportion of 
hydrogen. e absence of azote gives it rather the character 
of a vegetable than an animal substance. 
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VIII. Additional Facts respecting Gauze Veils as a Preservative 
from Contagion. By Mr. Bartlett. 

(To Dr, Thomson.) 
SIR, Buckingham, May 3, 1819. 

Perceiving that my letter to you respecting gauze veils as pre- 
ventives of contagion has excited some attention by being copied 
into the public journals, I beg leave to express a hope that in 
case any of your scientific readers, or correspondents, should 
put it to the test of experiment, they will communicate the result 
to the public through the pages of your Annals. 

I think it right to state, that a child of mine, aged 15 months, ’ 
has escaped a very prevalent (and, what in this neighbourhood 
has recently proved, fatal) disorder, the hooping-cough, notwith- 
standing she has almost daily associated with children labouring 
under its effects ; and which I can only attribute to the circumstance 
of her having constantly worn a common green gauze veil. This, 
I grant, as a solitary instance, is but a very slender foundation to 
support any thing like an hypothesis upon ; but in contributing, 
with others, my mite of information, a connected chain of con- 
curring testimony may at length be formed, and the bar removed 
which has so often deprived the afflicted sufferer of the last sad 
consolation of a communion with those who by friendship or 
affection had, perhaps, rendered existence valuable ; whilst the 
intercourse betwixt man and man (so often interrupted by pesti- 
lence) may be renewed in confidence and security. 

It has been doubted whether there be such a thing as infec- 
tion ; all prevalent. diseases being deemed epidemical, arising 
from animal, or other effluvia ;* but it is immaterial to the present 
question, whether this opinion acquire credit or not, since the 
Beenie virus (according to either doctrine) must be intro- 
uced into the system by means of the respiratory organs, and 

not by immediate contact. The fact is, the cause of numerous 
disorders remains undiscovered ; and until experience proves 
that miasmata may become incorporated with the animal fluids 
through any other channel than that of respiration, it is fair to 
reason upon any probable hypothesis. I have the honour to be, 

Your very obedient servant, 
J. M. Bartuerr. 

IX. Respiration of Oxygen Gas. 
The following paragraph is copied from the first number of 

Dr. Silliman’s American Journal of Science, p: 95: 
“Tt is not extraordinary, when oxygen gas was first disco- 

' vered, and found to be the principle of life to the whole animal 
creation, that extravagant expectations should have been formed 

_ * The subject has lately been brought before the House of Commons, but the 
theory is by no means new, 
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as to its medicinal application. Disappointment followed of 
course, and naturally led to a neglect of the subject; and, in 
fact, for some years, pneumatic medicine has gone into discredit, 
and public opinion has vibrated to the extreme of incredulity. 
Partaking in a degree in this feeling, we listened with some 
reluctance to a very pressing application on this subject during 
the last summer. A young lady, apparently in the last stages of 
decline, and supposed to be affected with hydrothorax, was pro- 
nounced beyond the reach of ordinary medicalaid. As she was 
in a remote town in Connecticut, where no facilities existed 
towards the attainment of the object, we felt no confidence that, 
even if oxygen gas were possessed of any efficacy in such cases, 
it would actually be applied, in this case, in such a manner as to 
do any good. Yielding, however, to the anxious wishes of 
friends, we furnished drawings for such an apparatus as might 
be presumed attainable, and also written and minute directions 
for preparing, trying, and administering the gas. It was obtained 
from nitrate of potash (saltpetre), not because it was the best 
process, but because the substance could be obtained in the 
lace, and because a common fire would serve for its extrication. 
he gas obtained had, of course, a variable mixture of nitrogen 

or azote, and probably on an average might not be purer than 
nearly the reversed proportions of the atmosphere ; that is, 70 to 
80 per cent. of oxygen to 20 or 30 nitrogen; and it is worthy of 
observation, whether this circumstance might not have influenced 
the result. 

_ Contrary to our expectations, the gas (as we are since informed 
by good authority) was skilfully prepared and perseveringly used. 
rom the first, the difficulty of breathing and other oppressive 

affections were relieved: the young lady grew rapidly better, 
and in a few weeks entirely recovered her health. A respectable 
physician, conversant with the case, states, in a letter now before 
us, “ that the inhaling of the oxygen gas relieved the difficulty 
of breathing, increased the operation of diuretics, and has effected 
her cure. Whether her disease was hydrothorax, or an anasar- 
cous affection of the lungs, is a matter I believe not settled.” 

Should the revival of the experiments on the respiration of 
oxygen gas appear to be desired, it would not be difficult to sim- 
plity the apparatus and operations so as to bring them within the 
reach of an intelligent person, even although ignorant of chemis- 
try : and this task, should there be occasion, we would cheerfully 
undertake to perform. / 

This interesting class of experiments ought to be resumed, not 
with the spirit of quackery, or of extravagant expectation, but 
with the sobriety of philosophical research ; and it is more than 
probable that the nitrous oxide, which is now little more than a 
subject of merriment and wonder, if properly diluted and dis- 
creetly applied, would be productive of valuable effects.” 
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X. Some Corrections and Additions to Mr. Rice’s Paper on the 
Weight of a Cubic Inch of distilled Water, contained in the 
Number for May of the Annals of Philosophy. By Mr. Rice. 

_ (To Dr. Thomson.) 
SIR, Dublin, May 10, 1819. 

In my paper “ On the Weight of a Cubic Inch of Distilled 
Water, and the Specific Gravity of Atmospheric Air” ; inserted 
in the Annals of Philosophy for this month, I find that, in com- 
uting the weight of a cubic inch of water from Sir George 
huckburgh’s experiments, I have committed a mistake, which, 

though trifling in its consequence, demands particular notice. 
You will do me a great favour by giving a place to the following 
errata and observations, if possible, in your next number. 

I am, Sir, your obedient servant, 
E. 8S. M. Rice. 

Page 342, line 12, for 64° read 66:4° ; line 26, for actually 
less value, read actually greater value ; line 29, for subtracted, 
read added. ~ 

In consequence of these alterations, it is evident that a few of 
the subsequent numbers will require correction. 

The signs prefixed to the numbers indicating “ the corrections 
to be made for error from buoyancy,” should be positive instead 
of negative: hence the mean deduced in line 10, should be 
28722°4611; line 16, for 28672-7427, read 28672-8958 ; line 17, 
the same ; also for 252°580, read 252°582; line 28, for 252-529, 
read 252°531. A bare inspection will show the alterations to be 
made in the other numbers. 

On the Proportion of Oxygen in Air.—Estimating the specific 
gravities of oxygen and nitrogen in relation to air, as 1-111] and 
0°9722: 1, and air to water as 0:0012085 : 1, we find atmo- 
spheric air composed of four volumes nitrogen and one volume 

0:8 volumes nitrogen 0°0002685 
0-2 volumes oxygen 0-0009400 

1:0 0:0012085 

Under the idea of this being the true composition, Dr. Prout 
adopted the specific gravities for oxygen as here given; subse- 
quent experiments have confirmed its accuracy ; and I think the 
trials hitherto made by the voltaic eudiometer cannot be consi- 
dered as sufficiently precise to disprove the supposition on which 
it was calculated. 

Chaptal, in his Chemistry, iii. 210, English translation, from 
analyses of air by detonation with hydrogen, rates the oxygen at 
20 per cent. Mr. Dalton mixed 100 volumes of air with 60 
volumes of hydrogen, and fired by the electric spark, the absorp 
tion indicated the presence of 20 volumes oxygen; the residue 
contained none.—(Nicholson’s Journal, xiii. 434.) 

5 
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Where a great excess of hydrogen is used, the experiments of 
Saussure show that alittle ammonia is always formed ; a conden- 
sation will thus take place greater than what is to be attributed 
to the action of oxygen. The presence of aqueous vapour will 
also be a source of fallacy ; on the whole, | think, that the small 
scale on which experiments with Volta’s eudiometer are neces- 
sarily made should lead to the employment of precautions not 
heretofore deemed requisite. 

Has the result of the comparison between the English and 
French weights been as yet made public ? i. WV eae in 

XI. Diurnal Variation of the Magnetic Needle. 
The readers of the Annals of Philosophy are. acquainted with 

the important series of observations on the diurnal variation of 
the needle, which Col. Beaufoy has made for more than two 
ears, and which have been regularly published in the Annals. 

These observations have been hitherto quite unique ; but those 
who are interested in this mtricate but most important mvestiga- 
tion will learn with pleasure that measures have been taken for 
making a similar set of observations in the Paris observatory. By 
the care also and at the expence of the Marechal Duc de Ragusa, 
an excellent compass, made by Gambey, has been placed at 
Chatillon-sur-Seine, in Burgundy. In the absence of the Mar- 
shall, the observations are made by an. intelligent and well- 
informed young man, who has the superintendence of the fine 
agricultural establishments so much admired around the chateau 
de Chatillon.—(Ann. de Chim. et de Phys. x. 121.) 

XII. Derangement of the Operations of delicate Balances by 
Lilectricity. 

The common method of mounting delicate balances with 
lacquered pans and silk threads is liable to a very serious 
objection, as the pans every time they are cleaned (espe- 
cially if a silk handkerchief be employed) are rendered hable 
to be charged with electricity, and consequently to be at- 
tracted by contiguous objects. This circumstance has doubt- 
less been observed, though the author of the present notice 
has reason to believe that it is not so generally known as 
it deserves to be. He was led to notice it from possessing 
a balance mounted in the above manner, the irregularity of 
the action of which he was for a long time unable to account 
for, but at length traced it to the circumstance mentioned. It 
need scarcely be observed, that to obviate such a source of 
error, the pans and mounting of balances should be made of 
unvarnished metal, as, for example, of platinum. 

XIII. Prize Questions proposed by the Royal Academy of Sciences 
of France for 1821: 

No complete memo haying been received by the Academy .on 
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the subject of the chemical changes which take place in fruits, 
they repropose the question in the following detailed manner: 

To determine the chemical changes which take place in fruits 
during their progress to, and after their arrival at, maturity. 

For the solution of this question, it is necessary, first, to ana- 
lyze the fruits at different periods of their growth and maturity, 
and also when they begin to decay, and are completely rotten. 
Secondly, to compare the nature and quantity of the principles 
contained in them at these different periods. Thirdly, to examine 
with care the influence of external agents, particularly that of the 
air in contact with the fruit, and to ascertain the changes, if 
any, which it undergoes. The observations may be confined to 
certain fruits of different species, provided that it be possible to 
draw from them conclusions sufficiently general. 

The second subject proposed by the Academy is, 
To give a comparative description of the brain in the four 

classes of vertebral animals, and particularly in the reptiles and 
fishes; by endeavouring to trace the analogy of the different 
parts of that organ, by observing the changes of form and pro- 
portion which they display, and by following, as deeply as 
possible, the branches of the cerebral nerves. It will be suffi- 
cient to confine the observations to a certain number of genera 
selected from the principal natural families of each class of 
animals, though it will be necessary that the principal prepara- 
tions be represented by drawings sufficiently detailed to admit of 
their being made over again, and thus be accurately verified. 

The prizes for both these subjects will be a medal of the value 
of 3000 francs. The different memoirs must be transmitted to 
the secretary, free of expense, by Jan. 1, 1821; and the prizes 

_will be adjudged at the public meeting in the month of March 
following. Each memoir must be marked by a motto, or devise, 
and accompanied by a sealed letter, containing the same motto, 
or device, and the name of the author. 

The Academy also offer a gold medal of the value of 440 
franes (given by an anonymous individual) for the work printed, 
or in MS. which shall be transmitted to them before Dec. Li 
1819, and which shall appear to them to contribute most to the 
progress of experimental physiology. This prize will be adjudged 
at_the public meeting in March, 1820; and the candidates are 
informed, that the Academy will not return the different memoirs ; 
mt the authors are at liberty to take copies of them if they 
choose. 

XIV. Natural History of the Moluccas. 
Mr. H. Kuhl, a gentleman eminently qualified for the subject, 

is about to depart for the Moluccas, to explore the natural history 
of these interesting islands. 

> 
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ARTICLE XI. 

Magnetical, and Meteorological. Observations. 
By Col. Beaufoy, F.R.S. 

Bushey Heath, near Stanmore. 

Latitude 51° 27/42” North. Longitude West in time 1! 20:7”. 

Magnetical Observations, 1819. — Variation West. 

Morning Obsery. Noon Obsery. Evening Obsery. 
Month, 

, Hour. | Variation. | Hour. Variation. Hour. | Variation. 

May 1| 8b 35’! 24° 31’ 09!) 1h 25’) 240 43/ Oa” 7h 10’) 24° 31’ 23” 
2} 8°35) 24 31 46) 1 35 |}*24 41 00] 7 10] 84 °35° 26 
3] 8 40/24 33 18] 1 25/| 24 42 00| T 10} 24 34 29 

; 4| 8 40] 24 33 49 1 15) 24 40 53};— —|}— — — 
5|].8 40] 24 32 38 1 20/24 40 Al 7 15:).24 36 13 
6] 8 25] 24 36 14/— —|— — —]| 7 151 24°35 45 
1| 8 35 | 24 32 44 1 20} 24 41 47) 7 05} 24 35 32 
8/ 8 35 | 24 32 5& 1 25 | 24 40 20} 7 20] 24 36 24 
9| 8 40| 24 34 09] .1 15] 24 42 53! 7 35] 24 28 29 

10; 8 25/24 31 44;— —|— — —] 7 20] 24 34 02 
11] 8 45] 24 33 39 1 15 | 24 39 51 7 20| 24 34 02 
12| 8 40| 24 32 43 1 25] 24 40 58} 7 30|] 24 35 57 
13). 8, .35 |) 24 82 °93 1 25|24 40 18;/— —|}— — — 
14] 8 35] 24,32 39 1 25] 24 41 26) 7 30] 24 37 44 
1a)? Be Sb.) Saess~—* 28 1 25 | 24 44 04] T 30| 24 34 40 
16{ 8 35 | 24 33 20 1 40 | 24 39 26) T 35|24 34 46 
17), 8., 35*|-24,- 33,38 1 20| 24 40 58} 7 30] 24 34 41 
18} 8 35 | 24 32 15 { 25|24 40 29| 7 30] 24 36 16 
19} — —|— — —] 1: 20) 24 41 12;— —jJ— — — 
20} 8 20/24 39 00};-- —|— — —|— —|—- ~—- — 
21} 8 40} 24 31 48 1 15/24 42 19)— —|j— — — 
22| 8 40] 24 32 32 1 25 | 24 43 02! 7 35) 24 32 52 
23; & 40) 24 30 20} 1 40| 24 42 00;— —|— — — 
24; 8 50| 24 33 12 1 20} 24 42 28] 7 20) 24 35 06 
25} 8 40| 24 30 45) 1 30)24 41 59 | 7 385] 24 33.19 
26} 8 40/24 31 30};— —{|— — —| 7 35] 24 33 03 
27 8 40} 24 29 24 1 25) 24 41 34;/— —|}— — — 
28} 8 35 | 24 30 32} 1 20|24 39 46) 7 35) 24 33 54 
29) 8 45 |24 30 380] 1 20/24 40 25; 7 40| 24 35 13 
30| 8 45 | 24 33 58 1 25] 24 42 06} 7 35) 24 34 43 
31} 8 35 |24 34 24] 1 20/24 39 53| 7 35 | 24 36 06 

8 37 | 24 32 42} 1 24/24 Al 22) -7% 26] 24 34 10 Mean for ‘ 
Month. 
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Month. Time, 

Noon.... 

Morn.... 

Even.... 

Noon.... 

Morn.... 

Noon.... 

Even.... 

Barom. 

Inches. 
| 29°364 
.| 29°365 

w+ -| 29°355 
.| 29275 
.| 29-250 

.«-| 29-230 
..| 29°160 

.+ | 29170 
..| 29°148 

.| 29-048 
.| 29-080 

-| 29°123 
29-178 

-| 29°267 
29-469 

-| 29-558 
-| 29-585 

29-600 
-| 29-600 

29-576 
29°600 

---| 29-600 
29°660 

-| 29-673 
-| 29-680 
-{ 29-740 

29-720 
-| 29°649 
-| 29-700 

29-680 
29°650 

-| 29°645 
29-600 
29°605 
29°608 

-| 29-681 
29-681 

-| 29°650 
29°608 
29°584 

-| 29563 
-| 29°594 

oo «| 20°591 
.| 29°570 
.| 29°524 
.| 29°480 

29°400 

Ther. 

50° 
69 
54 
55 
65 
56 
61 
66 
60 
55 
61 

55 
62 
56 
54 

56 
56 
63 
57 
58 
68 
58 
60 
69 
58 
56 

60 
56 
61 
59 
60 
64 
58 
56 
61 

53 
60 
55 
53 
62 
54 
55 
66 
58 
58 
67 
59 
58 
66 
58 

Hyg. - Wind. |Velocity. 

Feet. 
Sby W 

Ss 
S by W 

SE 
ESE 
E 

Eby S 
' Ebys 

ENE 
E 

EbyS 

SSE 
Shy W 

SW by W 
SW 

S 

EbyS 
ESE 
E 
E 

ESE 
E 

Var. 
SSW 
NNE 
NNW 

WNW 
W by N 

WwW 
WNW 
Ww 

W byS 
W by N 
‘W by N 
NW by N 

NNW 
NW by N 
NNW 
NE 
Var. 
ESE 
SSE 
SSE 
S 
SE 
Var. 
SSE 
SW 
SSW 
SSW 

Weather,| Six’s. 

Very fine} . 40° 
Very fine} 605 
Cloudy 
Hazy t s 
Fine 67 
Cloudy 
Cloudy : #2 
Cloudy 70 
Cloudy 
Rain : a: 
Fine 63 

Cloudy ; 2 
Fine 64 
Very fine 
Fine ; 46% 

— 65 
Fine 
Fine : ay 
Fine 6535 
Cloudy 
Fine ‘ oa 
Fine 68 
Fine 
Very fine ‘ ay 
Very fine} 71 
Showery 
Very fine : = 

a 66% 
Cloudy 2 
Cloudy ‘ 525 
Cloudy 6l2 
Cloudy A 
Cloudy 
Cloudy 645 
Cloudy 
Fine : 50 
Cloudy 61 

Very fine ¢ 44g 
Fine 61 
Very fine 
Very fine : 44 
Cloudy 653 
Cloudy 45 
Very fine 
Fine 67 
Cloudy 
Fine 41% 
Fine 69 
Fine 
Fine 492 
Showery| 664 
Cloudy 
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Meteorological Observations continued. 

Month. aa iPe,s Barom. | Ther.] Hyg.| Wind. jVelocity.|Weather.|Six’s. 
——— 

May Inches, Feet, 
Morn..,.| 29°193 —o} 94° NE Rain 50° 

192 |Noon,...} 297153 | 58 14 NNE Showery| 58 
Even....} 29°100 | — 85 SE Rain 55 
Morn,...| 29°100 57 54 iS) Showery : 

a |Noon....) — — = _ Rain 60 
1c se —_— = — Rain 402 
Morn,...| 29°061 56 71 ESE Showery : 2 

ai} Noon,...| 29-042 58 57 SE Showery | 593 
Even...) —= = == _ =. 48 
Morn....| 29°200 56 57 SE by S Showery ‘ 

at Noon... .| 29*257 63 43 | SEbyS Fine 634 
Even ....} 29°330 | 56 AT SE ~ Fine 48 
Morn....| 29°456 58 46 E Fine ' 

an} Noon....| 29°467 65 3T E Fine 67 
Even) ). 5.) == == eT _ aa 51 
Morn....} 297430 56 65 E Showery ‘ 

245 |Noon....| 29°466 | 558 54 E Showery | 63% 
Even ....| 29°457 58 52 ENE Showery 48 
Morn....| 29°469 51 67 NE Showery ‘ 

252 jNoon....} 29°469 | 57 52 r NE Cloudy 60 
Even. 29°438 | 53 52 NE Fine 4 
Morn....| 29°400 | 54 | 57 NE Cloudy : 2 

962 |Noon....}| — — — —_- —_ — 
Eveu....| 29°044 | 51 49 NE Cloudy |), 
Morn,...| 29-413 | 50 | 45 NE Cloudy |{ © 

272 |Noon....| 29°372 | 58 37 NE . Cloudy 442 
Even....} — — = -- _ ‘ ag 

aa) Morn....| 29-415 49 Al NNE Very fine} 
Noon....| 29°415 58 30 NNE Very fine) 423 

ny Even....| 29-430 | 50 | 34 | NE Cloudy ane 
Morn....| 29-445 AT 42 NNE Very fine 3 
Noon....| 29°453 54 30 N Fine 39 
Even ....| 29°500 46 35 NE Cloudy 5b 
Morn....! 29°341 49 39 WSW Very fine ‘ T 
Noon....| 29.527 55 32 Wsw Showery | 39 
Even....| 29°508 49 60 WNW Showery 561 
Morn*+-| 29-636 | 52.} 52 w Cloudy ‘ 3 
; Noon....| 29°634 57 AT SSW » |Cloudy 443 

Even ....| 29°658 52 64 Ww Rain 60 

Rain, by the pluviameter, between noon the Ist of May 
and noon the lst of June 3-063 inches. Evaporation during 
the same period 4-530 inches. 
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Awricre XII. 

METEOROLOGICAL TABLE. 

ai 

BaRoMETER, THERMOMETER, 

1819, Wind. | Max.| Min. }:Med, |Max.|Min., Med. 

4th Mon. 
April 17} S  {29°57|/29°40)29°485] 55 | 43 | 49°0 

18|S W/|29°76/29°57|29°665! 58 | 36 | 47-0 
19} W = |29°76129°72|29°740| 57 | 47 | 52°0 
20/8 W1}29°72\29°59|29°655| 61 | 46 | 53°5 
21S W/29°79}29'°59129'690| 59 | 42 | 50°5 
22IN W/29°85!29°74/29°'795| 49 | 42 | 45°5 
23) E  |29:74/29°51)29°625| 51 | 46 | 48°5 
24) E |29:65/29°5'\29°580] 52°} 45 | 48*5 
25|N  E|30°08|29:65|29°865| 50 | 34 | 420 
26} E |30°16|30:08/30'120] 52 | 32 | 42°0 
27| E |30°:16| —.} — | 56'| 25 | 405 
28\S E} — {30:05|30°105| 60°} 31 | 45°5 
29| E |30:05/29°80/29°925| 59 | 28 | 43°5 
30/8 E)}29°80/29:7 5|29°775| 60 | 28 | 44°0 

May 1S W29°75)29'68)29-715] 66:1 33 | 49°5 
Q\S E\29-68 29°57129:625| 69 | 48 | 58°5 
3\S  E)29°57|29°45|29°510} 71 | 49 | 60°0 
A\S  E/29°50)29°45|29'475) 69 | 50 | 59°5 
5|S_ —_E)2988]29°50/29'690] 65 | 44 | 54°5 
6)S W/30:00]29°88/29°94.0) 64 |. 39 | 51°5 
71S E'30°00}29°98/29°990| 66 | 49 | 57°5 
8} E {30°17/29:98'30:075| 69 | 44 | 565 
9S E!30:14130-06/30°100| 73 |. 46 | 59°5 

10|N W{30:14130-10/30'120) 69 | 53°} 61-0 
11] W = {30°10)30°04}30-070| 65 | 54 | 59°5 
12;N W/30'10|30:04/30'070| 67 | 53 | .60°0 
13|N W/30'10)30°00!30'050| 64.|-41 | 52°5 
14,N W({30:04/30:02|30'030} 64 | 40 | 52:0 
15] N ‘| —o} — } — 1°67 | 42") 54°5 

30°17129°40129'831] 73 | 25 | 51-671 67. 1-91 

The observations in each line of the table apply to a period of twenty-four 
hours,beginning at 9 A.M. on the day indicated in the first column, <A dash 
denotes, that the result is included in the next following observation. 
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REMARKS, 

Fourth Month.—11. Much wind in gusts, a, m,: the clouds large, and carried at 

a great elevation: the first swallows appeared : wet squalls, p, m.: some lightning 

about 10, and a gale through the night. 18. Cumulus, with the lighter modifica- 

tions above, followed by Nimbi and wind: bail in a shower about three, p.m.: 

the rainbow twice: calm at evening. 19—22. Mostly cloudy, with Cumulostratus: 

the cuckoo was heard in this interval. 23. Gloomy sky, with much Cirrostratus 

at evening: raip in the night. 24, Drizzling, a.m.: wet and windy, p.m. 

25, Agale, with much cloud in the morning: fair, p.m, 26. Fair, with heavy 

Cumulostratus. 27, 28. Hoar-frost: clear, fine days, with Cumulus, Cumulosiratus, 

and Cirrus. The dark part of the moon’s disk, which has been scarcely discernible 

this winter is again plainly visible by day, as she follows the sun. 29. Hoar- 

frost: fine day, with Cirrus and breezes, 

Fifth Month.—\. Fine: much Cirrocumulus, mixed with Cirrus: the wind a 

breeze. The gardens have suffered a little by the late frosts, more especially 

among the gooseberry bushes, which have cast about half their crop withus. 2. A 

superior westerly current appeared, a.m, carrying flocks of Cirrocumulus: 

between this and the S.E. wind below were large plumose Cirri, on one of which 

appeured a trace of a solar halo. These clouds increasing, with haze and Cumuli 

intermixed, the character of the sky became electrical: there was a lunar corona 

and a small bright halo at night with some lightning to the S.W. 3, Clouds 

grouped with an electric appearance as yesterday. 4, Obscurity anda little rain, 

a.m.:; heavy showers, p-m.: rain in the night. 5. Fine, with Cumulostratus. 

6. The same: Cirrus and Cumulus appeared: the smoke was attracted by the 

clouds, and a few drops of rain fell by inosculation among the latter, p. m. 

7, 8. Clouds various, and mixed with haze: on the latter night a very luminous 

large corona round themoon. 9. Large plumose Cirri, followed by obscurity and 

Cirrocumulus, with an electrical character: a fine shower at evening : rain in the 

night. 10—15. Fair, with the lighter modifications and breezes. 

RESULTS. 

Winds Easterly in the middle, Westerly in the beginning and end of the period, 

Barometer : Greatest height ......-..-+++-++++++ 30°17 inches, 

Teant fuj.<- <Rot . txoe eyeeicd ie oleate Beis (20r40 

Mean of the period. ........----+- 29°83 

Thermometer: Greatest height......++++-++2-e+0++ 13° 

Wheante rod. uacesecetste cs ccess sce. 2a 

Mean of the period........-+++++-- 51°67 

Mean of the Hygrometer......e--+ eessersecersers 67 

Evaporation, ..c.sceececsececesecenspeceweseseees 2 inches 

BAAD enn Pe Rec dani ss Pine denat owe iorenjeiawerwie cet ae cae 

TorrENHAM, Fifth Month, 17, 1819... L. HOWARD. 
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ARTICLE I. 

Experiments to determine the Composition of the different Species 
of Pit-Coal. By Thomas Thomson, M.D. F.R.S. 

THE great difference which exists between the qualities of the 
various species of pit-coal which abound in Great Britain must 
have struck the most careless observer. These differences have 
been long known to the consumers, and have led to the prefer- 
ence or almost exclusive use of particular species for particular 
purposes. It occurred to me last winter that a more accurate 
determination of the constituents of our different kinds of coal 
than had hitherto been made was likely to throw considerable 
light upon their application to specific purposes, particularly the 
manufacture of coke and the preparation of coal gas. It is 
already known that some kinds of coal yield a much greater 
aseous product, and of a much better quality than others. 
his I thought likely to depend upon specific differences in the 

composition of tle coal, and the following experiments will show 
that the conjecture was well founded. 

The Wernerian arrangement of black coal into six subspecies, 
though sufficiently minute, if not too much so, does not seem to 
me to be applicable to the different kinds of coal which exist in 
such abundance in Great Britain; at least I have never been 
able to arrange our British coals under it, far less to make it 
subservient to point out the different qualities of coal as an 
article of fuel, It will be necessary, therefore, in order that the 
following experiments be understood, to employ here a new sub- 
division of the various kinds of black coal. Those which I 
examined are the coals which occur in the neighbourhood of 

Vou, ZIV. N° II, i 
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Glasgow. I am far from certain that they include all the varie- 
ties of coal known in Great Britain, though, in all likelihood, at 

least the most important.of these varieties are found in this 

neighbourhood, which constitutes one of the richest coal dis- 

tricts in the island. The species of coal which I have examined 
are distinguished here by the following names : 

1. Caking coal. 
2. Splint coal, or lightburn hard coal. 
3. Cherry coal, or soft coal. 
4. Cannel coal. 

Besides these four species, I am aware of the existence of 
another, which is found in Wales under the name of Welsh culm, 
and in Ireland under the name of Kilkenny coal. This species 
does not ‘burn with flame, and leaves about 95 per cent. of 
charcoal. Want of specimens prevented me from subjecting 
this species to experiment. I think it not unlikely that the coal 
which exists in veins in the isle of Skye constitutes likewise a 
different species. The want of specimens prevented me from 
examining it; but, as far as I recollect, it possesses many of 
the qualities of vegetable charcoal. 

1. Caking Coal. 

The beds of coal in this neighbourhood, which are techni- 
cally distinguished by the name of the Glasgow seams, are six 
in number. The sixth, or lowest of these beds, consists of 
caking coal. It is a thin bed, little more than two feet in thick- 
ness. On that account, it is nowhere wrought at present; but 
the same species of coal exists in many other places. Thus it is 
found at Bannockburn, in Stirlingshire, and in various parts of 
the coal district in Fife. The coal in the neighbourhood of New- 
castle, which is carried to London and to all the south of 
England and the north of Scotland, belongs to this species. As 
the Newcastle variety is the most important, both on account of 
its quantity and the uses to which it is applied, I employed it in 
my experiments. It was from picked specimens of Newcastle 
coal that the following description was drawn up : 

Colour, velvet-black; in some places (from the fracture) 
greyish-black. 

Lustre, shining ; resinous. 
Principal fracture straight slaty; cross fracture partly small- 

grained uneven, when the lustre is only glistening ; partly small 
conchoidal, when the lustre is shining. It is not uncommon to 
observe the cross fracture having exactly the appearance of 
wood charcoal. 

It is soft, and very easily frangible. The fragments have more 
or less of a cubical shape. 

Brittle. Soils the fingers. 
Specific gravity, 1:269. 
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When heated, it breaks into a great number of small pieces. 
When the heat is raised to a certain point, it melts, and all the 
fragments are united together into one solid mass. This gives it 
the name of caking coal. 

It catches fire very easily, and burns with a lively yellow flame ; 
but in consequence of its caking property, it requires to be 
frequently stirred to admit the access of air, otherwise it is extin- 
guished. 

This species of coal is distinguished by the length of time 
which it burns, and the great heat which it gives out; so that 
when it can be procured at the same price, it is much more 
economical than any of the other species of coal. 

2. Splint Coal. 
This species of coal constitutes the fifth of the six Glasgow 

coal-beds, or the lowest bed at present wrought. It is thin, 
varying in thickness from 30 inches to three feet. It occurs also 
occasionally ia some of the other beds, particularly the second ; 
but does not constitute the whole of any of the beds except the 
fifth. It is a well characterized species, and constitutes the 
most valuable of the Glasgow coals, and always sells at a higher 
price than the cherry coal or soft coal, as it is also called. It 
is the only species of coal which is employed in the neighbour- 
hood of Glasgow for the manufacture of coke. It is found to 
answer remarkably well for smelting iron, and is solely used for 
that purpose. Hence, perhaps, the reason why the iron smelted 
in the neighbourhood of Glasgow is considered as of a better 
ae and brings a higher price in the market, than either 

elsh or Staffordshire iron. ‘This at least is the case with the 
iron made at the Clyde iron work, where splint coal alone is 
sy ei 

olour black, with a slight shade of brown. 
Lustre between glimmering and glistening; resinous. Lustre 

of the streak between glistening and shining. It is not uncom- 
mon to meet with thin layers of cherry coal running through 
splint coal. Such layers have a much higher lustre, and a much 
ee black, and, therefore, are easily distinguished from splint 
coal. 

Principal fracture imperfect curve slaty. Cross fracture fine 
grained, uneven, and splintery. It is this splintery appearance 
that seems to have led to the name splint coal. 

Not harder than either caking coal or cherry coal; but much 
more difficultly frangible. Hence it is commonly called hard 
coal. Fragments usually inclining to wedge-shaped. ; 

Specific gravity, 1-290. 
It requires a much higher temperature to kindle it than is 

necessary either for caking coal or cherry coal. It burns with 
flame ; but lasts much longer than cherry coal. In consequence 
of the high temperature requisite to maintain the combustion, it 

F2 
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does not answer well for a very small fire ; but when a grate full 
of splint coals are once thoroughly kindled they make an excel- 
lent fire. 

3. Cherry Coal. 

This is, perhaps, upon the whole the most beautiful species of 
Glasgow coal. — It. constitutes the greatest part of the four 
uppermost of the Glasgow beds, especially the third and fourth 
beds ; for the second bed contains a considerable proportion of 
splint coal. I consider the Staffordshire coal as the same 
species with the Glasgow cherry coal. In the neighbourhood of 
Wolverhampton, it is employed for smelting iron m abundance. 
No doubt, therefore, it might be used for the same purpose in 
the neighbourhood of Glasgow, were it not that the splint 
coal is found preferable in every respect. This species of coal 
abounds likewise in Fife. The Edinburgh coal is probably 
intermediate between splint and cherry coal. 

Colour velvet-black, with a slight shade of grey. 
Lustre in some places splendent; in others shining: where 

the lustre is shining, the coal has exactly the appearance of 
caking coal; but it is easily distinguished from that species by 
not melting or becoming soft when heated. Kind of lustre 
resinous. 

Principal fracture straight slaty. The different slates or 
plates differ in their lustre ; some of them are splendent; others 
only shining. The surface of both is smooth. When the lustre 
is splendent, the surface is specular ; but when cnly shining, the 
surface is merely even. Cross fracture mostly flat, conchoidal, 
and specular splendent. In some places it has exactly the 
aspect of wood charcoal. 

{It is of about the same degree of hardness as caking coal. 
Like it, cherry coal is very easily frangible; so that there is a 
good deal of waste in mining it; and as it does not cake, the 
small pieces are unsaleable, except for furnaces. At Birming- 
ham, the loss in mining, including the pillars left to support the 
roof, amounts to about two thirds of the whole. 

Fragments rectangular, and approaching the cubic form. 
Much more brittle than caking coal. 
Specific gravity 1-265. 
When exposed to heat, it readily catches fire, and burns with 

a clear yellow flame, giving out a great deal of heat. The flame 
continues till the coal is almost consumed, which takes place 
much faster than when either caking coal or splint coal is 
employed. Hence this coal makes the most rapid and the most | 
cheerful fire of the three ; but is by no means so economical. It 
is easily distinguished from caking coal by not melting nor 
becoming soft when heated. 

4. Cannel Coal. 

This species has been Jong familiar in Great Britain, and is 

~ 
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very well characterized. It does not occur in any of the six 
Glasgow beds of coal. What is burned in that. city comes 
chiefly from Lismahago, and occurs in beds situated above all 
the Glasgow beds. It is found also in different parts of Airshire, 
where it is manufactured into ink-horns, snuff-boxes, and other 
similar trinkets. It abounds, as is well known, at Wigan, in 
Lancashire. There is a mine of it in Lord Anglesea’s park at 
Beaudesert, not far from Coventry, which his lordship keeps for 
his own private consumption. 

Colour dark greyish-black; sometimes brownish-black. 
Lustre glistening ; resinous. It takes a good polish. 
Fracture usually large and flat conchoidal. In the great, it is 

frequently slaty. 
Tn some varieties, the fragments approach the cubic shape ; 

in others, they are wedge-shaped, or even quite irregular. 
About the same degree of hardness as the other species of 

coal. , 
Brittle. _ Does not soil the fingers. 
Much more difficultly frangible than caking coal or cherry 

coal; but more easily broken than splint coal. 
Specific gravity 1-272. 

hen applied to the flame of a candle, it catches fire, and 
burns with a strong yellow flame without melting. This, easy 
combustibility induces many persons to employ cannel coal to 
light their rooms as a substitute for candles. For this purpose, 
they put a piece of it on the top of their fire, and supply its place 
with another piece, as soon as it is consumed. If the slaty 
structure of the cannel coal be laid along the fire, the piece soon 
flies to pieces with a crackling noise, and is driven, in flames to 
the furthest corner of the room. Hence the reason why this 
species is known in Scotland by the name of parrot coal, Lf the 
coal be laid on the fire so that its plates are perpendicular to the 
surface of the grate, it speedily splits into thin plates like the 
leaves of a book; but it does not spark out of the fire; the 
pieces that would otherwise fly off being intercepted by the 
direction of the plates. 

Such is a description of the four species of coal known in the 
neighbourhood of Glasgow, and to which the following experi- 
ments were confined. 

Il. Experiments to determine the Constituents of the four 
Species of Coal. 

It has been hitherto the general opinion of chemists that. pit- 
coal is a combination of bitumen and charcoal. They have 
endeavoured to determine the proportion of each of these con- 
stituents by subjecting the coal to distillation. The loss) of 
weight was ascribed to bitumen, and the residual coke was 
considered| as the proportion of jthe coal which consisted of. 
charcoal... Kirwan. formed the same notion respecting. the 
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constitution of coal, and he attempted to analyze it by determin- 
ing the quantity of saltpetre which a. given weight of each 
species of coal is capable of decomposing ; for this quantity he 
considered as proportional to the charcoal of the pit-coal; the 
bituminous portion being too volatile to be capable of being 
raised to the temperature requisite to enable it to decompose the 
nitre. / 

It seems unnecessary to make any observations upon the 
analyses of coal hitherto published. We have no evidence 
whatever that pit-coal is a compound of charcoal and bitumen. 
We cannot resolve it into these two constituents except by the 
action of heat ; and these are not the only constituents obtained, 
when we distil pit-coal; for we always find water and ammonia 
in the receiver as well as bitumen. Nor are we able to prevent 
a considerable proportion of the coal from making its escape in 
the state of gas. We have, therefore, exactly the same evidence 
that pit-coal is composed of charcoal, bitumen, water, ammonia, 
carburetted hydrogen gas, and olefiant gas, as we have that it is 
a compound ef bitumen and charcoal ; but when we attempt to 
mix all these constituents together, we are quite unable to form 
any Substance exactly resembling the pit-coal from which we 
procured them. Pit-coal seems to be nothing else than a pecu- 
liar combustible substance formed by the union of certain 
proportions of carbon, hydrogen, oxygen, and azote. In what 
way these ultimate constituents are grouped together, we have 
no accurate notion; but it will appear from the following expe- 
riments that every species of pit-coal is a definite compound of 
a determinate number of atoms of each of its constituents. 

1 conducted the experiments to determine the constitution of 
the different species of pit-coal in the following manner: 1. I as- 
certained the quantity of earthy matter left when each species 
was kept for many hours in a red heat in an open muffle. 
2. I converted a given weight of each species into coke, by sub- 
jecting it to a strong heat in a close vessel, and determmed the 
proportion of coke which each yielded. 3. 1 mixed a given 
weight of each kind of coal with peroxide of copper, and sub- 
jected the mixture to a red heat in a copper-tube connected with 
a mercurial trough, and determined the quantity of carbonic 
acid and water disengaged, and the bulk of azotic gas evolved 
—data which enabled me to determine the quantity of carbon, 
hydrogen, azote, and oxygen, of which the coal was composed. 
I shall state in succession the results obtained in each of these 
three suits of experiment. ; 

1. Earthy Matter contained in each Species. 

To determine this point, 20 er. of each species of coal were 
put into a platinum crucible or cup, which was introduced into 
a muffle, and kept red-hot till every thing combustible was con- 
sumed and dissipated. From four to six hours are requisite to 
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perform this experiment aright. The muffle must be perforated 
with holes at its upper extremity in order to occasion a current 
of air through it, without which the combustion is very. slow 
indeed. I kept 20 gr. of coal red-hot in a close mufile for eight 
hours ; but on allowing the furnace to cool, and examining the 
coal, I found it by no means completely burnt. The following 
table exhibits the proportion of earthy matter left by 20 gr. of 
each species of coal tried. 

Graiv. Per cent. 

bi Gakane Goals da) wai je. bran 03, =) 1-5 
2. sdplinticoalsy J isi. ycoak.e a Doe oOo 
Bw Gherryp coab/iitssil...cichian 2*Oi==td 0-0 
4e\Cannelcoal jf iithfclent eben 2:2, =. 11:0 

The cannel coal which I used in my experiments was from the 
Marquis of Anglesea’s park, near Coventry. Its colour was 
brownish-black, and it was interspersed with small particles of a 
yellowish-brown colour, which burned like the rest of the mass. 

These ashes had a white colour. They contained no lime; 
but were chiefly siliceous, mixed, however, with a certain pro- 
portion of alumina and oxide of iron, There is every reason for 
believing that this earthy matter is of the same kind with that of 
which the slate clay which accompanies the coal beds is 
composed. 

2. Coke yielded by each Species of Coal. 

To determine with precision the quantity of coke which a 
given species of coal will yield, it is obviously necessary to 
expose it to heat in a close vessel; for when coal is coked in 
the open air, a much greater loss must be sustained than what is 
owing merely to the volatile matter dissipated by the action of 
the heat. Accordingly coking ovens have been found more 
economical than coking in the open air. But though the iron 
smelters in the neighbourhood of Glasgow are aware of this 
circumstance, they prefer the old method of coking the splint 
coalin the open air. By this process they lose a portion of their 
coke; but they find that the quality of the iron is injured when 
they smelt it with coke prepared in ovens. They assign as a 
reason that the sulphur which the splint coal contains (under the 
form of pyrites) is much more completely dissipated when the 
coal is coked in the open air than when it is coked in ovens. 
Whether this explanation be satisfactory, I cannot pretend to 
determine; but it is considered as a settled point that the 
quality of the iron is improved when the coal employed to smelt 
it has been coked in the open air; and this improvement is 
considered as a full equivalent for the waste of coal that is sus- 
tained by coking it in the open air, 

The truth seems to be, that as the iron makers in this neigh- 
bourhood are either great coal proprietors, or at least have leases 
of large tracts of coal, they have not been much in the habit of 
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turning their attention to economizing this most important 

article, conceiving that they gain as much upon the whole by 

the tendency which their increased consumption has to raise the 
price of coals, as they lose by that increased consumption. But 

though this mode of reasoning may, perhaps, apply to the present 

- race of iron smelters in this neighbourhood, it certainly will not 

to their successors. Greater attention to the economy of this 

important article would probably contribute to the improvement 

of the iron trade upon the whole. 
I converted the different species of coal into coke by exposing 

given weights of each to a strong red heat for about an hour in 

a covered platinum crucible. The following table exhibits the 

results of these experiments : 

Coal put into the Loss of weight sus- 
crucible, Coke formed. tained, 

. Grains; Grdins. Grains. 

Caking coal. .... 100°0 77°4 22:6 

Splint coal...... 337°4 218-4 119-0 

Cherry coal. .... 293-0 153-1 139°9 

Cannel coal. .... 200-0 80:0 120°0 

The reader will be able to form amore accurate conception of 
the quantity of coke which each of these species of coal yields 
from the following table, in which we have supposed the orginal 
weight of the coal before coking to be 1000. 

2 Pr § g3 g 4 
Ss 3 2% 5 be © bb = 
= 9 aes E+ m8 we 

ay at 2a Boe ie eee 2 
=a =é Sa =e38 223 Set lie 
PE ofis q .2 BO eS ne S 5 
oo oe ia) goad Son ferics 
S = > = = > 

SSS ies one | _ as 

Caking coal... 1000 174-0 226°0 1000 110°6 229-4 ~ 

Splint coal.. 1000 647°3 352°7 1000 610°3 389°7 

Cherry coal. . 1000 522-5 AIT'5 1000 469°4 530°6 

Cannelcoal..| 1000 {| 400°0 6C0:0 1000 325°8 6742 

From this table it is evident that the Newcastle coal yields by 
far the greatest quantity of coke, while the cannel coal yields the 

smallest quantity. The reason of this will be evident as soon as 

I have given the constituents of which each of these species con- - 

sists. The coak from all the species of coal has a good deal of 

the metallic lustre, is much lighter than the coal, and has a 

silvery aspect. The coke from caking coalis split into columns, 

having much the appearance of basaltic columns, or rather 

bearing a close resemblance to the shape which starch assumes 
when it is allowed to dry by the manufacturer. 
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3. Constituents of each Species of Coal. 

The method which I employed to analyze the different species 
_ of coal was this. I reduced one grain of the coal to a fine pow- 
der, and mixed it intimately with 140 gr. of peroxide of copper 
in a fine powder, which had been subjected to a red heat in a 
crucible, and had been kept in a well-stopped glass phial. This 
mixture was put into a copper tube, and occupied a portion of it 
amounting to about four inches in length at the upper end of the 
tube. The copper tube was then filled with peroxide of copper. 
I first luted to the end of the copper tube a glass tube of the 
shape and size described in the Annals of Philosophy, xii. 109, 
having previously filled it with dry muriate of lime in powder. 
That part of the copper tube contaiming the mixture of coal and 
eroxide of copper was then heated to redness, and kept in that 

state till all extrication of gas was at an end. The gas was 
collected over mercury, its quantity was estimated, and its 
nature ascertained. The glass tube, by the increase of its 
weight, indicated the quantity of water which had been evolved 
during the process. 

The inconveniences attending this apparatus were the follow- 
ing: 1. The muriate of lime was apt to melt at the upper extre- 
mity of the tube, owing partly to the water which it absorbed, 
atid partly to the heat to which it was exposed. When this 
happened, it effectually prevented the gaseous product from 
making its way through the tube; so that the process for that 
time failed. 2. The increase of weight which the tube sustained 
varied considerably in different trials with the same coal ; though 
the process was conducted in every respect m the same way. 
As the glass tube was luted to the copper tube by means of fat 
lute, and as this lute during the process was unavoidably raised 
to a temperature higher than that of boiling water, I could not 
be certain that some part of the increase of weight of the tube 
did not proceed from the lute. 

To get rid of this inconveniency, I got a brass tube with a 
small bore (not larger than a moderate sized wire), about four 
inches long, bent into the shape of the upper extremity of the 
glass tube. One end of this brass tube was ground so as to fit 
exactly the extremity of the copper tube ; and as brass is more 
expanded by heat than copper, there was no risk of its loosening 
during the continuance of the experiment. The other end of the 
brass tube was shaped so as to fit the extremity of a glass tube 
similar to the one formerly employed ; only it was deprived of its 
upper end ; its diameter was rather greater, and it was stouter. 

e end of the glass tube was cemented to the brass tube in one 
case (for I have several different tubes) with plaster of Paris, in 
another by shell lac; and I found both methods to answer 
equally well. The glass tube was filled with pounded muriate of 
lime, which ‘was prevented from making its'way into the: brass 
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tube by means of a little amianthus with which I stuffed its 
extremity. 

Such 1s the last state to which I have reduced my apparatus. 
But I find myself still unable to prevent considerable differences 
from taking place, both in the quantity of gas evolved, and of 
moisture absorbed by the muriate of lime, in different trials on 
the same coal. To what these differences are to be ascribed, it 
is not easy to say. I have been suspecting that the column of 
muriate of lime through which the gas passes (about 12 inches) 
is not, perhaps, long enough to deprive it effectually of all its 
moisture. I imtend, therefore, to make trial of a column twice 
that length to see whether it will yield more steady results ; but 
I suspect that the chief, if not the only cause of these differences 
is the difficulty of reducing the coal to a powder sufliciently 
fine, and of mixing it with perfect regularity through so great a 
proportion of peroxide of copper; for unless every particle of 
coal be very small, and unless it be in contact with a sufficient 
number of particles of peroxide of copper, it is very possible that 
it may escape complete combustion. 

In such experiments, therefore, it would be extremely hazard- 
ous to trust to a single tral. I generally made six successive 
experiments upon each kind of coal, and sometimes even more. 
The conclusions were drawn from a mean of all the experiments, 
except when some obvious reason presented itself for excluding 
any individual experiment. 

1. Caking Coal. 

From one grain of caking coal, treated in the way above 
described, there were evolved 5:917 cubic inches of gas, suppos- 
ing the barometer to stand at 30 inches, and the thermometer to 
stand at 60°. Of this gas, caustic potash absorbed 5:3167 
cubic inches, which were considered to be carbonic acid gas. 
The residual gas (measuring 1-12 cubic inch) was left for 24 
hours in contact with a stick of phosphorus, at a temperature 
which varied from 60° to 80° according to the time of the day. 
The 112 volumes of gas by this treatment were reduced to 98°56 
volumes. The 13-44 volumes which disappeared, I considered 
as oxygen gas. I suppose this oxygen gas to be derived from 
th=“common air which occupies the interstices of the peroxide of 
copper and muriate of lime im the tubes. The amount of this 
common air is easily estimated when we know the volume of its 
oxygen; for if we multiply the volume of oxygen by five, we 
obtain the volume of common air. From this it is obvious that 
the portion of the residual gas, which was common air, amounted 
to 0°672 cubic inch. The remainder, amounting to 0-448 cubic 
inch, must have been azotic gas obviously derived from. the 
decomposition of the grain of caking coal on which the experi- 
ment was made. 

It is obvious that the place of 0-672 cubic inch of common 
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air, which was found in the residual gas, must have been sup- 
plied in the tubes by an equal volume of the gas extricated by 
the decomposition of the coal. Now this gas was a mixture of 
11 parts in volume of carbonic acid gas and one part of azotic 
gas; so that to the volume of carbonic acid gas evolved, we 
must add +iths of 0-672 cubic inch = 0-616 cubic inch; and 
to the volume of azotic gas ,4th of the same quantity = 0-056 
cubic inch. Hence the quantity of carbonic acid and of azotic 
gas evolved by the decomposition of a grain of caking coal was 
as follows : 

Cubic inches, 

Carbonic acid gas ............s06- 5°9327 
AZotic Gas . 1... cee eee eee se ees 0°5040 

During the process, the tube containing, ie muriate of lime 
had increased in weight 0°3744 grain, which is equivalent to 
0-0416 grain of hydrogen. 

These are the data from which the constituents of caking coal 
are to be estimated. They are the result of several experiments, 
which agreed exactly with each other in the quantity of water 
formed, but not in the quantity of gas evolved. 

One hundred cubic inches of carbonic acid gas, when the 
barometer stands at 30 inches and the thermometer at 60°, 
contain 12-647 gr. of carbon; therefore, 5-9327 cubic inches of 
this gas contain 0°7503 gr. of carbon. 

One hundred cubic inches of azotic gas, under the mean tem- 
rature and pressure, weigh 29-652 gr.; therefore, 0°504 cubic 

inch weigh 0-1494 gr. 
We have, therefore, the constituents ofa grain of caking coal 

as follows : 
Caren SSE Sera. OSt 0°7503 
Hydrogen... o.oo 0-0416 
BURG ian Cede oe Seen Q:1494 
Mies Cee.) Laat 0-0150 

0-9563 
Lost out Hi dvi 2n8 J . 00437 

1-0000 

This loss we must consider as oxygen. Had it been any 
_—s else, it would have made its appearance among the gaseous 
products. 

The weight of an atom of carbon is 0°75, and the weight of an 
atom of hydrogen 9-125; or an atom of carbon weighs six times 
as much as an atom of hydrogen; but the number 7503 denoting 
the weight of carbon in the coal, is 18 times as great as the 
number 416, which denotes the weight of the hydrogen. It is 
obvious from this, that the coal contains three times as many 
atoms of carbon as it does of hydrogen. 

If we compare the volume of carbonic acid gas evolved with 
; 5 
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that of the azotic gas evolved, we shall find the former rather 

more than 1] times as great as the latter. From this, it follows 

that the number of atoms of carbon in the coal bear the ratio to 
that of the azote of 11 to 1. 

The weight of an atom of oxygen is to that of an atom of 
hydrogen as 8 to 1; but the numbers 437 and 416 are to each 
other nearly in the ratio of equality. Hence it follows, that the 

number of atoms of hydrogen is eight times as great in the coal 
as those of the oxygen. 

From these data, it is obvious that the smallest number of 

atoms of which caking coal can be composed is the following : 

33 atoms carbon...... = Oey | aetna 75°28 

1] atoms hydrogen. .. = 1°375 ...... 4-18 

3 ‘atoms azote, iy SI DQ260KG Hd. 15:96 
1°5 atom oxygen..... ee OTR OUI. WO, - 9:58 

32°875 100:00 

So that the weight of an integrant particle of caking coal cannot 
be less than 32°875 ; and it must be either that number, or a 
multiple of it. 
What I consider as constituting the important part of this 

analysis is the establishment of the fact that caking coal con- 
tains three times as many atoms of carbon as it does of 
hydrogen. 

' 2. Splint Coal. 

This species is not so easily decomposed when heated along 
with peroxide of copper as the other species. The copper tube 
must be kept for several hours in a strong red heat. We found 
it necessary to urge the charcoal fire durimg the whole conti- 
nuance of the experiment by means of bellows, otherwise the 
evolution of gas immediately stopped. 

The mean of the trials made to determine the composition of 

this coal gave the following results : 
From one grain of the coal, there were evolved 4-492 cubic 

inches of carbonic acid gas and 0:144 cubic inch of azotic gas, 

reduced both to the mean temperature and pressure. The water 

extricated during the experiment weighed 0-4 gr. equivalent to 
0:044 gr. of hydrogen. 

Hence the constituents of a grain of splint coal are as follows: 

GATT Gictacsie Suckeuateislckois sane tod 0°568 
Hydrogen... ee wos .- 0°044 
ONANIDE qd seinohe ae ee ea ere 0-043 
SEES te aiciedS) &, 0 Shnie re 18 Sasa OU) 

0°755 
Oxygen etgy: tery. a0 t40! 0245, 

. a 1-000 
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By a train of reasoning precisely similar to that which was 

followed in considering the products obtained from caking coal, 
it may be shown that the number of atoms of each of these 
constituents bear to each other the following ratios : 

28 atomscarbon...... = 21:00 ...... 75°00 
14atoms hydrogen... = 1°75 ...... 6°25 
1, atom. azote).cio. a2 = 1°75 eG: 25 
52 atoms OXYPeN.) 0... = OO. vicki s 12°50 

28-00 100-00 
From the preceding table, we see that in splint coal (abstract- 

ing the ashes) there is almost as great a quantity of carbon as in 
caking coal; yet the latter yields more coak than the former. 
The reason of this apparent anomaly presents itself to our view 
upon comparing the atoms of carbon and hydrogen in the two 
species. In caking coal, the atoms of carbon are to those of 
hydrogen as three to one. In splint coal as two to one. It is 
this additional dose of hydrogen in the splint coal which enables 
the heat to carry off a greater proportion of the carbon than in 
caking coal, and of course reduces the weight of the coke. 
Carbon itself is not volatile when heated ; it requires the pre- 
sence of hydrogen to give it the gaseous state. 

3. Cherry Coal. 

This coal is decomposed with much greater facility than splint 
coal, when heated along with peroxide of copper. Gas comes 
over plentifully, though the heat to which it is raised scarcely 
amounts to redness. ’ 

From one grain of this coal treated in the usual way with 140 
grains of peroxide of copper, I obtained the following gaseous 
constituents reckoned under the medium pressure and tempera- 
ture. 

Carbonic acid PB vais, c she 5:27 cubic inches. 
PEDUIE LEAS oo 6's he sn em : 

The water evolved amounted to 0:9 gr. equivalent to 0:1 gr. of 
hydrogen. 

Hence the constituents of cherry coal are as follows : 

Carbome yey ain? .--. 0666 
Hydrogen t's si5.1 fi 10 APH . 0-100 
Azote....... LA ie 0-092 
Barth .*. Sy oeblipyaa hha 0-100 

0-958 
Oxygent. ie Mare sade aes 0-042 

1-000 
These weights, when converted into atoms, become equiva- 

lent to the numbers contained‘in the following table : 
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O4 atoms cathon OS SSO. 74°45 
oY atoms hydregen. Ss aa 12°40 
JOMatOMS"AZOLer ey eae Se COO tess 10°22 
| atom oxygen. ....... Zaps Ba. 1 Pag ei 2°93 

34-25 100-00 
Thus we see that in cherry coal (abstracting the earthy part) 

the absolute weight of carbon is almost as great as in splint coal, 
or caking coal; yet it yields less coke than either of these 
species, and burns away also much more rapidly than either of 
them. The reason is obvious when we know that cherry coal 
contains twice as much hydrogen as splint coal. In splint coal, 
the atoms of carbon are to those of hydrogen as two to one; in 
cherry coal as two to two. Hence the reason why cherry coal 
burns so rapidly, why it yields so much gas, and why it furnishes 
so little coke. 

4. Cannel Coal. 

The experiments on this species of coal were conducted pre- 
cisely in the same way as the others. The gaseous products 
from one grain of the coal reduced to the mean temperature and 
pressure were as follows : 

Carbonic acid gas. .... 4°585 cubic inches. 
RADIO GOR. sa scg at eae 0°450 

The weight of the water extricated amounted to 18 gr. equi- 
valent to 0°20 gr. of hydrogen. Hence the constituents of this 
coal are as follows: 

RIA taki a aimiigne week oo 0°626 
TAY CHOBE ss iro osn's Ob v bE Far biS 0-200 
AZOLE sb bide hes aie ee vias Sas 0-142 
P| a Ao ee Sere Ge 0-100 

‘ 1-068 

Here there is a slight excess in the weight of the products 
above that of the original coal; so that we have no reason to 
infer that cannel coal contains oxygen as a constituent. In this 
respect it differs materially from the other three species of coal, 
all of which contain less or more of that principle. 
When we convert these weights into atoms, we have the 

composition of cannel coal as follows : 

11 atomes@arbOn fase -es wre SO QB | 6 laste eww 64:72 
22 atoms hydrogen. .... = 2°75 .sese- 21-56 
POtOMD. SEO acaueig.o.e 45.9) at OPH 5 ah aa 8 13°72 

12°75 100-00 

Thus cannel coal contains twice as many atoms of hydrogen 
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- as it does of carbon. Hence the readiness with which it burns ; 

the great quantity of gas which it yields; and its unfitness 
for the purposes of coking. 

The following table exhibits in one view the results of the 
preceding experiments on the composition of these four different 
species of coal. 

1. Constituents by Weight. 

Carbon. Hydrogen, Azote. Oxygen, Total, 

Caking coal.| 75:28 4-18 15:96 4°58 100 
Splint coal ..| 75-00 6°25 6°25 12°50 100 
Cherry coai.} 74-45 12-40 10-22 2°93 100 
Cannel coal .| 64-72 21°56 13-72 0-00 100 ete eT ee 

II. Constituents in Atoms. 

| Carbon. Hydrogen, | Azote, | Oxygen oa Be 
— =——o Ub ee | en oe —— - 

Caking coal.| 33 11 3 tidy. 16D, [o ASD 
Splint coal..| 28 14 ] ot 4614 
Cherry coal; 34 34 2 | 1 71 
Cannel coal. 11 22 1 0 34 

I flatter myself that these experiments, imperfect as they are, 
will serve very materially to guide manufacturers in the choice of 
their coal according to the peculiar objects which they have in 
view. We see from them that the goodness of a coal does not 
depend so much upon the absolute quantity of carbon which it 
contains, as upon the proportion which exists in it between the 
carbon and the hydrogen. When the object is to convert the 
coal into coke, or when we wish to make it subservient to the 
production of long, continued, and intense heat, we must make 
choice of the species which contains the greatest proportion of 
carbon and the smallest of hydrogen. On the other hand, when 
the object is to procure coal gas, we must choose the species 
which contains the greatest proportion of hydrogen compared to 
that of the carbon. For this purpose cannel coal answers best 
of all. It contains twice as many atoms of hydrogen as it does 
of carbon, and seems likewise to be destitute of oxygen, or at 
least nearly so. Next to the cannel coal, the cherry coal 
answers best for the preparation of coal gas. Caking coal is 
inferior to cherry coal for this purpose. I have not tried splint 
coal, being deterred by the great heat requisite to decompose it; 
yee it would not in all probability yield much gas, nor of the best 
quality. 

I have made a great variety of experiments on coal gas, but 
think it needless to state the results, as they contain but little 
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novelty. Cherry coal yields almost pure carburetted hydrogen 
gas. The goodness of coal gas depends very much upon the 
rapidity with which the heat is applied. By long continued low 
heats, | have never been able to obtain a gas that burned with 
a strong light. I have tried what kind of gas could be obtained 
by decomposing the coal tar ; but the result. did not answer my 
expectation. The gas obtained yielded too little light to make 
it worth while to prosecute such experiments further. 

It is obvious, from the preceding experiments, that the four 
kinds of coal found in the neighbourhood of Glasgow are com- 
posed each of definite proportions of their constituents, and, 
therefore, that they constitute four distinet species of coal, 
which must be placed separately by mineralogists. I present 
them with these results as a first approach tothe arrangement of 
coal. When similar experiments are sufficiently varied and 
extended, we shall know whether all the varieties of coal 
can be arranged under these four species, or whether there do 
not still exist other species of coal not found in this neighbour- 
hood, 

ArTICLE II, 

On a Native Compound of Sulphuret of Lead and Arsenic. 
By James Smithson, Esq. F.R.S. 

Paris, May 19, 1819. 

Tuis mineral is found in Upper Valais, in Switzerland. It is 
lodged in ‘a white, granose, compound carbonate of lime and 
magnesia. It is accompanied in this rock by regular crystals of 
yellow sulphuret of iron; by red sulphuret of arsenic ; and by 
some other substances. 

This compound sulphuret has a metallic aspect. It is of a 
grey colour; it is exceedingly brittle and soft; its fracture in 
some directions is perfectly vitreous; but in at least one direc- 
tion, it is evidently tabular ; but the size of the fragments I had, 
not exceeding coarse sand, precluded research with respect to 
crystalline construction. By trituration, this ore afforded a red 
powder. 

At the blow-pipe, this ore melted instantly on the contact of 
the point of the flame. It smoked considerably ; and a small 
flame was visible on the surface of the melted button. On cool- 
ing, this button forced out a quantity of fluid matter from its 
interior. During the fusion, the bead occasionally swelled up, and 
puffs of dense smoke issued from it ; due evidently to a volatile 
matter, which the fire expelled from another less volatile. Finally, 
abutton of amore fixed, less fusible, white metallic matter, exten- 
sible under the hammer, was left, and which proved to be lead. 
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Some bits of this compound sulphuret heated in a tube over a 
candle, melted, and a red sublimate rose, which became yellow 
on cooling, and looked hike orpiment. 

Some of this ore, being fused with nitre, deflagrated, and 
became a white oxide. The solution of this nitre afforded a 
white precipitate with muriate of barytes; and with nitrate of 
silver, a brick-red precipitate of arseniate of silver. 

The white precipitate by muriate of barytes was only partially 
soluble in nitric acid. The insoluble part of this precipitate, of 
which the quantity was so minute that no balance would have 
been sensible to it, was carefully collected on to a very small 
bit of charcoal fixed toa pin. It was then strongly heated at 
the blow-pipe. This bit of charcoal now put into a drop of 
water, placed on a silver coin, immediately made a black stain of 
sulphuret of silver on the coin. This is the nicest test 1 am 
- i yy with of the presence of sulphur, or sulphuric acid, in 
odies. 
The quantity I possessed of this mineral for experiment was 

very small. The above trials were made with particles little 
more than visible; however, the results, I shine, sufficiently 
establish the nature of the constituent parts. Their respective 
proportions must remain for inquiries on another scale. 

Articte III, 

Researches on a new Mineral Body found in the Sulphur extracted 
from Pyrites at Fahlun. By J. Berzelius. 

(Continued from vol. xiii. p. 412.) 

Composition of Selenic Acid.—I have found it almost impos- 
sible to determine exactly the composition of selenic acid 
directly. Among the methods to which I have had recourse, 
none has appeared to me better than the analysis of the double 
acid of which I have just given an account. 

To make this analysis, [ took a piece of barometer tube, and 
blew two hollow spheres in the middle of it at the distance of 
two inches from each other. Into one of these balls I put a 
iece of selenium, after determining its weight with accuracy. 
then drew out the two ends of the barometrical tube into tubes 

almost capillary. The object of the second ball was to receive 
the vapours of the double acid which might be volatilized by the 
heat evolved in the ball containing the selenium. The apparatus 
thus prepared was accurately weighed. I then introduced into 
it chlorine gas, which had passed through a tube 21 inches in 
length, and filled with dry muriate of lime. The gas was intro- 
duced by the tube till it came in contact with the selenium, and 

Vou. XIV. N° II. G 
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the operation was continued for five hours ; or till the selenium 
was entirely saturated with the gas. The double acid this 
obtained had some yellow spots which I was unable to make 
disappear. The chlorine remaining in the apparatus was now 
expelled by common air, which was made likewise to pass 
through the muriate of lime. The apparatus was now weighed. 
Its weight had increased 1°79 gramme, the original weight of 
the selenium being one gramme; consequently the weight of 
the double acid was 2:79 grammes. If, according to the result 
-of experiments stated elsewhere,* 100 of chlorine gas supposes 
22:59 of oxygen, it follows from this experiment that 100 of 
selenium have combined with 40-436 oxygen. . 

But as it might .be supposed that, notwithstanding the pre- 
cautions which [ had taken, the gas absorbed retained water, I 
endeavoured to determine the point in the following way: I 
dissolved the double acid in water, taking care that nothing was 
lost, and precipitated the liquid by nitrate of silver. The preci- 
pitate, which was a mixture of muriate and seleniate of silver, 
was washed with boiling water, acidulated with nitric acid, as 
long as it continued to carry off any portions of seleniate of 
silver. The muriate of silver, washed, dried, and melted, 
weighed 7-2285 grammes = 1-38 er. of anhydrous muriatic acid, 
and = 40:274 of oxygen combined with 100 of selenium. If we 
admit that this analysis was made without loss, the chlorine 
must have contained 0:0073 gr. of humidity ; but as it is scarcely 
possible to avoid some loss, we may presume that the true quan- 
tity of oxygen is between 40:274 and 40-436. I, therefore, 
assume 40°33 for 100 of selenium. 

In another experiment, in which I was able to procure only 
0-937 gramme of double acid, I obtained 2-43 gr. of fused muriate 
of silver. This amounts to 40:1 of oxygen to the 100 of sele- 
nium; but [ consider the result of the first experiment, which 
was on a larger scale, as more entitled to confidence ; especially 
because the other served to enable me to study this method of 
analysis. 

It follows then that selenic acid is a compound of 

Selenium /.....e.0- 71°261.....0«. 100:00 

POSED. a: says wich mabe daa ain Gama is ADL 

100-000 
From experiments, of which I shall give an account below, it 

appears very probable that selenic acid contains two atoms of 
oxygen for one atom of the radical. On this supposition, an 
atom of selenium will weigh 495-91, an atom of oxygen being 
considered as weighing 100. 

I made an experiment to saturate the double acid with sele- 
nium till it ceased to dissolve it even when assisted by heat, and 

/ 
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I think I have ascertained that it is capable of combining with 
three times as much selenium as it contains at first. 1 weighed 
a portion of the saturated compound, and then decomposed it by 
water. I washed and dried the selenium separated by this 
liquid, and its weight exceeded a little three times that of the 
selenium in the portion dissolved by the water; but it. was 
obvious that the whole of the muriatic acid had not been 
removed, as the filter was corroded by it during the drying. If 
this compound be a muriate of the oxide of selenium and not a 
solution of selenium in a muriate, the oxide of selenium which i¢ 
contains should be a compound of two atoms of radical,ahd one 
of oxygen. This is the case likewise with the oxide of sulphur 
supposed to exist in the muriate of the oxide of sulphur (the 
protochloride of sulphur of the new hypothesis respecting the 
nature of muriatic acid). 

Reduction of Selenium to the State of a Combustible.—Selenic 
acid is easily reduced both by the moist and the dry way. A 
solution of selenic acid mixed with muriatic acid produces no 
trace of chlorine, even when heated. If into this solution we 
introduce a piece of zinc or of polished iron, the metal imme- 
diately assumes the colour of copper, and the selenium is, gra- 
dually precipitated in the form of red, or brown, or blackish 
flocks, according as the temperature is more or less elevated, If 
we mix selenic acid with sulphuric acid, the selenium precipi- 
tates more slowly, and contains sulphur. If the selenic acid 
contains arsenic acid, or seleniate of mercury, the selenium is 
still more difficult to be precipitated by zinc or iron. 

‘The most convenient mode of separating selenium from a solu- 
tion is to render the liquid slightly acid, and then to pour into it 
sulphite of ammonia. The uncombined acid disengages the 
sulphurous acid, by the action of which the selenic acid ig 
gradually decomposed. The liquid, at first limpid, assumes 2 
yellow colour, becomes muddy, acquires a fine red colour, and 
after an interval of some hours deposits red flocks in abundance, 
The selenium is not completely precipitated cold, the liquid must 
be boiled for half an hour, during which fresh sulphite of 
ammonia must be occasionally added. The precipitate formed 
by boiling is dark grey, or almost black. If the hquid contain 
nitric acid, the selenium is not completely-precipitated till after 
the whole nitric acid is decomposed by the sulphurous acid. In 
such a case, it is better to add muriatic acid to the liquid, and to 
evaporate till the nitric acid be decomposed, to redissolve in 
water, and then and sulphite of ammonia. 

I have already mentioned that when seleniate of potash is 
heated with muriate of ammonia, selenium is obtained by the 
deoxidizing property of the ammonia; but in this case we 
always lose a small quantity of selenium which comes over with 
the water in the form of an acid ; and if the heat be not conti- 
nued long enough, the upper layer in the retort may contaia 

G2 



100 Berzelius on a new Mineral Body, [Auc. 

selenium not reduced, which will be obtained by heating the 
solution of the residual salts in a retort with sulphurous acid. 
During this reduction, I have always conceived that’ a selenu- 
retted gas was formed which was decomposed by the action of 
the atmospherical air in the receiver, while very thin metallic 
pellicles were deposited on the surface of the distilled water and 
on the glass. It appeared to be seleniuretted hydrogen. The 
quantity of it was inconsiderable. If the seleniate of potash 
contain arsenic, the reduced selenium likewise contains arsenic ; 
and, during. the reduction, a gas is disengaged, which smells’ 
strongly of garlic. 

5. Seleniuretted Hydrogen Gas. 

If we melt together selenium and potassium, and add water to 
the fused mass, it dissolves in the liquid without the disengage- 
ment of any elastic substance. The solution has a deep ale 

colour, and contains hydroseleniuret of potash. If we add 
muriatic acid to it, a great proportion of the selenium precipi- 
tates, and the liquid acquires the smell of sulphuretted hydrogen 
gas, without any effervescence taking place, unless the solution 
be very concentrated. 

If we pour diluted muriatic acid on the seleniuret of potash in 
a small retort, it swells up, becomes red, and a gas is disengaged 
with effervescence. This gas is seleniuretted hydrogen. If we 
pass this gas into water deprived of its air by boiling, it is com- 
pletely dissolved by that liquid. The water acquires no colour ; 
but after some minutes, it becomes slightly opalescent, and 
deposits a little selentum. This phenomenon is to be ascribed to 
a residue of atmospheric air. This solution has an hepatic taste, 
reddens litmus paper, and stains the skin of a brown colour, 
which water is not capable of removing. In the air, this solu- 
tion becomes red at the surface, deposits selenium, and-is 
gradually completely decomposed. Nitric acid added in small 
quantity does not decompose the gas, and I have found that 
after 12 hours, the water still retained the property of precipitat- 
ing the metallic salts. ‘Seleniuretted hydrogen gas makes its 
escape from water with greater difficulty than sulphuretted 
hydrogen. This is the reason why water impreenated with it 
has but a weak smell even when it contais halfits volume of the 
gas. I have not determined the solubility of this gas im water ; 
but it appears much more soluble than sulphuretted hydrogen 

as. 
= Water impregnated with this gas precipitates all the metallic 
solutions, even those of iron and zinc when they are neutral. 
The precipitates are in general black or brown, and assume the 
metallic lustre when rubbed with a polished hematite. The 
precipitates of zinc, manganese, and cerium, however, constitute 
an exception. They have a flesh colour. The brown and black 

" precipitates are metallic seleniurets ; but the red precipitates, at 
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least at first, are hydroseleniurets, which, by the influence of 
atmospherical air, are converted in a short time into seleniurets 
of the oxide, as I shall prove below. ft 

Seleniuretted hydrogen gas is easily decomposed by the action 
of water and air. If the gas comes in contact with a moist 
body, humidity absorbs it, the oxygen of the air decomposes it, 
and the humid body assumes a cinnabar red colour. The sele- 
nium thus deposited penetrates porous bodies, especially organic 
bodies, so as not to be separated from them mechanically. A 
.piece of moist paper becomes red in the interior ; 2 piece of wood 
is penetrated to some distance below the surface ; and atube of 
gum elastic, which had been employed in an experiment to 
conduct the seleniuretted hydrogen gas, had its interior coloured 
entirely of a fine red. ‘ 

This gas produces effects on the trachea and on the organs of 
respiration, which may probably become dangerous. On the 
‘interior of the nose, its effect is to produce at first an odour 
exactly resembling that of sulphuretted hydrogen gas; but 
immediately after a sharp, astringent, painful sensation is per- 
ceived on all those parts which the gas has touched. This 
sensation is very analogous with that which is caused by silico- 
fluoric gas ; but this last gas produces but little effect when 
compared to that of seleniuretted hydrogen. The eyes become 
immediately red and inflamed, and the sense of smelling is quite 
lost. 

{n the first experiment which I made on the odour of this 
gas, I conceive that I let up into my nostrils a bubble of gas 
about the size of a small pea. It deprived me so completely of 
the sense of smell that 1 could apply a bottle of concentrated 
ammonia to the nose without perceiving any odour. After five 
or six hours [ began to recover the sense of smell; but a strong 
rheum continued for about 15 days. 

On another occasion, while preparing this gas, I perceived a 
slight hepatic odour, because the vessel was not quite close; but 
the aperture was very small ; and when I covered it with a drop 
of water, small bubbles were seen to issue about the size of the 
head of a pin. 1 put the apparatus under the chimney of the 
laboratory, not to be incommoded with the gas. I felt at first a 
sharp sensation in the nose, the eyes became red, and symptoms 
of rheum began to appear; but only to an insignificant extent. 
{In half an hour, I was seized with a dry, painful cough, which 
continued for a long time, and which was at last accompanied 
by an expectoration, whose taste was entirely analogous to that 
of the vapours of a boiling solution of corrosive sublimate. 
These symptoms were removed by the application of a blister to 
the breast. The quantity of seleniuretted hydrogen gas, which 
on each:of these occasions acted on the organs of respiration, 
was much smaller than would have been required of any other 
inorganic substance whatever to produce sensible effects. It is 

’ 
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probable that the gas being absorbed by the humidity of. the 
internal membrane, and decomposed by oxygen of the air, the 
selenium formed an injurious incrustation on the living parts, 
which the animal economy endeavours to get rid of. Hence the 
symptoms. 

To determine the composition of seleniuretted hydrogen gas, 
I passed a current of it into a solution of acetate of silver, which 
had been just deprived of air by a long continued boiling. The- 
black precipitate thus obtained, being washed and dried in a 
temperature above that of boiling water, weighed 1-888 gramme. 
I dissolved it in pure nitric acid, and poured the solution while 
boiling hot into a heated mixture of muriatic acid and water. 
The precipitate of muriate of silver being washed, dried, and 
fused, weighed 1:844 gramme, equivalent to 1-389 gr. of silver. 
The seleniuret of silver of consequence contained 0-499 of sele- 
nium ; but 1:389 of silver had lost 0:1028 of oxygen when 
reduced from the state of an oxide. The quantity of hydrogen 
necessary for this reduction is (:01563. This quantity of course 
was combined with the 0°499 of selenium. This quantity of 
selenium would have required 0°2015 of oxygen to be acidified ; 
but this quantity of oxygen is almost exactly twice that which 
the silver had lost. 

It follows that an atom of silver had been combined with two 
atoms of selenium; and as the oxide of silver is supposed to 
contain two atoms of oxygen, these two atoms must have been 
combined with four atoms of hydrogen. Seleniuretted, hydrogen 
gas then is composed of two atoms of hydrogen and one atom of 
selenium. This is both analogous to the composition of sulphu- 
retted hydrogen and of water. 

Seleniuretted hydrogen gas and seleniuret of hydrogen then 
are composed by weight of 

Selenium. ...... S) oY . 495-91 = 1 selenium 
Hydrogen ....,. 2:6 ..,... 13:27 = 2 hydrogen 

100-0 

6. Selenium with Sulphur and Phosphorus. 

Sulphuret of Selenium.—Sulphur and selenium may be mixed 
together while liquid in every proportion, just as is the case with 
sulphur and phosphorus. One per cent. of sulphur in selenium 
renders it more fusible, more red, and more transparent ; but its 
fine ruby colour becomes tarnished. While this mixture remains 
very hot, it is black, opaque, and clammy. While cooling, it 
becomes liquid, dark red, and transparent, and it preserves its 
colour and its transparency after becoming solid. It is well 
known that sulphur likewise is black and clammy at a high 
temperature, and that by lowering the temperature, it becomes 
liquid and transparent. One part of selenium may be mixed 
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very easily with 100 parts of liquid sulphur, and the sulphur 
acquires a dirty-yellow colour. A little sulphur being added to 
the sulphuret of selenium (of which we shall speak immediately) 
does not diminish its transparency ; but renders its colour paler. 
A greater quantity of sulphur destroys the transparency. 

The only method of obtaining a sulphuret of selenium of a 
determinate composition is to precipitate a solution of selenic 
acid by sulphuretted hydrogen gas. The liquid becomes muddy, 
and assumes a fine lemon colour ; but the sulphuret of selenium 
is not easily separated from the liquid. If we add a few drops 
of muriatic acid, it separates more easily ; and when we heat the 
liquid, the precipitate coheres together, forming an elastic mass 
of a deep orange colour.. In this combination, 100 parts of 
selenium are united to 603 parts of sulphur. It contains an 
atom of selenium and two atoms of sulphur. The sulphuret of 
selenium:thus obtained is very fusible. At the temperature of 
boiling water it becomes soft, and the different pieces of it unite 
into one. When heated a few degrees higher, it becomes fluid. 
At astill higher temperature, it boils, and may be distilled over. 
The portion thus distilled, when cold, is transparent, of a red 
orange colour, and resembles melted orpiment. 

Sulphuret of selenium is attacked with difficulty by nitri¢ 
acid. Nitromuriatic acid dissolves it with much greater facility. 
There remains a sulphur of an impure yellow, and sometimes 
spotted-red, which retains a portion of the selenium with much 
obstinacy. At last, the sulphur liquifies in the boiling liquid ; 
and when it becomes yellow on cooling, it contains no more 
selenium. 

Sulphuret of selenium is soluble in the fixed caustic alkalies, 
as well as in the alkaline hydrosulphurets. The solution has a 
very deep orange colour. The acids precipitate from it sulphuret 
of selenium. , 

If we heat this sulphuret in the air till the sulphur catches 
fire, we perceive at first the odour of sulphurous acid, which by 
degrees becomes mixed with that of horseradish, and at last this 
odour prevails. If the air has not free access, selenium likewise 
sublimes. If we heat together selenic acid and sulphuret of 
selenium, the acid oxidizes the sulphur; and I conceive that by 
employing the requisite proportion of each, we may, by .this 
method, deprive selenium entirely of sulphur. 

Phosphuret of Selenium,—-When we let a piece of selenium fall 
on melted phosphorus, the selenium is speedily dissolved, and 
the solution of it sinks in the melted phosphorus in reddish 
striez, which gradually mix with the fused mass, so that selenium 
may be mixed with phosphorus in all proportions, If we saturate 
phosphorus with selenium, we obtain a very fusible compound, 
which, when cold, has a dark-brown colour, much lustre, and a 
vitreous fracture. 

If we digest phosphuret of selenium in water, a small portion 
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of the phosphorus decomposes the water, which becomes impreg- 
nated with seleniuretted hydrogen gas, acquires a hepatic odour, 
becomes muddy, and deposits selenium when left in contact 
with the air. If we boil the phosphorus in a caustic potash ley; 
it dissolves, and the liquid contains phosphate with hydrosele- 
fiuret of potash, and when left exposed to the air lets fall sele- 
nium, just as if it were a pure hydroseleniuret of potash. i 

Seleniuret of Carbon.—I have not examined whether selenium 
and carbon are capable of combining ; but some phenomena 
which take place when the alkaline seleniates are decomposed by 
charcoal at a high temperature lead me to suspect that such a 
combination may exist. We may presume likewise that it ought 
to be analogous to the sulphuret of carbon, and that, like that 
stibstance, it is capable of combining with the saline bases. 

7. Metallic Seleniurets. 

Selenium combines with the metals, and on that occasion 
performs the part of an electronegative substance. With the 
greater number of them, it produces the phenomena of fire, as 
sulphur does, but with less intensity. 

The reason why it does not produce fire with all of them is 
the same as for sulphur; namely, that several of the metals which 
ought theoretically to produce the phenomena of fire with the 
greatest intensity require a much higher temperature to produce 
the combination than the boiling point of selenium. The conse- 
quence is, that the selenium evaporates before the mixture 
acquires a sufficient degree of heat to produce the combination 
with rapidity. This is the case with iron and zinc. 

The seleniurets have mostly the same external characters as 
the corresponding sulphurets. They have in general a metallic 
aspect; they are, with a few exceptions, more fusible than the 
metals which they contain ; and when they are heated to redness 
in the air, the selenium burns slowly with a blue flame, giving: 
out the odour of horseradish. It is much more difficult ‘to sepa-' 
rate the selenium by roasting than the sulphur, because selenium 
has a weaker affinity for oxygen. The metallic seleniurets are: 
soluble in nitric acid, though less easily than the same metals 
without selenium. Some, however, as seleniuret of mercury, 
are scarcely attacked by nitric acid. 

Selenium evidently combines with the metals in definite pro- 
ial nee In this* respeet, selenium corresponds with sulphur. 
hus copper is capable of uniting with two proportions of sele- 

nium, one of which is obtained, when a salt containing peroxide 
of copper is precipitated by seleniuretted hydrogen gas. On 
‘distilling this preeipitate, one half of the selenium 1s volatilized, 
and there remains in the retort a protoseleniuret of copper. This 
compound occurs in nature ‘asa mineral, ‘as I shall have occasion 
to show hereafter. It is well known that this is exactly the case 
with the compounds of sulphur’ and copper. The best way of 
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obtaining metallic seleniurets with fixed proportions is doubtless 
to precipitate metallic solutions with seleniuretted hydrogen gas; 
but we may likewise obtain the protoseleniurets by heating the 
metals with an excess of selenium, and drawing off this excess 
by distillation. 

1. Seleniuret of Potasstum.—Selenium, when heated with 
potassium, combines with it, and occasions a red heat, which 
sublimes a small quantity of the compound. Seleniuret of 
potassium constitutes a metallic button, of the colour of iron, 
which separates easily from the glass, and which has a crystal- 
lized and radiated fracture. It dissolves in water without the 
disengagement of gas. The solution has a deep red colour, 
similar to that of strong beer. The acids precipitate selenium 
from it, because the hydroseleniuret of potash formed by the 
solution has the property of dissolving the excess of selenium 
Dian: and of forming with it a seleniuretted hydroseleniuret of 
otash. 

J If we mix selenium with an excess of potassium, the combina- 
tion takes place with a strong explosion, and the mass is thrown 
out of the vessel by excess of potassium, which is converted 
into vapour by the heat. The compound, when thrown into 
water, is dissolved with the disengagement of hydrogen gas; 
but notwithstanding this circumstance, the liquid assumes a red 
colour. 

2. Seleniuret of Zinc.—It is equally difficult to combine this 
metal with selenium as it is with sulphur. If we heat together 
zinc and selenium in vessels in which the air cannot be received, 
the selenium melts, and spreads itself on the surface of the zinc, 
which becomes, as it were, amalgamated with it. By increasing 
the heat, we cause the selenium to volatilize, leaving the zinc 
covered with a yellow-coloured pellicle. If, on the other hand, 
we bring zinc heated to redness in contact with the vapour of 
selenium, the mass takes fire, explodes, and the inner surface of 
the vessel is covered with a pulverulent substance of a lemon 
colour, which retains its colour when cold. This powder is 
seleniuret of zinc, very analogous to sulphuret of zinc, which, 
when produced in the same way, is a yellowish-grey, non- 
metallic powder. We easily see that the yellow powder is not 
an oxide of zinc, as nitric acid dissolves it with the evolution of 
nitrous gas. In this case, the powder becomes first red by the 
solution of the zinc, and the separation of the selenium, which 
afterwards dissolves in the acid. 

3. Seleniuret of Iron—If we mix iron filings and selenium in 
powder, and heat the mixture to redness, the iron combines on 
the surface with selenium, but without any combustion ; but if we 
put selenium at the bottom of a glass tube, introduce iron filings 
above it, and then heat strongly, the selenium is volatilized, and 
its vapours, passing through the hot iron, combine with it, pro- 
ducing an ignition which continues as long as any selenium is 
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absorbed. ‘The seleniuret of iron does not melt, but it softens 
and becomes agglutinated into a coherent mass, which often 
prevents the vapour of selenium from passing through it. Sele- 
niuret. of iron has a metallic aspect, and a dark grey colour 
bordering on yellow. It is hard, brittle, and has a granular 
texture. When roasted at the flame of a candle, this seleniuret 
gives out a portion of its selenium with the smell of horseradish, 
and is gradually converted into a black fused mass, which, when 
cold, breaks under a blow of the hammer, and exhibits a vitreous 
texture. It seems to be a protoseleniuret of iron. 

Seleniuret of iron dissolves in muriatic acid with the evolution 
of seleniuretted hydrogen gas; and this is the best method of pro- 
curing this gas. The first effect of the acid is to render the liquid 
cinnabar-red and muddy. The acid appears to separate from 
the seleniuret of iron a portion of selenium in red flocks. This, 
however, can only take place by a decomposition of the first 
portion of seleniuretted hydrogen gas, which dissolves im the 
hiquid, and whose hydrogen combines with the oxygen of the 
atmospherical air which it contains. The same phenomenon 
takes place, if, during the development of this gas, the tempera- 
ture diminishes, so as to allow atmospherical air to enter into the 
apparatus. The clear greenish liquid becomes speedily mudd 
by acinnabar-red powder, with which it appears to be entirely filled. 
When seleniuret of iron is dissolved in muriatic acid there 1s 

disengaged likewise another combustible gas, which neither 
dissolves in water nor in caustic alkalies, and which of conse- 
quence remains after the solution of seleniuretted hydrogen gas. 
This gas has a peculiar and very disagreeable odour, which the 
glasses retain for a long time even after being washed. ‘This gas 
produces a black precipitate in a solution of protonitrate of 
mercury. 

Seleniuret of iron in powder combines easily with an excess of 
selenium. This combination is a brownish powder, which does 
not dissolve in muriatic acid, and which, when exposed to a red- 
dish-white heat, loses its excess of selenium. 

4. Seleniuret of Cobalt.—Cobalt absorbs selenium readily, 
and with the production of heat. When the compound is 
heated to redness, it gives out its excess of selenium, melts, and 
gives a metallic mass of a grey colour with a foliated fracture. 

5. Seleniuret of Tin.—Vin and selenium combine with the 
evolution of heat. The tin swells, but does not become liquid. 
The mass is grey, and possesses the metallic brilliancy in a very 
high degree in those parts which were in contact with the glass, 
or which have been rubbed by a polished piece of hematites. 
Seleniuret of tin allows its selenium to escape, when heated, more 
easily than any other seleniuret. The compound does not melt, 
the selenium is volatilized, and the tin remains in the state of an 
oxide. 

(To be continued, ) 
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ArticLe IV. 

A Description of an improved Microscope for opaque Objects. 
By Mr. Hall. (With a Plate.) 

(To Dr. Thomson.) 

BLK, <0 88, Southampton-row, March 31, 1819. 

Havine spent much of my time lately in microscopical pur- 
suits, I have found the usual methods of exhibiting opaque 
objects very defective, in consequence of the want of light and 
the complexity of the instrument, both of which evils I have 
taken great pains to remedy; and, I trust, the following improve- 
ment will be found generally useful, and contribute much to the 
amusement of those who delight in studying the works of nature. 
I, therefore, enclose a drawing and description of the improved 
apparatus. I am, Sir, your most obedient servant, 

Ricuarp Hatu, 

A (Plate XCV) represents the instrument put together ready 
for use ; it is of a tubular form 3+ inches in length, and three 
in diameter, consisting of two lenses at the end * one double 
convex, the other, plane convex, their combined focus being 
equal to the length of the tube. 
B represents a sliding door, with an aperture in its centre, 

moving backwards and forwards by means of a pinion. 
C, a moveable cup, with a scioptic ball and a pair of forceps 

yeh its centre, for the purpose of holding and adjusting the 
object. 
Pit a small hole to observe whether the object be in its nght 
ace. 

P E, a circular piece of brass that screws to the tube, A, having 
a hole in its centre to receive the nut, F, which is also a circular 
piece of brass, of 11 inch in diameter, having three screws ; 
namely, one male, q q, to screw to E; two female screws, one, 
z z, for the speculum, the other, k k, for the compound body. 

Having thus described the several parts of the instrument, I 
have only to say a few words with respect to the method of using 
it. When put together, as at A, it should be screwed to a 
lantern containing an Argand lamp; then the cap, C, is to be 
taken off, and the object placed between the forceps ; upon 
replacing the cap, C, looking through the hole, D, for the pur- 
pose of seeing that the light be thrown upon the object, the 
instrument is then ready for use, and is adjusted to its proper 
focus by turning the pinion @. 

When a deeper speculum is required, it is necessary to 
unscrew E for that purpose. The advantages that this imstru- 
ment possesses over those generally in use may be comprised 
in a few words; viz. it is most simple in its construction, it 
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requires little trouble in using, it exhibits opaque objects in a 
manner superior to any instrument which I nave ever. yet 
mspected, and may be constructed at a considerably less 
expense. 

ARTICLE V. 

femoir on the Quantity of Rain, and the Number of Days 
of Rain, Snow, and Drizzle, at Viviers, during 40 Years 
(hat. 44° 29’ 1” N. Long. 2° 20’ 55” E. from the Meridian 
of Parts, 30 Torses above the Level of the Sea). By M. Flau- 
gergues.* 

THE rain gauge which I employ for measuring the rain water 
that falls consists of a square vessel of tin plate covered with oil 
paint, the opening of which, constituting the mouth, and the 
bottom, are each six inches square. This vessel is placed in the 
town in the middle of a spacious court, on a small stone column 
raised six feet nine inches above the pavement, and not screened 
from the sky in any direction. As soon as the rain has’ceased, 
I measure the water which has fallen into the gauge by pouring 
it into a glass cylinder accurately divided into half cubic inches 
in the following manner: I poured successively into the cylinder 
placed horizontally equal quantities of rain water of the temper- 
ature 10° (50° Fahr.), weighing each 187-25 gr. (153-61 gr. troy), 
which is the weight of half a cubic inch at that temperature.+ 
After every addition, I marked upon a slip of paper, pasted to 
the cylinder, the height of the water. I then numbered these 
fines, and covered the paper with varnish, that it might not be 
removed from the glass by humidity. The interval correspond- 
ing to a cubic inch being more than two lines, it was easy to 
estimate the eighth part of that quantity, which corresponds to 
; lie of height in the rain gauge. It is evident, since the 
surface of the rain gauge is 36 inches, that 36 cubic inches of 
rain collected in it are equivalent to a depth of rain of one inch, 
and three inches collected in the gauge are equivalent to one 
hne of rainin depth. It is according to this ratio that I have 
reduced to inches and lines of height the quantities of rain water 
fallen into the guage and measured in cubic inches. 

With respect to snow, which is merely congealed water, I 
measured the water which it produced, when melted, in a close 
vessel at a moderate heat.[ I took the same method with 
hail. 

* Translated from the Bibliotheque Universelle, viii. 127. The difference 
between the meridian of Paris and of Greenwich is $20” in time. A French toise 
= 16:1344 English inches, . __ ’ 

+ The French half cubic inch is equal 0°60525 English inches; the weight of 
whichat 50° isa very small fraction of a grain less than stated in the text.—T. 

t When'the depth of the snow surpassed six inches, nine lines (the height of my 
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Meteorologists do not appear to me to have taken into their 
account the water which remains attached to the sides of the 
gauge after they have emptied it. To determine its amount, I 
weighed the instrument while dry, I then moistened itin the inside 
with rain water, and after allowing the water to run out, I weighed 
it again. The weight was increased by 87 gr. (the mean of seve- 
ral trials). Now 5/45: 87 :: 1 cubic inch: 0°2323 cubic inch. 
This last is the amount of the rain retained by the gauge, which 
corresponds to 0-0741 line in height, or nearly th of a line. I 
always added this last quantity to all the measures of rain. This 
water, which remains attached to the gauge, ought not to be 
neglected, since in a whole year, supposing 98 days of rain, it 
amounts to more than 7:25 lines. The whole height of the rain 
water which has fallen at Viviers in the course of 40 years; 
namely, between 1777 and 1818, amounts to 113 feet 3 inches 
and 4 lines. This quantity, divided by 40, gives 33 inches 11-8 
lines, for the mean height of the rain which fell each year; and 
this quantity is divided among the months of the year in the 
following manner : 

Inches. Lines, Inches, Lines. 

DOMUATYS i oda o's dws Peng Det | ADL d's aa dom as,<, 10-59 
Bebruary 256/550; 13) 8:40 1 August. .... 00000: 2 417 
Mareb ss). i.0-... 1 LEIS |, September). ....,..... 4 1:68 
| Aid A Se 2. sets} OSTOBET, 4.0008 ss 4 8-89 
May Sees SRDS Pa Ute 2 11-17 | November ........ 4 2:24 

SNE aA Ans wm or it's 2 6°75{ December ........ 2 476 

_ If we took the mean annual quantity of rain for unity, we shall 
find the mean monthly quantity as follows : 

f January sf eprisis weft Stee »» 0:0729 
Winter 0°17984 February. ........000- 0-0502 

\U March snahasey adda oihtolaecds 0:0567 
appt asi achip mys byehe ipothivey 0:0790 

Spring 0-2407 (Re Om pene are es 0:0860 
Lleaen Pies og e 0-0757 

0°4205 

POP EG NNIUD "oh epee 0:0553 
Summer 0:2462 ‘ Aras aera ut 0-0691 

September. ........ -. 01218 
October A. bs O3995 

Winter waa | November. .......... 0:1232 
December. .......... 0:0706 

0:5795 

rain gauge) Idetacheda prism ofsnow, the base of which was a square of six inches 
the side, from the snow which had fallen in the court, and measured the water 
which it yielded when melted, 
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The quantity of rain which falls in autumn and winter isto the 
quantity which falls in spring and summer nearly as 13 to 12; 
and the quantity of rain in winter and spring is to the rain in 
summer and autumn nearly as 7 to 10. 

But this table does not give the exact rate of the rain in each 
month, because the months have not all the same number of 
days ; and on that account, the longest ones ought to exhibit a 
greater quantity of rain; and the shortest, a smaller quantity, than 
that which results from their constitution. We must, therefore, 
reduce the quantity of rain given for each month in the preced- 
ing table to what it would be if each month were equal to the 
12th part of the mean year (365 days 6 hours); that is to say, 
equal each to 30 days 10°5 hours. When this reduction is made, 
the preceding table will be changed into the following one : 

January ...... RRR O76 Dily ai. wc vce pure ay eee Oe 
) 1 a O-O54 1) Arsh. ce o's «3 atpiae 0:0679 
DEANE Ss cnn aecsxs. 0'OD0/ | Neptember,..,¢cce ces 2 0-1236 
PAGEL, os a bis a.syjoec.e cs, UCUS AMOCLODEL, ctoimmininicteia sien” Ur Lane 
ENN cn asd, shataiactahete .». 0°0847 | November .......... 0°1250 
MAE 2 AAG as «60,0. a0 0-0765 | December .......... 0°0693 

From this table, it appears that the months, when arranged 
according to their quantities of rain, beginning with the most 
rainy, assume the following order : 

October, November, September, May, April, June, January, 
December, August, March, July, February. 

The month of May comes nearest to the mean quantity of rain, 
which is 0:0833. Four months are above this quantity, and may, 
therefore, be considered as rainy. Eight months are below it, 
or dry. 
That the order of the rain in a mean year may be the better 

understood, I have expressed it graphically in fig. F (Pl. XCV). 
For this purpose, | took upon the line, M N, the axis of the 
abscisses, 12 equal intervals to represent the 12 months of the 
year. From the middle of each of these intervals, [ have raised 
a perpendicular ordinate, of a length proportional to the numbers 
in the above table, beginning with the month of February, and 
through the extremities of these ordinates I have passed a curve 
line, ABCD E. This curve is very regular, with the exception 
of the ordinate, corresponding to the month of January, which 
is a little too long relatively to the ordinate which corresponds 
to the month of December; an irregularity occasioned by the 
excessive rains which took place in January, 1814; but it would 
doubtless disappear if the observations were continued for some 
ears longer. This curve has two minima and two maxima. 
he first minimum corresponds to the month of February, the, 

second to the month of July. The first maximum corresponds. 
to the month of May, and the second to the month of October. 
The two minima are nearly equal; but the maximum of October 
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is much greater than that of May.. We see from this that the 
minima correspond nearly to the coldest and hottest seasons of 
the year, and. the maxima to the mean temperature of the 
jear.* 
: During the course of these 40 years, the most rainy has been 
1801; in which there fell 48 inches and 1 line of water; and 
there were 14] rainy days. The driest was 1779, in which there 
fell only 20 inches 7+ lines of water, and in which there were 
only 69 rainy days. 

If we add the quantities of rain which fell during every decade 
of these 40 years taken separately, and divide the sum by 10, to 
have the annual mean for each of these four decades of years, 
we shall obtain the following quautities : 

Ba yearn ee ase). ity of rain 
Feet. In. Lines. In. Lines. 

PaaS Loe 2. BE A WO aaetined oly Tae 
WO VOT on at OT OB OM ae awcagol 33 229 
1798—1807 ...... os en 8 SEO amps NT aS 
DAB eed SI. csakious belie |. jcptbl S.y~ -erecvergoe 37. 423 

We see by this table that there is a sensible increase in the 
mean annual quantity of rain as we proceed from 1778, the time 
when these observations began, and especially during the last 
decade. This remark does not accord with the common notion 
that countries covered with wood are the most rainy ; for since 
the beginning of these observations, and especially during the 
last 10 years, the forests have been very much destroyed, not 
only on the territory of Viviers, but over the whole department 
of Ardeche ; and at present there remain only a few inconsider- 
able portions of soil covered with wood. 

The heaviest rain which I have observed is that of Sept. 6, 
1801. It rained during 18 hours without interruption, and 
there fell 13 inches 2+ lines of water. 

During these 40 years, making altogether 14609 days, there 
have been 3921 rainy days, which, in round numbers, amounts 
to 98 rainy days in the year. These 3921 rainy days were 
divided among the four decades as follows : 

Decades, Rainy days. | Decades, Rainy days. y day: Bs 

1778—1787 .......... 830 | 1798—1807 ...,...... 1062 
1788—1797 .......... 947 | 1808—1817 .......... 1082 

And divided among the 12 months of the year as follows : 

* On comparing the observations of the quantity of rain made at different 
places, I think [ perceive that the second maximum is greatest in countries situated 
uear the Mediterranean, and the first maximum greatest in the countries situated - 
lear the ocean, 
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Days. 
January..... b veeeee ceeeiee O46) 

Winter | Fer. bie wiles io 9 616h8 5 isla 
ES ae ee oie ce» Ree 
Aprilits edthisend tia weer oe 0 GR 

Spring 1001 {Way ee a ee eeeeeeoeeee 3385 | 

June eetoeeesese eee es ersees 303 

1942 

July. Oe ee ee iy 999 

Summer 7254 Aust Sic Neh Ie ts eo cles mS 
Neptcraber esse. AIR 2 
Ockeber ery ae stata .. 419 

Autumn.1253 { Novembes Se Ws Sree 433 
DecembeRiasiee ss cewee nes eat 

We see by these tables that the number of rainy days in the 
year at Viviers increases sensibly. That the order of the months 
relative to the number of rainy days is this : November, Octo- 
ber, December, April, January, May, March, June, September, 
February, July, August; that the sum of the rainy days of 
winter and spring is nearly equal to that of the rainy days of 
summer and autumn ; and that the number of rainy days during 
autumn and winter is to the number of rainy days durmg sum- 
mer and spring as nine to seven. 

I have traced from the numbers in the preceding table (follow- 
ing the same method as for the curve of the mean monthly 
quantity of rain), a curve, which may be called the curve of the 
frequency of rain, the ordinates of which are proportional to the 
number of rainy days in each month. This curve, FG HIK 
(fig. F), has two minima and two maxima. ‘The first minimum 
corresponds to the month of February, the first maximum to the 
month of April; the second minimum to the month of August, 
and the second maximum to the month of December. 

I have traced likewise the same curve for all the days of the 
year, taking ordinates proportional to the number of times that 
it has rained on the same day of the year during the 40 years’ 
observations. This curve presents singular irregularities: very 
dry days placed inthe middle of a group of wet days ; and very 
wet days in the midst of a series of dry days, &c. 

During the course of these 40 years, the days of the year on 
which it has rained the oftenest are Oct. 31, on which it rained 
23 times, and Nov. 4, on which it rained 2] times; and the days. 
on which it rained the least are July 7 and 13, on which it 
rained only twice. 

If we divide the total quantity of rain water which. has fallen 
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at Viviers during 40 years; namely, 16312 lines by 3921, the 
number of rainy days during that space of time, we obtain 
4-160 lines for the mean quantity of rain that falls in a day. 
And if we divide the quantities of rain that fell during each 
decade by the number of rainy days in that decade, we shall 
obtain the mean quantity of rain which fell during a day during 
each decade as in the following table: 

Decades of Intensity of diur- Decades of Tntensity of diur- 
years. nal rain, years, nal rain. 

Lines, Lines. 

1778—1787.....+.... 4-499 | 1798—1807 .......... 3°864 
1788—1797.......... 4210 ; 1808—1817.......... 4148 

From this, we may conclude that the intensity of the diurnal 
rain is subject to vary ; for having diminished during the first 
three decades, it has augmented in the last. 

Finally, if we divide the quantities of rain which fell each 
month by the number of rainy days corresponding to that month, 
we shall obtain the mean quantity of diurnal rain during each 
month as in the following table : 

Lines, Lines 

DemWary oe. BAT Fay 8? 2 sets 3°946 
Febroary”. 0.32). eee ety ae aL ee eee te se 5°690 
as Ua ets nS 2-938 | September’... 2.2... 6-647 
Beers e 80% OT HON, Gia |“Serverst. ese cskes he 5°431 
RSE OEE ae 4-199 | November. .......... 4°641 
June ..... FS og ode 4-059 | December. '.......... 2°869 

This table gives the ratio of the intensity of the rain. We see 
that it is greatest in the month of September ; or during that 
month the greatest quantity of rain falls in the shortest time, 
Hence it is during this month, or in October, that the great 
inundations of the torrent of Escoutay take place. This torrent 
flows into the Rhone, about 250 toises to the north of Viviers. 
The most violent of its inundations happened on Sept. 2, 1703, 
when its waters reached the very gates of the city. The lightest 
rains are those of the month of December. 

After a long series of meteorological observations, I find that 
at Viviers the mean number of serene days in the year is 123; 
of cloudy days, 173 ; of days absolutely overcast, 69; of fogey — 
days, 52; of snowy days, 5; of hail, 3; and of thunder, 24. 

ord Charles Cavendish and Dr. Heberden had remarked 
(Phil. Trans. vol. 1xix) that the quantity of rain which falls upon 
the same surface at the top of a building is less than at the 
bottom of it. This fact has just been verified at the Paris obser- 
vatory with two equal vessels placed, the one on the parapet, and 
the other in the comt. The rain collected in the latter vessel 
surpassed considerably what was collected in the former, 

Vou. XIV. N° II. “2 
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To find the cause of this difference, it is sufficient to consider 

that the air is seldom perfectly calm during rain. A wind of 
more or less violence usually blows, which, pushing horizontally 
the drops of rain in their vertical fall, gives them a direction 
inclined to the horizon. Hence it follows that less rain will fall 
into the horizontal opening of the rain gauge when the rain is 
inclined than if it fell vertically or in a direction less inclined. 

Let us suppose that the parallel and inclined lines (fig: G) 
represent the direction in which the drops of rain move ina 
vertical plane, and that the line A B is a section of the rain 
guage in the same place. Let us draw A D perpendicular to 
the direction of the rain, and equal to A B; it is evident that all 
the rain which enters into the rain guage by A B, in consequence 
of its inclined direction, may be intercepted by the part A C€ of 
the line A D which receives it perpendicularly ; but if the rain 
fell vertically into the ram-guage, the part A B would receive as 
much as the line A D receives in the present case ; therefore, 
the quantity of rain which enters into the rain guage when its 
direction is inclined is to the quantity which would enter into 
the same vessel if the rain fell vertically as A C to A D (= AB), 
or in consequence of the right angled triangle, A C B, as the 
sine of the angle, A BC, to radius; that is to say, that the 
quantity of rain which enters into the rain guage is proportional 
to the sine of the angle of inclination of the rain.* 

The rain at the top of the house, or any other part completely 
exposed, experiencing without obstruction the whole action of 
the wind, must assume a direction inclined to the horizon, and 
reach the rain guage placed there in that direction ; but if the 
Tain is screened from the action of the wind by the building, the 
drops gradually losing their inclined direction by the resistance 
of the air must fall into the rain guage placed there vertically, or 
nearly so. Hence more rain must enter a rain guage placed at 
the bottom of a building than into one placed on the parapet, as 
has been observed by the acute philosophers above named. 

This remark may give origin to the question, where the rain 
guage for meteorological purposes should be placed. I answer, 
that the solution of the question depends upon the object in view. 
If we wish to know the quantity of ram which falls upon a 

* Temployed myself formerly in measuring the inclination of rain, at least the 
greatest inclination which took place during a storm, &c. The cliseometer, which 
T contrived for this purpose, consisted in avery thin circular plate of metal, kept in 
a situation exactly horizontal by a long cylindrical support of wood, the axis of 
which passed through the centre of the plate, and which was fixed vertically and 
solidly on a small stone pedestal in a place quite exposed. The wooden support 
was painted red, which became much deeper when moistened. After the rain, I 
measured the length of the part of the wooden support which remained dry, and I 
ealculated this proportion: the difference of the semidiameters of the metallic 
plate and the wooden support is to the length of the part of the support which 
remained dry as radius is to the tangent of the angle of inclination of the rain. 
Further, by the circular extent and the disposition of the moistened part along the 
support, could discover the winds which had blown during the storm. 
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determinate space of ground, we must place the rain guuge in a 
situation completely exposed ; but if we wish to examine the 
phenomena of rain, and determine its intensity, as the incli- 
nation of the rain in consequence of the wind is accidental, 
we must place the rain guage so that its mouth shall be 
perpendicular to the direction of the rain ; but as it is not possible 
to place it so, the inclination of the rain varying continually, we 
must contrive matters so that the rain shall fall into the guage 
in as perpendicular a direction as possible. For this purpose, it 
is convenient to place the gauge in a spacious place surrounded 
with high buildings, which, preventing the rain from being acted 
on by the wind, allow it to assume nearly its primitive vertical 
direction. It appears to me that it is very proper to employ at 
once these two methods, which are capable of furnishing interest- 
ing comparisons. I have, therefore, placed near my observatory 
in a place quite open, a rain guage perfectly. equal, and similar 
to that which is placed in the court of my house, and I have 
begun to register the quantity of rain which is collected by each 
of these instruments. 

Annual Quantity of Rain and rainy Days at Viviers during 40 
Years. 

Number Number 
Years. Quantity of rain.} of rainy Years, |Quantity of rain.! of rainy 

days. days. 
—— 

Inches, Lines. Inches. Lines. 

1778. | 29 llz | 86 |! 1798. | 34° 3 104 
1779. | 20 73 | 69 || 1799. | 28 52 | 109 

1780. | 33 5 74 || 1800. | 46 22 | 110 
TE eS aa Uy | ie 0 a es as 141 
1782. | 28 52 | 78 || 1802. | 30 42 94 
1783. | 34 2: | 96 || 1803. | 25 52 | 101 
ee.) 39° Du 1 Rss Tt TBM IY ae |g 109 
1785. | 33°11: | 74 |} 1805. | 22 3: | 104 
1786. | 33 82 | 114 || 1806. | 40 73 | 118 
1787. | 34 02 | 85 |} 1807..| 31 62 72 
ay86.)") 35 7 90 || 1808. | 43 32 | 110 
1780. | 39 0 98 || 1809. | 38 3 112 
1790. | 37. Os | 96. || 1810. | 44 52 | 109 
91, | 36° 6: | 95° 1 1811. | 37° 253 | 106 
1792. | 42 6 95 || 1812, | 36 1 106 
1793. | 33 lle | 76°} 1813. | 38° lox | 104 
yo4, | 30 33 | 88 | 1814. | 38° 7Ey4 116 
1795. | 21 Og | 81 || 1815. | 30. 652 | 100 
1796. | 30. 61 | 112 || 1816. | 37 10 122 
1797. | 26 8 | 116 || 1817.-| 28 72 | 108 

H 2 
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ArticLte VI. 

Approximate Values of the Radi of Curvature, &c. of the Elhiptic 
Arcs of an oblate Spheroid. By James Adams, Esq. 

(To Dr. Thomson.) 

SIR, Stonehouse, near Plymouth, May 24, 1819. 

Suovuxp the contents of this paper merit a place in the Annals 
of Philosophy, your inserting them therein will much oblige, 

Your humble servant, 
James ADAMS, 

1. Put C H = half the equatorial diameter, C K = half the 

polar axis, S"—S* — 6, or CH:CK::1:1—G, 
f= sh. C= 66s. PUR (radius unity) of latitude...... P, 
M = measure of a meridional devree in’. 2 SU nee 
P = ditto of a degree per. to meridian in......... .. ditto 
L = ditto ofa degree of longitude in .......... eere p QULLO 
m = ditto ofa meridional degree at the ...... se ee es equator 
‘ost ditto of a degree perpendicular to the meridian = rn 

and of a degree of longitude at............ 
v = 57-29, &c. = degrees in a circular arc equal to radius. 
2. In the following conclusions, the terms affected with the 

square and higher powers of e are omitted. 
3. The pages raberrea to are those of the “ Elements of the 

Ellipse,” &¢. printed for Longman and Co. 1818, from whence 
we have - , ' 
1 + 3es* — 2e = radius of curvature corresponding to M, p.81 
T+es =, ditto, dito’ 22 say ses yee oe igh 
c(1 + es°) = CULO, MNO * Scie gomieic b «grab c # gyrmre ga bach eee 
1 — 2e =(1—e)*= ditto, ditto ....0..,.% eps eae cs m, 59 
i=CH == ditto, ditt .,...ececewsecencces pp 40 
lfe= a = ditto at the poles. 

4. From the preceding article, we have 

SS eS So 2 a ia 2 — ) 
aa Tae 1+3es', 5 1 +es*, = c(1 +e"), 

Ley ae 1 + es? ae ge mL, : uF 

Mie seecae nm lL Heed, rind: e)?, ande = 1 7 

5. Therefore M— m= 3ems*,m=- * — = M(1—3es*), | 

P—p=pes, P—-M =2 eM es; L=pc(l+es),p = 
P L 

= ye 
™m 

rE L= peandl:c:: P:L. From hence it 

3 
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appears, that both M — mand P — p vary in a duplicate ratio 
of the sine of latitude nearly, 3 e m and p e being given. 

6. At the poles s = l and c = 0; then from the above expres- 
sions, we deduce M—m=38em,P —p=pe,P=M,m=p 

1 3e (Ee) pa 20.p—m (vt) =m + dead © 
= 0. 

7. An approximate value of e may be found by the following 
proportion ; viz. 1 +3 es? —2e:14+3eS8*§ — Qe: 1 + 
des*:1 +3eS8*%:: M: M’ (Art. 1 and 3) from whence e = 

M —M 
3(M S? — M's?) 
a meridional degree in two given latitudes, the sines of which 
being S and s respectively. 

8. Or an approximate value of e may be found as follows ; by 
Art. 3 we have 1 — 2e + 3es*: 1 + es®:: M: P, or by substi- 
tuting 1 — c? for s*, it will bel —Seck te:l—ect+e:: 
M: P,orl—3ec?: 1 —ec?: M:P, from whence e = 

P—M 
(3 P — M) cos.? lat. 

dional and perpendicular degree in any given latitude. 
By omitting e in the above proportion, the denominator is 

evidently too great, but may be reduced by writing 3 M for 3 P 
(P being greater than M, p. 150 “Elements of the Ellipse”) we 

a nearer than before, but not so 

correct as givenin Art. 7. 
9. By having the measure of a meridional degree at the equa- 

tor and the compression, to find the equatorial diameter and 
polar axis. Put C H for half the equatorial diameter, and C K 

for half the polar axis, then (Art. 3) —_ =o x OK = — 

nearly ; where M‘ and M represent the lengths of 

nearly, M and P being the lengths of a meri- 

shall then have e = 

x CK=v0m.-.CK= >=; but by Art.1,l1—e:1::CK 

:CH; orl—e:1:z——-:CH=—-™ 
l—e° (1 — e)?° 

é C H? CH 1 vm mvp 1 

Beivence am.%\CH = poral gimme Sie OT ae 
~ z (Art. 4 and 9) equal to the radius of curvature at the poles 

(Art. 3). Now if M represent the measure of a degree at the 

poles, then we shall have ft =v M the.M =; z, and e 

=l1- a" By comparing the value of e in Art. 4 with the 

ae aia A sani? ay P above, we have i = °:M =P Jr 

- 11. The quadrantal are of the elliptic meridian is equal to 
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2CH x 3141159, &e. {1 — (¢ + ig SO Py Ke.) 2 a, 

where d = 1 — ( IE CK = semiconjugate and C H = 

semitransverse diameters.—(Mr. Barlow’s Mathematical Tables, 
. 293.) . ; 

: 12. The difference between the squares of the sines of any 
two latitudes equally distant from the latitude of 45° are equal 
to each other. 

Let A, and A + B = D, represent the degrees equally remote 
from 45°, then will sin.? (45° + D) — sin.? (45° + A) = sin? 
(45° — A) — sin.? (45° — D), 

Per trig. sin. (45° + D) = (sin. D + cos. D) sin. 45°, ther. 
sin.? (45° + D) = (sin2 D + cos.t D + 2 sin. D cos. D) sin? 
45° = (1 + 2sin. D cos. D) sin.? 45° = 1 4 sin. D cos. D 
(radius unity). In like manner, sin.2 (45° + A) = 1+ sin. A 
cos. A; ther. sin.? (45° + D) — sin. (45° + A) = sin. D cos. 
D — sin. A cos. A. as 
We also have sin. (45° — A) = (cos. A — sin. A) sin. 459, 

therefore sin? (45° — A) = (sin.2 A + cos.2 A — 2 sin. A cos. 
A) sin.? 45° = (1 — 2 sin. Acos. A) sin.245° = 4 — sin. A cos. 
A. In like,manner, we have sin.? (45° — D) = 1— sn. D 
cos. d; therefore sin.2 (45° — A) — sin’ (45 — D) = sin. d 
cos. D — sin. A cos. A; which shows that sin.2 (45° + D) — 
sin.? (45° + A) = sin.? (45° — A) — sin.? (45° — D). 

13. To find in what latitude the difference between the lengths 
of two contiguous meridional degrees is the greatest. 

Bet A denote the degrees in the required latitude, and m the 
length of a meridional degree at the equator, and e the compres- 
sion; then Art. 5,m41+3esin.2 (A + 1°)? — m(1 + 3esin.? A) 
= dem sin. (A + 1°) — sin.2 A} = max. Orsin.2(A+1°) 
— sins A = max. Per trig. we have sin. (A + 1°) = sin. A 
cos. 1° + cos. A sin. 1° = sin. A + cos. A sin. 1°, the cos. 1° 
being very near unity or radius, hence we have sin.? (A + 1°) 
= sin.2 A + 2 sin. Acos. A sin. 1° + cos.¢ A sin.? 1° = sin. 
A + 2sin. A cos. Asin. 1°, cos.* A sin.? 1° being extremely 
small; therefore sin.2 (A + 1°) — sin.s A = 2 sin. A cos. A 
sin. 1° = max. - Orsin. A x cos. A = max. which is well 
known to be the case when A = 45 degrees, the required 
latitude. 
14. The differences between the lengths of any two contiguous 
meridional degrees equidistant from the latitude of 45° are equal 
to each other. This will readily appear by comparing Art. 12 
and 13 together. . "4 

15. The same properties that have been demonstrated (in Art. 
13 and 14), relative to the meridional degrees, may likewise be 
shown to belong to the degrees perpendicular to the meridian. 

16. If M’, M represent the lengths of any two contiguous 
meridional degrees, and P’, P the lengths of two corresponding 
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degrees perpendicular to the meridian, then will M‘ = 3 (P’ — P) 

+MadP=*—* 
Let S‘, S denote the corresponding latitudes, m the length of 

a meridional degree, p the length of a perpendicular degree at 
the equator, and e the compression ; then (Art. 5) M‘ — M = 
3em(S'* — S$?) and P’ — P = pe(S* — S82), therefore M* 
—M:P'—P::3m:p::3: 1 nearly, or‘M — M = 3(P'—P), 

hence we have M‘ = 3 (P’ — P) + M,and P’ = — + P 

very near. 
17. The preceding equations are nearly the same as given by 

Col. Lambton, in Part II. of the Philcsophical Transactions, for 
the year 1818, from whence most of the following examples are 
taken. , 

Example 1.—Given 60473-53 fathoms for the length of a meri- 
dional degree in latitude 9° N. and 60484-5 fathoms for the 
length of a meridional degree in latitude 12° N. to find the com- 
pression. 

+ P very near. 

4 . 604845 — 60473:53 = 10°97 
OMPFESSION = 37(G0173-3 in.* 12° — 604845 sin» 9) 

Log. 60473'53 ....s..e2.0. = 47815653 
Log. sin.? 12° ..........+. = 2°6357578 

—$—$—$— 

(Art. 7), 

Log. 261471... ev. owcjne we, = 34173231 

Log. 60484°5....,...+. ++. = 47816441 
DOGG. D, ois in sit nicyas eee» = 2:3886648 

Cs .. = 3:1703089 
3 (2614:1 — 1480°16) = 3 x 1133°94 = 3401-82 and the com- 

10-97 1 
Pression = 3791-82 > 3101" 

Example 2.—Given 60484:5 fathoms for the length of a meri- 
dional degree, and 60856-5 fathoms the length of a degree 
perpendicular to the meridian in latitude 12° N. to find the 
compression. 

BEATE 8 Ah 60856°5 — 60484'5 = 372 
Yy 245U, 0, COMPFESSION = S-. 604G45 x con? 12°" 

Log! cos.¢ 12°. 64.0533 wesee = 1-9808088 
Log. 120969 ......:.. caces == 50826741 

Log. J16739°8. a... cs asee, ==, 50634829 

372 1 ‘ 
Therefore ages T Sink for the compression, 

Example 3.—Given in lat. 138° 34’ 44” N. The length of a 
meridional degree 604-91:46 fathoms, and the compression 

2 
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a to find the length of a meridional degree at the equator. 

By Art.5,m = M (1 — 3es*), where M = 60491-46, e = 

jap ands = sin, 13° 34’ 44”, 
Die Sa she Aid etoin(x)o oh geitbieytetere = 0:4771213 

1 i SEAN Ri = 3-5086383 

Sum..... ta eet = 3-9857596 ys 

ale Stan. ye ase, 6 a0 ne heoyr — 2'9928798 

Log. sin. 13° 34’ 44”. ...... = 1:3706684 

Sum considered as a sin. .... = 2°3635482 

Cos. even therewith ........ = 1°9998842 

Wts; Gouble fossa «(as 0 8 ye wee = 1:9997684 
Log. 60491°46. ............ = 47816940 

Sum of tiwo last). i. sieeuies «nce = 4-7814624 

Which. corresponds to the 60459-2 fathoms, the required length 
of a meridional degree at the equator. 

sa and the length of a 

meridional degree at the equator 60459-2 fathoms, to find the 
length ofa degree perpendicular to the meridian at the equator. 

Example 4.—Given the compression 

By Art.6, p= m (=) = 60459:2 x 3. 

TG OMI ees inn’ sinc ante’ (Obs a's = 47814624 
Log. 313... ce cece age seen. = 24955443 
Jog. FbL arcomi ist. oe.% = 3°5072396 

Log. 60848. ...... ees taupe = 47842463 

Therefore 60848 fathoms is the length of a degree perpendicular 
to the meridian at the equator. 

Otherwise, by retaining e*, we have at Art.4 p = Guacos = 

m (310)* _- 96100 m 
(309)? ~ +9548 

TGC do wxnin's ave, o:0 slayn's ¢ .. == 47814624 
Log, 96100.........s.0+000 = ASQ 2a4 
Log. 95481 ar.com........ . = 5-0200830_ 

Moe. GOBBI ns .. = 47842688 
Which differs from the preceding value by 3°] fathoms. 
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By Art. 4, compression e= 1] — /% =l- ee = 

J — -9968 = -0032 = — instead of = This is in a sup- 

position that the length of a degree perpendicular to the meri- 
dian at the equator is 60848 fathoms. 

Example 5.—Given the length of a meridional degree at the 

_ equator 60°459°2 fathoms and the compression —— to find the 310 
equatorial diameter and polar axis. 

vm _ 310 x 57:29 &c. x 60459-2 
By Art.9, CK = -—— = Tt gag eo ieerlialf ‘the 

polar axis. 

MOGs SAD. sister Oa Se aise. ot QAO 9647 
UPS go eo Ene a = }:7581226 
Log. 60459°2......... ooo. = 47814624 

Log. 309 ar.com........... = 3°5100415 

LSE We 7 a) ne ae -» = 6°5409882 

Therefore the polar axis is 6950534 fathoms, differing from Col. 
Lambton’s measure by 358 fathoms. 

vm vm 310 
By Art. 9,C H= TERY. ar Tete x 309° 

Log. —~, as above ........ = 65409882 
27 Ne ORR a eRe pv are acs 24019617 
Log. 309 ar. com. ........4. = 3°5100415 

Roe S46Gb94 2. ook, = 6°5423914 

Therefore the equatorial diameter is 6973028 fathoms, differing 
from Col. Lambton by 360 fathoms. 

Monee welave oe NE according to sees CH ~ 3480514 ~ 30999502" s 
é a—C 22492 I 1 

example 5. ——~ = sarsgag = Fooudss According to Col. Lamb- 

ton. 

Example 6.—Given the equatorial diameter 6973028 fathoms, 
to find the circumference of its corresponding circle. 

‘6, ap Galle Epa hel We = 03010300 
Log. 3486514....... veveese = 6:5423914 
Lon. S141; Se. vi .s'asdee . = 0-4971499 

Log. 21906414 ............ = 73405713 
‘The required circumference differing from Col. Lambton’s by 
1134 fathoms. 

Example 7.—Given the lengths of a meridional and perpendi- 
cular degree at the equator 60459-2 and 60848 fathoms, to find 
the length of a degree at the poles. 
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By Art. 10, M= p \/ =, hence we have 

Lor. G0848 ii. Ie eee wees = 4°7842463 
Oe. GOS AOE es am chsteinlgve'S = 4:°7814624 

; IDiffeTeENnCe fh sens > eueye.c neue ola = 0-0027839 

1 difference. ...... hele’ iste = 00013919 
Log. 60848 wiv eweee deals. = 4:7842463 

Log. 61043°3 ...... Re RY = 4°7856382 

If p had been taken 60851-1, as found by the latter part of 
example 4, instead of 60848, a degree at the poles would be 
61048 fathoms. 

Example 8.—Given the length of a meridional degree at the 

equator 60459°2 fathoms and the compression aa to find the 

length of a meridional degree in latitude 59°. 
By Act. 5, we have M— m= dems. 

ERS aisv's’s be Spvehasanecnwlen WAR Tacs 
1 _ 

Log. 55 +--+: € + 0 eibiaiellais oe = 3°5086383 

ie, OUR Oo2 sae emia a aenles atin = 47814624 

Constant log.......ieeeee ee = 27672220 
Log..sin.? 50°. ....seesee0. = P8661812 

10g. 42988. esse aces an) Se. Shossoae 
m = 60459:2 

M = 60889-08 fathoms the required length. 

In this manner were the lengths of the meridional degrees, as 
given in the table, obtained, which agrees with Col. Lambton’s 
table, calculated to every third degree. 
- Example 9.—Given the length ofa degree perpendicular to thé 
meridian at the equator 60848 fathoms, and the compression 

1, to find the length of a perpendicular degree in lat. 75°. 310? 

By Art. 5, we have. P — p= pes?. 

TiO ES GOSAB 2 Sais wc nle artsseniin « = 47842463 

Loptce cies...’ veseveces = 3°5086383 

Constant log.............. = 2:2928846 

BORIS. VBS cvicivi nag yaaa , = 1:9698876 

Log. 183-13. 6.0, sessseeee = 22627722 
p = 60848-0 

P = 6103113 fathoms the required length. 
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In this manner might the lengths of the perpendicular degrees, 
as given in the table, be calculated, but I have preferred the 
following method : — 

By Art. 16, P’ = ais V+ P, where M — M represent the 

difference between any two contiguous meridional degrees (as 
shown in the table) and P’, P, the lengths of two corresponding 
perpendicular degrees ; therefore, by beginning at the equator, 
or at the poles, the table may be easily formed ; for by example 
4, the length of a perpendicular degree at the equator is given; 
and by example 7, the length of a degree at the poles is known. 

Length of = °* + 60848-0 = 608481 

2 = 2 + 608481 = 60848:3 

ll 0° + 608483 = 60848-6 

12 + 60848-6 = 60849-0 

a. = + 60849:0 = 60849°5 lI 

jas ; + 60849°5 = 60850-2 

and so on. 

The length of a degree corresponding to 3° of latitude by the 
former part of this example is 60848-54 fathoms, and of 6° of lat. 
60850: 14 fathoms. 

Example 10.—Given the equatorial diameter 6973028 and the 
polar axis 6950534 fathoms, to find the length of the elliptic 
quadrant. 

a rn - 

Il 

_ By Mr. Barlow’s tables, p. 292, we have ¢ {1 — (S+am 

+ &c.)} = cllipticmeridian, where 1— 45 = 1 — (1 — 2) 
619 619 == = d, and the log. c = 7-3405713 a1 (2 €) = Gloy ~ 96100 

(example 6). 4 

TOE BN o oe «sv ts oh) OB CUOPOTS 

Log. 2%, ar.com. .... = 1:3979400 

OG ae ae .. = 32069072 Number = -0016103 

BOG, On hehe dee ee. = 04771213 

Log. d* ; .. = 56179344 
Log, 22 x 42 ar. com. = 2:1938200 

—— 

Sg = 62888757 Number = -0000019448 
—— 

0016122448 
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ce x ‘9983577 

1 — -0016122448 = -9983877, therefore 

=c x '2495969 = elliptic quadrant, or, 

Bee. Goce Ain FIN 9. ade de soe S4057 3 

Log. *2495969.....6..00.00 18972391 
oe 

Log. 5467772 fath.......... = 67378104 

Hence we have the length of the elliptic quadrant : 

According to Col. Lambton .......... = picp th ; 
By the table. ............000+e0000- = 5467656 * Fathoms. 

= 5467772 J By example 10. ig BAO Phere us: GC 

If the length of a degree at the poles, as determined by 
example 7, be correct, that is, 61048 fathoms, or 3:7 fathoms 
greater than is shown in the table, it is evident that the sum of 
the meridional degrees is a little too small. 

The Lengths of every Degree computed from the foregoing Data 
from the Equator to the Pole. 

Degrees on Degrees on Degrees on Degrees on 
Lat. the meri-| Diff. |theperpen-} Diff. ||Lat.|the meri-| Diff. |theperpen-| Diff. 

dian, dicular. dian. dicular, 

0 | 60459-2 60848-0 wy Oe forces TO Ce ae 4 | 29 1 | 60459-4 | 95 | 608481 | 9) |] 30] 6o605-5 | go | 60807-0 | 3 
2 | 60459°9 | 9.9 | 608483 | 0.2 || 31 | Gosi4-4 | 9. | 609000 | 3° 
3 | 604608 | 1°) | 6084s | 0° || se | cos23-5 | Oo | 609031 | 3, 
4 | 60462-0 | 16 | 608i9-0 | 04 |! 33 | eoss27 | 9.4 | 609062 | 3.) 
(5 | 604636 | 9'9 | G0840'5 | Or || 34 | GoGI21 | g.5 | 609009 | 5.9 

gies | 3 |e | 84/2) Sets | 83 | gous |e 
g | 604705 | 26 | 6ossi-9 | °°9 |) 37 | eoe7i-1 | gg | 609191 | 3.3 
9 | 60473°5 | 3°) | Gos5e-9 a 38 | 6v681-0 | 9.9 | 609284 | 2° 

10 | 604768 | 22 | 608540 39 | eosg0-g | 0% | 609257 | 33 
11 | 604805 | 37 | Gosss-2 | 12 |! 40 | Gor00-9 | \0° | 6o929-0 | 33 
12 | 6ossa5 | 4° | Gosse-5 | 1°38 |l 41 | 6oris-o | 1°! | eo939-4 | 34 
13 | coiss's | 72 | eoss7-9 | 14 |! 42 | co7eI-2 10-2 | 6035-8 hi: 
14 | 6493-4 | 5°) | 60859-4 | 1"? |] 43 | 60731'3 | jog | 609392 | 3.4) 
15 | 60498-4 | 29 | eosst-1 | 17 I] 44 | 60741°5 | jo.5 | 609426 | 35 
16 | 60503°7 | >°3 | 6086-9 | 1°8 |] 45 | 60751-7 | 10.5 | 609461 | 3 
17 | 605092 | 22 | 608647 I'S |! 46 | 60762-0 ine | 60949°5 | 34 
18 | 605151 | 2°? | eosee-7 | 2 |] 47 | 6o7721 | 75, | 609529 | 2. 
19 | cosvi-e | ©! | goges-7 | 2° || a8 | eozse-3 | 192 | coose-s | 24 
20'} 605276 | ©4 | 6os7o-9 | 22 |}! 49 | 60799:5 | 102 | eoos9-7 | 34 
21 | 603343 | $7 | goszs-1 | 2 |] 50 | oso25 | 10 | 6oss-1 | 374 
22 | 605413 | 7°? | eos75-4 | 2'3 |! 51 | cosie-6 | "9.4 | 609663 | 3.4 
23 | 605485 | 7° | cosr7-s | 2°4 || 52 | gose2-5 | 9.9 | 60969°9 | 33 
24 | 605560 | 7> | cosso-4 | 36 |} 53 | cosse-4 | 97 | 609732 | 33 
25 | 6u563-7 | 1°) | gosss-0 | 2°6 || 54 | sosaz-1 | 9.7 | 609765 | 3'5. 
26 | 60571-6 | 29 | cosss-6 | 2°6 || 55 | ossi-8 | 9, | 609797 | 35 
21 | 60579°8 | 2 | Goses-4 | 3°8 |) 56 | Gosei-3 | 9.4 | 609829 | 3.5 
28 | cosss'1 | 8 | gosore | 5’ | 57 | 6870-7 | 9.5 | 609861 | 34 
29 | 605967 60894-1 58 | 69880-0 | 60989°2 

¥815291°6 17615166 
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Degreeson Degreeson Degreeson Degreeson 
Lat.|:he meri-} Diff. |theperpen-| Ditf. ||Lat.|the meri-| Diff. |theperpen-| Diff. 

dian, dicular, dian, dicular, 

59 | eossa-2 | 32 | 6092-2 | 3°) || 79 | e1023-0 ee | 6lost-1 | fs 
60 | 60898:0 8-8 60995 2 9-9 80 | 61026°6 3-4 61038°3 12 
61 | 609068 85 6099S"! 2-8 81 | 61050:0 2-9 61039+5 1-0 
62 | 609153. 8-4 61000°9 2-9 82 | 61032-9 2-7 61040°5 0-9 
63 | 60923-7 8:1 61003°8 27 83 | 61035°6 23 61041 °4 0-8 
64 | 60931°8 8-0 61006°5 2-7 84 | 61037-9 1-9 61042-2 06 
65 | 60939°8 11 61009°2 2:6 85 | 61039-8 18 610428 06 
66 | 609475 15 61011-8 2-5 86 | 61041'6 rl 61043°4 0-4 
67 | 60955°0 72 61014°3 o-4 87 | 61042-7 0-9 61043°8 0-3 
68 | 60962-2 6-9 61016-7 2-3 88 | 6)043°6 Ob 6!1044-1 0-1 
69 | 60969-1 67 610190 2-9 89 | 610441 0-2 61044-2 Ord 
.70 | 60975°8 65 61021-2 2-9 90 | 61044°3 61044'3 
71 | 60982-3 el 61023°4 A ee pias Sed se 

Rah Gascdis (uk? Poigere’| ee 732442'1 60459°2 
‘ Ff 27°5 AT 

74 | 609998 | >> | 610293 | 18 ip ibe 1 a5 
75 | 6100571 53 61031°1 1:8 1761516°6 2)121503°5 

; ay 1-6 1219227°8 —__— 
76 | 61010°0 wT 61032°7 16 
17 | 610i4-7 | 4.4 | 610343 | 3.5 ; 60751.1 
73 | 61019°0 61035°8 5528408°1 
—-———_|g sum of firstand last degrees,. — 60751°T 

1219227°8 
Length of elliptic quadrant.. = 5467656°4 

Articie VII, 

On the Action of Lime upon Animal and Vegetable Substances. 
By Mrs. Ibbetson. 

SIR, Exmouth, Dec. 9, 1818, 

I RETURN once more to my trench. I have, after three 
months’ trial, again examined the plants that were placed in it ; 
and though many have died in consequence of the extreme heat 
and want of moisture of this uncommonly fine season, yet most 
of those which are indigenous have thrown up shoots. Thus, 
confirming the former results, and again proving the folly of 
digging up weeds and then burying them to make manure, 
which was not produced in my first experiment, by even a three 
years’ trial, though they were covered all that time with earth, 
and placed in the most favourable manner to produce it, if 
manure from decayed weeds could so hastily be procured by this 
means. 

I now proceed to the next experiment, which indeed has fur- 
nished a result so singular and unexpected, that I have not yet 
got the better of my surprise. I mentioned in my first letter my 
mtention of examining the truth of those generally received 
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axioms in agriculture; viz. ‘“ that lime causes the decay of both 
animal and vegetable matter, thus producing constant food for 
fresh plants, and by this means nourishing the earth.” I placed 
a piece of veal cut into slices, last summer, in mild lime, and to 
my great astonishment, it remained five months, two feet under 
ground, without any smell or moisture, being, when discovered, 
perfectly sweet. The lime formed a sort of crust around it, which 
appeared to harden it, and render it impervious to air; and I 
doubt not it would have continued, fresh and in the same condi- 
tion, many months longer, if I had not taken it out. Having 
thus found by experiment, which has repeatedly been confirmed 
by subsequent trials with the same results, that lime, instead of 
destroying animal matters, preserved them, I was inclined to 
draw the same conclusion with respect to vegetables in general. 
In April last, I placed in lime a quantity of mutton, not im slices as 
before, but in one mass, weighing a pound; and in another 
trough, in the same sort of lime, I put a quantity of vegetables, 
weeds as well as boughs of trees, annual and herbaceous plants, 
with some common heaths, with their hard roots. They remained 
nearly five months, and were then taken up for inspection. The 
meat, in spite of the extreme heat from the strong sunshine, to 
which the trough was in some measure exposed (being in a per- 
fectly unshaded garden), remains as fresh as it was the first 
minute it was placed there; but the vegetables were indeed in a 
very different state ; the lime lay on them perfectly loose, not 
coagulating or forming a crust, as on the meat, but most of them 
were not only rotted in the bark, but, in many cases, the wood 
was completely decomposed, and really almost in a state fit to fur- 
nish nutriment for other plants; and I doubt not two months 
more would have reduced them sufficiently for forming new 
combinations suitable to the nourishment of each separate plant. 
There is, however, much difference in the manner of their 
decaying. The oak, the elm, the elder, and the heath, were 
completely decomposed, the wood in a powder, and black; 
while the walnut and hazel nut, which in simple earth were more 
injured than any other sort of trees, were little touched, and cer- 
tainly had not been long dead, since they had thrown out new 
buds, but without any bark to cover them. The plants, however, 
in general were decayed in a very remarkable degree. That the 
simple earth should preserve vegetables so completely as to keep 
them for the most part undecayed, and for the second year so 
thoroughly alive as to throw out fresh buds, and yet in the lime 
they should decay so entirely as to decompose the wood and 
reduce it to a wet powder, when a three years’ trial in earth 
could not even discolour the wood, is a fact not a little curious 
and useful to agriculture. It would seem also very extraordinary, 
and contrary to what we should have previously expected, that 
animal matters can be preserved so perfectly in lime six or eight 
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months, and probably for a far longer period, when most vege- 
tables were consumed completely in half that time. These 
facts will, however, lead us to a few results at present, as well as 
to future trials, and will enable us to explain and reconcile the 
opinion of many excellent agriculturists and chemists. It will 
also show why certain processes have always uniformly agreed 
and been advantageous when pursued. This may be the reason 
why lime so admirably (when enclosed with bog earth where it 
has first to reduce the undecayed vegetable matters, such as the 
limbs of trees and hard roots) decomposes plants so quickly and 
corrects the acid of the more decayed vegetable matter in bogs 

. of older formation. It will also explain how completely possible 

. 

it is in a piece of boggy heath, overrun with the heathy plants, 
to bring the ground into a perfect state of agricultural order and 
beauty in a short time, by the application of repeated quantities 
of lime freshly turned in. As hard as the roots are, a few months 
will, it seems, entirely decompose and reduce them to a black 
powder, which must of course be a fine manure, when lime is 
added to correct the acid, proceeding thence from the decom- 
posed vegetable matter, as that vegetable matter first forms a 
powder and thick black liquid. 

I have now placed the same colleetion of vegetables and 
boughs of trees in another trough to try the experiment once 
more, rendering the lime rather milder; while I am also adding 
another trench, with a mixture of half lime and half earth, to try 
their joint effects on vegetable matter, that I may ascertain 
whether the destruction of the vegetable is caused by the passing 
of quick lime into mild lime, or whether it depends immediately 
on the action of mild lime only on vegetable matter. Sir H. Da 
says, in his admirable work on agriculture, that quick lime only 
improves certain soils, and that in the act of becoming mild ; 
that is, in passing from pure to carbonate, it prepares soluble out 
of insoluble matters. Now the lime that I placed with both the 
animal and vegetable matter was exactly the same, equally slaked, 
and sufficiently so to be in fine powder. It is certain, however, 
that in that state it has not lost all its corroding power ; for if 
water be thrown on it much heat is extricated ; perhaps, by 
having decomposed the wood while in its first and most active 
state it was more easily completed by an after process, though 
no longer possessing any acid property. 
_ But ifit be by its heating or corrodingquality, how comes it that 
it does not aflect the animal as well as vegetable matter? There 
was quite lime enough to surround the plants in the same manner 

_ as the meat, since it lay on the boughs very thick; and though 
the bark immediately decayed, in no one instance did the lime 
collect round the plants, or coagulate around the stem. But to 
answer Sir H. Davy’s question, whether it be the passage from 
quick lime to mild lime that effects the purpose of decomposition 
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of wood, or whether it can be done with a complete carbonate 
of lime divested of all heat, the next trial must decide, as the 
lime has been rendered and reduced to a thorough carbonate. | 
If, therefore, it decomposes the plants now, it must be»by the 
power of the mild lime alone, and not in consequence: of -its 
passage from quick lime to mild lime, as Sir H. Davy conceived, 
and as it was most natural to suppose. 

Dec. 8,—This letter was to have gone to the editor of thé 
Annals of Philosophy, but has been so long delayed, J shall add: 
the conclusion of the experiment, having now taken up my next 
trough, which has completely verified my first trial, that though 
animal manure will be perfectly protected from decay by the lime 
surrounding it, yet it will thoroughly decompose vegetables, ‘nor 
coagulate around them, though ever so much lime may be added 
to the trial. There is certainly in the carbonate of lime a power 
of decomposing vegetables and reducing them to that state in 
which they can again arrange their various ingredients, so that 
each may adapt itself to forming new combinations, becoming 
new matter for the food of plants, since we have traced it toa 
black powder, and then to a sort.of brown liquid. 

[ also put in some plants, half earth and half lime, on vege- 
table matter, to see what effect so contradictory a trial would 
piognee, but it had not yet remained long enough to obtain the 
reswit. 

But the former experiments show the necessity of turning in 
much lime into bog soil, since there is no danger of its plaster- 
ing the vegetable as it does tle animal matters, and coagulating 
around them, which would at once render them inert. But as it 
acts not thus, too much can hardly be given when large portions 
of roots and hard wood are to be decomposed, which is generally 
the case in almost every dark-brown bog. Rich soils require 
not so much, as it would rather injure these ; it is merely the 
acid which wants correcting ; but in all other soils, it should be 
proportioned to the inert vegetable matter the soil contains, and 
be governed by the quantity of calcareous matter already mixed 
with the earth. ' 

In the Mendip Hills the soil, being a very thin surface of gra= 
velly loam ona limestone soil, has received great advantage in @ 
very puzzling way, from being treated with hot lime, such as ‘to 
change the price of land from 4s. to 35s. per acre. Quantities of 
dang were placed on it without effect, till followed by hot lime, 
but after that, it produced astonishing crops: of course the 
anual matters got surrounded with lime, which rendered them 
perfectly inert, till hot lime decomposed the other, and made the 
whole soluble. This also shows why dung and carbonate of lime 
will not do when placed together, as Sir H. Davy declares: the 
reason why magnesian lime acts in general as a poison, instead 
of a manure, is, “ that if there is not much vegetable matter im 
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the soil to supply by its decomposition carbonic acid, the mag- 
nesian limestone will remain long in its caustic state. 

I perfectly agree with Mr. Dinsdale that nothing can be worse 
managed than all this part of farming in many parts of England. 
Farmers should make a sunk place out of the way of the 
house, as the Chinese do, where a large vat should be retained, 
covered with a wooden cover, into which the piggery might. be 
discharged, and all the liquid mixture of the house emptied, and 
mixed with water, and thus thrown on the fields. It is certain 
that liquid goes three times as far as dry manure, and if the 
straw thrownin dirty lanes that makes such poor dung were thrown 
into the vat, it would soon afford double quantities of manure to 
every farmer; but it must be kept out of the way of the house; . 
for I was myself a witness to a whole family being carried off by 
having a place for fattening hogs close to their house ; but a vat 
may be managed with a degree of cleanliness that can be pro- 
ductive of no evil. When [ take up my next trench, I shall 
continue the subject, and [hope totry the effect also of magnesian 
lime, and whether every species of animal manure is preserved. 

I am, Sir, &c. &c. 
AcNEs IBBETSON. 

Articie VIII. 

On the indigenous Plants in the North of England. 
By Mr. Winch. 

(To Dr. Thomson.) 

SIR, Newcastle-upon-Tyne, Dec. 21, 1818. 

Dvurine the course of the present year you admitted into the 
llth volume of the Annals of Philosophy the first and second 
part of a tract on the distribution of plants through the northern 
counties of England ; may | hope the remarks now transmitted 
will meet an equally favourable reception. Some meteorological 
observations should have been comprised in this paper, but I 
have not as yet ascertained in a satisfactory manner the temper- 
ature of the springs of water that issue into our deepest mines— 
a fact too interesting in an inquiry on subjects depending in a 
considerable degree on the mean temperature of the earth, as 
well as of the atmosphere, to be passed over in silence. These 
shall be communicated at a future opportunity. 

_ Seven. different species of fruit-trees ripen their fruit in the 
southern countries, which seldom or never do so in this latitude ; 
these are the vine, the fig, the quince, the medlar, the walnut, 
the chestnut, and the mulberry. This may be ascribed in some 
measure to the prevalence of cold easterly winds during the 
spring months destroying the blossoms; to the low temper- 
ature of our autumns, which prevents the young wood from 
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hardening and’ maturing the buds enveloping the flowers. in 
embryo; but more especially to the want of a continuance of 
sufficient heat during the summer to bring the fruit to perfection 
which occasionally is formed; for all these trees withstand the 
winter frosts tolerably well in sheltered situations. The vine 
seldom flowers; and if by chance small grapes are produced} 
they soon drop off. The fig is seldom seen out of the hot-house, 
and is always barren. The quince and medlar flower freely ; 
but their fruit never ripen ; and the same observation holds good 
with regard to the walnut and chestnut: even the filbert bears 
very sparingly. The mulberry is here a low stunted tree ; but 
im favourable summers bears. abundance of small fruit, which 
partly ripen, and are well flavoured. 

On traversing the wild and extensive moors of Durham, Cum- 
berland, and the south of Northumberland, an interesting pheno- 
menon presents itself in numerous places. There the surface has 
been cast into equal ridges by the plough, though the land is 
now covered by heath ; and agriculture has formerly flourished 
in-situations so elevated as to preclude the possibility of obtain- 
ing corn crops from them at the present day. Record and 
tradition are alike silent respecting the era when, and the people 
by whom, these districts were subjected to tillage; nor has any 
probable conjecture been started to throw light on this curious 
subject. The most considerable elevation above the level of the 
sea at which wheat is now cultivated does not exceed 1000 feet. 
Oats grow at nearly double that height; but in unfavourable 
years, the sheaves may frequently be seen standing among the 
snow, which not uncommonly covers the tops of the mountains 
m October, and is never later in falling than the middle of 
November. Thestations of barley and rye are between those of 
the wheat and oats, but big, a more hardy grain than either 
of the former, is no longer cultivated. 

Turnips, but ofa small size, and potatoes, grow at the same 
height as oats; and these moors, when newly broken up, yield 
a good crop of rape. On the soil being turned over for the first 
time, and lime applied, these lands produce white clover (trifoliuam 
repens) in abundance—a circumstance in no way satisfactorily 
‘accounted for, but which is known to take place on wastes bot 
in Britain and North America (see Pursh’s Flora Americana, 
ii. 477), and probably in most other temperate regions. The 
white or opium poppy, which is cultivated on a large scale in 
Flanders, and the tobacco, which is to be met with in most parts of 
Sweden, are here known only as ornaments to the flower garden. 

The plants which seem designed by nature to bind the loose 
sands of the sea shore in the north of Europe by their creeping 
roots, or rather stolones, are the means of forming low round- 
topped hills, called links, along a considerable part of these 
eoasts. Those whose localities are confined to the beach are 
triticum Joliaceum, the sea-wheat grass, arundo arenaria, sea- 
mat grass ; elymus arenarius, sand lyme grass; festuca glauca, 
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sea-green fesque grass; carex arenaria, sea sedge, and occa- 
sionally eryngium maritimum, sea eryngo, and juncus maritimus, 
sea-rush ; but to them may be added the following auxiliaries 
which are’ by no means exclusively the productions of the sea- 
shore: triticum repens, couch-grass; galium yerum, ladies’ 
bed-straw; ononis repens, rest harrow; rosa spinosissima, 
burnet leaved, or Scotch rose, with some composite, and a few 
other plants. The sea buck-thorn, hippophae rhamnoides, is 
unknown here; nor are dactylis stricta, upright cocks-foot grass, 
panicum dactylon, creeping panic grass, or Juncus acutus, great 
sharp sea-rush, all abounding on the shores of the mediterranean, 
to be met with; and the rare northern sedge, carex incurva, is 
also a stranger. 
Though observations on organic remains may appear out of 

place among minutes mtended to illustrate the geography of 
plants ; yet it may not be amiss to remark that not one of the 
vegetables which haye left impressions on our coal, &c. are 
known to exist at the present day. The casts which frequently 
occur in this coal field are those of the trunks of large trees 
imbedded in sand-stone, and mineralized by silex ; but to what 
species they belonged, it is impossible even to conjecture, as no 
impressions of leaves remain: short thick stems resembling 
those of the genus euphorbia, mineralized by sandstone with 
iron pyrites, and coal-marks of ferns, lke osmunda regalis, 
filex mas, blechnum boreale, gigantic reeds, rushes, cones, and 
a@ moss approaching to fontinalis antipyritica in shale; _fire- 
clay, sandstone, and especially in ironstone nodules. When 

- erect, the euphorbie, reeds, &c. retain their proper shapes, but 
are always compressed when found in a horizontal position. 

Plants indigenous in England in Lat. 54-30, 55:30 North, arranged 
~ according to Jussieu’s Method in natural Classes and Familes. 

- First Class.—-Acotyledones. Second Class--Monoeotyle- 
dones. 
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P Third Class.— Dicotyledones. 19291 
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First class, acotyledones........ TO) ,5% apt Se 1160 
Second class, monocotyledones.. 13 .......-. 242 
Third class, dicotyledones. ...... 51 ......05 774 

74 2176 

I have the honour to be, Sir, 
Your obedient humble servant, 

N. 1. Wincn. 

ArTICLE IX. 

ANALYSES oF Books. 

An Account of the History and Present State of Galvanism. 
By John Bostock, M.D. F.RS. London, 1818. 

GALVANISM constitutes the most splendid addition which the 
physical sciences have received since the commencement of the 

re 
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present century. For the first 12 years of that century, it was 
cultivated with indefatigable industry in almost every country of 
Europe. The result was a most important augmentation of 
chemical facts and the development of a new agent of almost 
unlimited power by which chemical decompositions might be 
brought about. Some addition has also been made to our elec- 
trical knowledge, though this department, as indeed might have 
been anticipated, has neither received so important nor so bril- 
liant an increase as the chemical. The harvest has been already 
in some measure reaped ; and the most active of the labourers 
have in a great measure left the field. A pause has ensued in 
the progress of galvanic discovery. The facts require classifica- 
tion and generalization. Whoever shall succeed in introducing 
a striking improvement in the theory will in all probability occa- 
sion a new stimulus to the activity of experimentalists, and give 
rise to the discovery of a new series of important facts. 

At such a season as the present, a clear and candid history of 
alvanism cannot but be of considerable value. It will save the 
uture theorist considerable trouble, by laying the facts before 
him within a short compass, and by pointing out the sources 
whence the requisite information on every branch of the subject 
may be obtained. The work before us deserves great praise as 
an historical sketch. It is written with much perspicuity, 
with unimpeachable candour; the accuracy where papers are 
referred to, written in the English or French language, is faultless, 
but the account of papers which have been published only in the 
German language is much less complete. Several very import- 
ant papers are not noticed at all; and it is pretty obvious that 
the author has not had an opportunity of perusing others in the 
original language, but that he has been obliged to satisfy himself 
with the imperfect and garbled extracts which have occasionally 
appeared in the French periodical works. I allude particularly 
to the papers of Ritter, one of the most active experimenters, 
and, perhaps, the most bulky writer on galvanism that has 
hitherto appeared. He was a man of real genius, of the most 

- extraordinary activity of mind, and the most unbounded ambi- 
tion. This, together with his extreme youth, for he died at the 
age of 34, was the cause of the different extravagant doctrines 
which he from time to time advanced, and the inaccurate experi- 
ments by which these opinions were supported. Had he lived to 
a more mature age, he would have shaken off all these absurdi- 
ties, and appeared in a light more befitting his genius and his 
industry ; but with all these defects, his services. were. uncom- 
monly great, and galvanism is indebted to him for a great deal 
which has been ascribed to subsequent writers. For this injus- 
tice, Ritter has in some measure to thank the obscurity of his 
writings and that mystical metaphysics with which they are 
interspersed. If any person who has studied Ritter’s writings. 
were to give us a simple statement of his experiments and 
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opinions, stripped of the slang which every where obscures them, 
he would confer no small favour on the reputation of Ritter, and — 
even upon the philosophical reputation of oniihtiy itself. Prof. 
GErsted, of Copenhagen, is another writer, whose works our 
author obviously has not seen. His theory bears a certain 
analogy with that of Berzelius ; but it is by no means the same 
with his. Berzelius has descended into much more minute par- 
ticulars than CErsted, who has given his theory in very general 
terms indeed. It would be easy to show that Berzelius’s doctrine 
is not consistent with the theory of electricity as it is at present 
admitted, at least in this country; but I am not aware that the 
same objection lies against the theory of CErsted. Indeed the 
present state of the doctrine ofheat must, I should think, satisfy 
every thinking person that the present theory cannot be much 
longer defended. The connexion between electricity and heat 
is so obvious that, I conceive, whatever overturns the theory of 
heat to be equally fatal to that of electricity. But this is not the 
lace for such discussions. 
Our author has divided his work into two parts. In the first, 

he gives a history of the new galvanic investigations in the order 
of their discovery, dividing the whole history into three eras ; 
viz. 1. The experiments made before the discovery of the pile. 
2. The experiments from the discovery of the pile to the decom- 
position of the alkalies. 3.The history of the decomposition of 
the alkalies and earths. 

1. It was to an accidental observation made in Galvani’s 
dissecting room, as is universally known, that galvanism owes 
its origi. These observations, however, might have been made 
without drawing the attention which they deserved, had it not 
been for the speculations of Galvani respecting the nervous fluid, 
his attempt to support these speculations by his experiments on 
frogs, and the discussion which ensued between him and Volta 
respecting the cause of the convulsions into which in these 
experiments the limbs of the frogs were thrown. For almost 100 
years before, Du Verney had made the very same observation, 
which attracted the attention of Galvani, yet it did not lead to 
the discovery of galvanism. Du Verney’s observation being 
curious, and not generally known, I shall transcribe the account 
of it as I find itin the Histoire de Academie Royal des Sciences 
for 1700 (p. 40). “ fl a fait voir sur une Grenouille fraichement 
morte, qu’en prenent dans le ventre de l’animal les nerfs qui vont 
aux Cuisses et aux jambes, et en les irritant un pou avec le scalpel, 
ces parties fremissent, et souffrent une espéce de convulsion. 
Ensuite il a coupé ces mémes nerfs dans le ventre, et les tenant 
un peu tendus avec la main, il leur a fait faire le méme effet par 
le méme mouvement du scalpel. Si la Grenouille étoit plus 
vieille morte, cela n’arriveroit pomt. Apparemment 11 restoit 
encore dans ces nerfs des liqueurs, dont l’ondulation causoit le 
fremissement des parties ou ils repondoient, et par consequent 
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tes nerfs ne seroient que des tuyaux, dont tout l’effet dependroit 
de 1a liqueur qu’ils contiennent.” 

After givimg a concise account of Galvani’s experiments and 
speculations, our author notices the publications of Valli and 
Fowler, the paper of Dr. Wells, the experiments of Humboldt, 
the letters and theories of Volta, and the paper of Fabroni, of- 
Florence. Galvani ascribed the phenomena to the nervous 
fluid, Volta to common electricity, and Fabroni to the chemical 
action of the substances employed upon each other. 

2. Volta ascribed the galvanic phenomena to the electrical 
action of the two metals upon each other. Bennet and Cavallo 
had shown that certain metals, when placed in contact, and then 
separated from each other, are found in different states of electri- 
city ; the one plus, and the other minus. Volta conceived that 
the evolution of electricity in galvanic experiments was owing 
to this law. The zinc Eee became plus, and the silver or 
copper plate minus. e conceived that by increasing the 
number of plates with a liquid conductor between each pair, the 
electricity might be increased at pleasure, and the ‘effects 
accordingly made as conspicuous as could be desired. This 
fortunate idea gave rise to the Voltaic pile, which was found by 
the inventor capable of giving shocks, and of producing more 
violent convulsions than a single pair of plates could do. 

Volta’s description of the galvanic pile was published in the 
Phil. Trans. for 1800. Messrs. Nicholson and Carlisle were 
the first to try the properties of this new instrument. They 
speedily discovered that it possessed the power of decomposing 
water, that the oxygen was evolved from the wire attached to 
the zinc end of the pile, which they found to be the positive 
wire; while the hydrogen was evolved from the wire attached 
to the copper end of the pile, or the negative wire. 

Mr. Cruickshanks, of Woolwich, substituted the trough for the 
original pile of Volta. This was found a much more convenient 
modification of the apparatus than the original contrivance of 
Volta. It has, therefore, taken its place, and been gradually 
improved into the state in which it is at present employed. 
Cruickshanks observed several of the decompositions produced 
by the Voltaic trough, and ascertained the laws of these decom- 
ositions. These decompositions were earried still further by 
enry, and particularly by Davy. 
Cruickshanks observed that liquids destitute of oxygen are 

incapable of transmitting the galvanic energy, while it is trans- 
mitted in his opinion by every liquid that contains that 
principle. Col. Haldane found that the apparatus ceased 
to act when plunged in water, or when placed in the vacuum of 
an air-pump. Azotic gas had the same effect as a vacuum; 
while oxygen gas made it act more powerfully. From these 
facts, and from a series of experiments by Dr. Wollaston, it wae 

7 
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concluded that the energy of the pile depends upon the chemical 
action between the liquid. conductor and the metals. This 
liquid must be such as to be capable of oxidizing and dissolving 
one of the metals ; while it-is incapable of acting upon the other. 
The galvanic energy continues as long as the oxidizement of the 
metal; but when this oxidizement is at an end, the energy like- 
wise ceases to produce any sensible effect. Dr. Wollaston even 
went so far as to infer, that the evolution of electricity in the 
common electrical machine depends upon the oxidizement of the 

_ amalgam attached to the rubber, and this oxidizement he consi- 
dered as originating from the oxygen of the surrounding atmo- 
sphere. Accordingly he found that the electrical machine lost 
its energy when inclosed within the exhausted receiver of an’ 
air-pump; but when the Rev. Mr. Wollaston, at that time 
Professor of Chemistry at Cambridge, repeated this experiment, 
the result was different. 

It would appear from the present state of our knowledge that 
the essence of the galvanic battery is a series of metallic plates 
so placed that one side is oxidized and dissolved by a liquid, 
while the other side of each plate is completely screened trom 
the action of the liquid. The plates must all be connected with 
each other by means of conductors of electricity. The only use 
of the copper plates in the battery seems to be to protect one 
side of the zinc plates from the chemical action of the liquid. 
In what way it produces this effect is not very obvious, though 
the fact is undoubted. If we were to adopt the notion of Ber- 
zelius, and, I believe, of Davy, that chemical affinity and the: 
electric forces are merely different names for the same thing, 
we might be able to form some notion how the effect is brought 
about ; though not without adopting a theory of electric action 
very different from the one hitherto adopted. Let us suppose 
that dilute nitric acid is essentially negatively electric. In that 
case it will act only on bodies which possess positive electricity, 
and its action will be most powerful the greater the intensity of 
the positive electricity in the substance on which it acts. Now it 
appears from the experiments of Bennet, Cavallo, and Volta, 
that when a plate of zinc ts laid upon a plate of copper, if the 
two plates be separated, we find the zinc in a plus, and the copper 
in a minus electric state. If the zinc by this contact becomes 
decidedly positive, and the copper decidedly negative, then it 
follows that the diluted nitric acid will act with energy upon the 
zinc, and not at all upon the copper. 

Sir H. Davy’s pile, composed of one metal and two liquids, 
one of which acted on the metal, while the other did not, shows 
very. obviously that two metals are merely necessary in the 
galvanic battery in order to screen the one side. of the most 
easily oxidizable metal from being acted on; while the action 
goes. on freely on the other side. The sulphuret in Sir Hi 
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Davy’s pile served merely the purpose of screening one-side of 
the zinc, while the other side was freely exposed to the action 
of the nitric acid: 

Trommsdorf’s discovery of the efficacy of large metallic plates 
in. producing combustion was the next step in the improvement 
ofthe apparatus. This discovery was verified by Fourcroy, 
Thenard, and Vauquelin. These gentlemen found that the elec-: 
trical action of the battery was not increased by the increase of 
the'size of the plates, but by the mcrease of the number of pairs ; 
but the chemical action, as far as combustion is concerned, and* 
as far as the decomposition of those bodies which are not ve 
difficult: of decomposition, is increased with the size of the plates. 

3. ‘But the most important addition made to our knowledge of 
galvanic: decomposition is contained in a paper written by Hisin- 
er and Berzelius, and published in the first volume of Gehlen’s 
ournal, in 1803. They ascertained by a copious induction that 

when bodies are decomposed by galvanism, oxygen and acids are 
accumulated round the positive pole; while hydrogen, alkalies, 
earths, and metals, are accumulated round the negative pole. Sir 
H. Davy verified this law of Berzelius with much sagacity, in a 
paper which constitutes one of the finest examples of experi- 
mental investigation any where to be met with. He showed that 
the acid and the alkali, which were affirmed to be formed when 
water was decomposed by galvanism, and to accumulate round 
the positive and negative wires, respectively owed their origin 
to the decomposition of some common salt found either in the 
water or in the vessel in which the water was kept; and that 
when perfectly pure water is used, and vessels quite free from all 
contamination of salt, the water is decomposed without the 
evolution or formation of any thing, except oxygen and hydrogen. 
Davy, after verifying Berzelius’s discovery, and tracing the way 
in which the decomposed constituents penetrate to the respective 
poles; went a step further. In his opinion, every body in nature 
possesses a certain permanent electric state. Their affinity 
for each other depends upon this state. If they be in the same 
state, they have no affinity for each other; if they be in opposite 
states, they have an affinity, and this affinity is the greater the 
more intensely opposite the electrical states of the two bodies 
are. If, therefore, we wish to decompose a compound, we have 
only to bring its constituents to the same electric state, they 
will in consequence of this separate of themselves. Now galva- 
nism affords us this means. We have only to put it in practice 
and it) will enable us to decompose compounds, the constituents 
of »which are so intimately combined as to have resisted all 
former efforts to separate them. This theory was applied with 
the-happiest success by Davy to the decomposition of the fixed 
alkalies, and even of the alkaline earths. Boracic acid was 
afterwards decomposed by Gay-Lussac and Thenard ; and suffi- 
cientevidence was brought by Davy, Berzelius,and Stromeyer, that 
silica is a compound of oxygen, and a combustible basis. Such 
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is a sketch of the splendid chemical discoveries to which the 
galvanic battery gave occasion, and: for which we are almost 
entirely indebted to the sagacity and industry of Sir H. Davy. 

Our author terminates his historical sketch with De Luc’s 
discovery of the galvanic column, and with the facts which Mr. 
Children was enabled to ascertain by his experiments with his 
magnificent battery, composed of pairs of plates, each six feet in. 
length. 

The theory of the galvanic battery has hardly kept pace with 
the discoveries which have originated from its use. Three 
different theories have been proposed. 1. That the galvanic pile 
is entirely electrical. 2. That it is entirely chemical. 3. That 
the electricity produces the phenomena, but is itself evolved by 
the chemical action. The first of these theories was broached 
by Volta, the second by Donovan, the third by Wollaston, but 
developed by Dr. Bostock. Our author considers the last of 
these theories as the true one, though he admits that the subject 
requires further investigation. 

_ As it has been ascertained by unequivocal experiments that 
the galvanic pile never acts unless when one of the metals com- 
posing it is oxidized, and that its energy only continues as long 
as the oxidizing process is going on, it seems evidently to 
follow that Volta’s theory is imperfect, unless it be maintaimed 
that a current of electricity cannot exist without occasioning 
chemical decompositions, of which at present we have no 
evidence. 

The most cursory attention to the galvanic pile is sufficient to 
demonstrate that it never acts except the circle be completed ; 
that is, unless there be a current of electricity. This seems 
sufficient to set aside Donovan’s theory, unless he can show that 
a current of chemical affinity is precisely analogous to a current 
of electricity. 

It cannot then, I think, be doubted, that both chemical decom- 
positions and a current of electricity are necessary to constitute 
the galvanic pile; but noone has hitherto succeeded in showing, 
in a satisfactory manner, how the chemical decompositions evolye 
the electricity, nor how the two sets of conductors, constituting 
the galvanic pile, occasion a current of electricity in one direc- 
tion, even supposing its evolution to be taken for granted; or to 
be supposed accounted for by the observations of Mr. Cuthbert- 
son. Dr. Bostock’s hypothesis, that the current is occasioned 
by the combination of the electricity with hydrogen, cannot be 
maintained; for when dilute nitric acid is employed to fill the 
cells of a galvanic battery, it is not hydrogen that.is evolved at 
the copper aioe but nitrous gas, as | have very often observed. 
Upon the whole, a satisfactory theory of galvanism is still want- 
ing. The present little work will be exceedingly useful to any 
person who shall hereafter undertake to supply this desideratum 
in science, "It is, therefore, a performance for- which men’ of 
science are under obligations to the author, 

eh sae 
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ARTICLE X, 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

June 10.—A paper, by Capt. H. Kater, was begun, entitled 
« An Account of Experiments for determining the Length of the 
Pendulum vibrating Seconds at the principal Stations of the 
trigonometrical Survey.” 

June 17.—Capt. Kater’s paper was continued. 
June 24.—Capt. Kater’s paper was concluded. Whe author 

commenced by noticing the reasons which induced him to under- 
take the experiments forming the object of his present report ; 
and afterwards proceeded to describe the apparatus employed. 
The operations at each station were then minutely detailed, the 
results stated at length, and illustrated by numerous tables. 

For the latitude of London, the length of the pendulum vibrat- 
ing seconds on the scale forming the basis of the trigonometrical 
survey was stated to be 

39: 13722 inches. 
For the latitude of Unst. ......... -e. 39°16939 

Portsoy. ot... oe 6. 09 15952 
Leith-fort.).. ova 3<- 39°15347 
RPUCODL ss ws wine «.a.5% 39°14393 
Arbury Hill: ...... 39°14043 
Shanklin Farm .... 39°13407 

The calculations of the latitude of each of these stations was 
then given at length. The latitude of Arbury Hill, which has 
been supposed to be erroneous, was found by Capt K. to be 
correct. The whole was concluded with some observations on 
the figure of the earth 

It appeared from this interesting report, to which it is impos- 
sible to do justice by merely hearing it read, that, excepting the 
allowance for the height above the level of the sea, the error in 
the vibrations of the seconds pendulum at any particular station 
did not amount to =4,th of a vibration, which is about equal to the 
400,000 part of the length, consequently that the amount of the 
alten could be determined to this degree of accuracy. 
ow this is so near as to indicate the different degrees of density 

of the materials constituting the substrata of the different stations 
ina country selected for experiment. Hence Capt. K. concluded 
that minute differences in density, indicated by the pendulum, 
are often to be referred to irregularities of attraction: thus the 
sudden increase of gravitation at Arbury Hill was supposed by 
the author to be produced by the granite existing in Mount 
Sorrel, in Leicestershire. 

Capt. Kater stated that he had learned with pleasure, that 
M. Biot’s results (the details of which are not yet published), 
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with respect to the acceleration of the pendulum between 
London and Unst, agreed with his own to within0:6”, 

July 1.—A paper was read, on the causes which influence the 
direction of the magnetic needle, by Capt. J. Burney, R.N. The 
author, after relating a variety of interesting experiments, 
appeared to conclude that the compass is governed partly by 
polarity, which he considers as created by motion, and the pri- 
mary cause of the needle’s pointing north and south, and partly 
by attraction which is inherent in matter ; the former of which is 
constant, the latter variable. The author attempted to explain 
on these principles why the needle is most liable to be disturbed 
in high latitudes by attraction, the obliquity of the plane of 
the earth’s rotatory motion to the horizon being here greater, and’ 
thus the polarity of the needle from this cause being diminished. 

At this meeting also a paper was read, by Arthur Jacob, M.D. 
of Dublin, giving an account of a new membrane discovered in 
the eye. The author described a delicate transparent membrane 
covering the external surface of the retina, and united to it by 
cellular substance. The paper was concluded by pointing out 
the best method of detecting and examining it. 

The titles of the two following papers were also read, which, 
from the nature of the subjects, did not admit of being read in 
detail. 

‘*‘ On the Theory of Capillary Attraction,” by J. Ivory, Esq. 
«On a new Method of solving Numerical Equations of all 

Orders by continuous Approximation,” by W. G. Horner, Esq. 
The Society adjourned till November. 

GEOLOGICAL SOCIETY. 

March 19.—A paper was read from George Cumberland, Esq. 
on some new varieties of encrini and pentacrini. , 
A communication was received from the Rev. Richard Hen- 

nah “ On the Calcareous Rocks of Plymouth, containing Re- 
marks connected with, and illustrative of, their natural History.” 

April 2.—The reading of Mr. Hennah’s paper, on the Plymouth 
limestone, was concluded. a 

This bed rests generally on clay slate, and rises about 100 
feet above high water mark; it runs nearly east and west for 
several miles, and dips towards the south or south-west; its 
breadth is from a quarter to half a mile. 
Westward it does not appear much below Mount Edgecumbe; 

eastward the author supposes it to approach Dartmouth. 
The character of the bed near Plymouth is various in colour, 

considerably compact, and contaiming many organic remains, 
chiefly, madripores, tubipores, millepores, trochites, pentacri- . 
nites, vertebral columns, corallites, varieties of bivalve and. 
univalve shells, but seldom found together on the same part of 
the bed. Varieties of calcareous stalactites and of crystallized 
carbonate of lime have also been found. 

a ae ae 
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A paper was read from the Hon. W. I. H. I. Strangways, on 
the strata in the brook Pulcova, near the village of Great Pulcova. 

The Pulcova is a small stream which passes with a number of 
angular sweeps through a deep ravine, the sides of which exhibit 
a very singular disposition of their strata, which it is the object 
of this paper to describe. 

In the upper part of the valley, we find only blue clay covered 
by the alluvium ; as we descend, we meet with limestone lying 
conformably above the clay, and afterwards portions of a green 
or dark coloured clay, which rise up between the blue clay and 
the limestone, the strata being much contorted, and dipping in 
various directions. The green clay is interstratified with thin 
seams of a whitish sand, so as to produce a striped appearance 
in its sections. In some parts these alternations of green and 
white sand rise up like the summit of a rounded hillock ; in other 
parts they are perpendicular, and occasionally they are twisted 
in the most irregular manner. The beds of limestone also vary 
much in their direction ; sometimes they are nearly perpendi- 
cular; they dip in opposite directions in different parts, and they 
suffer various contortions. Fora considerable space the three 
strata, during all their contortions, are conformable to each 
other; but we afterwards arrive at a spot where the limestone is 
but slightly inclined, and seems to abut abruptly against the beds 
of clay, which are here nearly vertical. The position of the 
limestone in relation to that of the green clay is, however, ren- 
dered somewhat doubtful, in consequence of the tendency which 
the former rock has to divide itself into cubical fragments, which 
renders the actual direction of the strata somewhat uncertain. 
Some portions of the limestone consist of a number of strata, 
which are variously coloured; and in consequence of its 
tendency to divide into cubical fragments in certain parts 
presents the appearance of a beautiful tesselated pavement. The 
paper was accompanied by a map, and a number of illustrative 
drawings. 

An abstract of a letter from Dr. Nugent, of Antigua, to the 
President, was read, accompanying some specimens of the 
Barbuda limestone, and containing some remarks on the geology 
of that island, and of Antigua. : 

Dr, Nugent describes Barbuda as consisting of a hard, level, 
limestone, with scarcely any vegetable mould upon it, a good 
deal of brush wood and copse growing in the crevices, and 
being altogether about 20 miles long, and 13 or 14 broad. The 
limestone is supposed to be of the same formation with that of 
Antigua. The fossils in the Barbuda rock at first view appear 
to be recent, but this idea is inconsistent with the connexion 
between the Barbuda limestone and that of Antigua in which so 
ef siliceous fossils occur. 

The author rémarks that the more mountainous parts of 
Antigua consist of trap rocks, on which rests a series of strati- 
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fied conglomerate rocks, consisting of a clayey basis, containing 
minute crystals of felspar and spots of chlorite. On this reposes 
an, extensive limestone formation, the lower part of which, as 
well as the conglomerate rock, contains a great number of sili- 
cified fossils of various kinds. These islands, and some others 
in the vicinity, are conceived to afferd evidence of the existence 
of a recent formation, contemporaneous with, or, perhaps, even 
later than the Paris basin. ' 

A paper was also read from Mr. Thomas Webster, “ On the 
Geological Situation of the Reigate Fire-Stone, and. of the 
Fuller’s Earth at Nutfield.” 

Mr. Webster conceives that the geological position of the 
Reigate fire-stone had not been hitherto precisely determined by 
actual observations, From alate examination of the quarnies, 
he considers it as situated immediately below the grey chalk, 
which is the same bed as the chalk marl; and from its minera- 
logical characters, together with the circumstance of its contain- 
ing layers of chert and of hard limestone or Kentish rag, he 
concludes that it is identical with the green sandstone of the 
Isle of Wight, and other places, but containing rather less than 
the usual proportion of green earth. The fuller’s earth at Nutfield 
is covered by a capping of the green sand formation, and reposes 
upon the ferruginous sand. 

ArTIcLe XI. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 
CONNECTED WITH SCIENCE. : 

I. Method of obtaining Nickel in a State of perfect Purity and 
Malleabitity. In a Letter to Dr. Thomson from E. D. Clarke, 
LL.D. Professor of Mineralogy in the University of Cam- 
bridge, &c. 

SIR, 
When the late Professor Tennant prepared for the commence- 

ment of his first course of chemical lectures in this University, 
he wished to exhibit nickel in a state of perfect purity ; and for 
this purpose undertook a series of experiments with the nickel of 
commerce ; all of which failed in affording the result he sought 
to obtain. Some of our chemists here were present at those 
experiments, and one of them mentioning the circumstance to 
me, I conceived that it might be possible to effect a complete 
purification of the nickel by means of the gas blow-pipe ; although 
m my first experiments with this metal, using the same instru- 
ment, as it was stated in the account I then published,* the 

* See Annals. of Philosophy for March, 1817, p. 2003 also Annals, Vili. 362, 
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regulus was always brittle. By adopting a different method, I 
have at last succeeded’; and as a description of the process in 
which this was effected will add one more amusing experiment 
to those which have already taken place with the gas blow-pipe, 
and enable every one of your chemical readers to obtain nickel 
in a state of perfect purity and malleability, without the smallest 
difficulty, I will now relate it as briefly as possible. 

Having dissolved the brittle regu/us, sold under the name of 
nickel by Mr. Knight, of Foster-lane, London, in highly concen- 
trated nitric acid, and afterwards evaporated almost all the acid, 
leaving only a smal] residue of the solution, in its concentrated 
state, for crystallization, I obtained hard green crystals of the 
nitrate of nickel. Then placing some of these crystals within a 
cavity scooped in a stick of charcoal, I exposed them to the 
flame of the gas blow-pipe. Presently the whole of the nitrate 
upon the charcoal became liquid as water, and in this state, being 
still carefully supported and exposed to the flame of the gas 
blow-pipe, all moisture was driven off; a dry crust remaining 
upon the charcoal, which, by further exposure to the flame, 
became a dark slag. This being now removed, and placed in 
another charcoal crucible, as before, and again exposed to the 
flame of the gas blow-pipe, ran together in a state of fusion, and 
was held boiling until it ultimately appeared in the form of 
2 metallic bead, with a very tarnished surface. When it 
became cold, it was highly magnetic; and upon being cut 
with a file, it exhibited-the whiteness of silver. It was then 
beat out upon an anvil by violent shocks of.a large hammer, 
being perfectly malleable. Wishing to extend the surface of it, 
and tearing to lose it from the anvil, Professor Cumming, who 
examined it, placed it within one of Mr. Anight’s beautiful steel 
mortars, in which it was compressed into a circular lamina. 
Ths [have sent to you for your examination. I have also 
added another result of fusion before the gas blow-pipe, which is 
also worthy of your notice. It is, perhaps, a similar result to 
that exhibited by wood-tin after fusion; of which you before 
published an account; namely, a crystal of titanium oxide ; 
which, in the part fused, not only exhibits a considerable degree 
of metallic lustre without being cut by a file ; but, if you will 
examine the melted surface with a powerful lens, you will 
erceive traces of that dendritic crystallization by which metals 

in cooling are often characterized. However, as I suspect, 
from its’ retaining its metallic appearance unaltered (which 
is ahout equal to that exhibited by se/entum), that it is stillin the 
state of an oxide, | request that you will haye the goodness to 
settle this point. It owes nothing of its metallic aspect to any 
contact with carbon during fusion ; not haying been placed upon 
charcoal, but being exposed per se to the action of the gas blow. 
pipe. Lremain, &c. &c. 

Cambridge, Fune2\, 1819. Epwarp Daniet CLARKE, 
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*,* The specimen of nickel, as far as I could judge from its 
appearance, was pure. It had the colour, and texture, and 
malleability, and magnetic properties of pure nickel. I did not 
consider myself as wartanited to apply any chemical test, as I had 
the specimen to return ; but Dr. Clarke can easily satisfy him- 
self of its purity by the following method: Nitric acid will readily 
dissolve it, and form a grass green solution. Ammonia will 
throw down nothing from it if the nickel be pure. A drop of 
russiate of potash will throw down a milk-white precipitate. 
his precipitate will be reddish if copper be present: in the 

nickel, while it will have a shade of green if the nickel be alloyed 
with cobalt. . 

The specimen of titanium, alluded to by Dr. Clarke, is still in 
the state of an oxide. The colour of this metal is red. Its 
oxide does not seem capable of being reduced per se by heat. I 
have seen specimens of the oxide of titanium melted before ; 
one which Dr. Clarke sent me some years ago, and another 
which was melted by a powerful galvanic battery, ] believe Mr. 
Children’s. ‘The present specimen is precisely similar to the two 
former ones, neither of which was reduced, as I ascertained by 
experiment.—T. 

Il. On the Method of procuring pure Nickel. 

If Mr. Tennant failed in obtaining pure nickel by the method 
at which Dr. Clarke hints in the preceding letter, the reason 
must have been, I conceive, that he was not in possession of a 
furnace in which he could raise a heat sufficiently strong to melt 
the metal; for I have myself obtained pure nickel by this way 
several times ; and I have seen it obtained also by Dr. Wollaston 
in the same way. It is to him indeed that I am indebted for the 
idea of the process. Perhaps a short account of the method 
which I follow may be of some use to those who wish to procure 
metallic nickel in a state of sufficient purity. 

I take a quantity of the brittle reddish alloy, well known in 
commerce by the name of speiss. This alloy is chiefly an arse- 
niuret of nickel; though it probably contains also occasionally 
at least several other metals. Upon the speiss reduced to a 
coarse powder, I pour a quantity of dilute sulphuric acid, place 
the mixture in a Wedgewood evaporating dish upon a sand-bath, 
and add the requisite quantity of nitric acid at intervals to enable 
the acid to act upon the speiss. By this process, I obtain a 
deep grass-green liquid, while a considerable quantity of arse- 
nious acid remains undissolved. The green liquid is carefully 
decanted off the arsenious acid, and evaporated on the sand-bath 
till it is sufficiently concentrated to yield crystals. It is then 
set aside in a cool place. A deposit of beautiful crystals of 
sulphate of nickel is obtained. By concentrating the liquid still 
further, more crystals of sulphate of nickel fall; but after a 
certain time, the liquid, though its colour continues still a dark 

_ ae 



\ 

1819.] Scientific Intelligence. 145 

im refuses to yield any more crystals of sulphate of nickel. 
y evaporating it to the requisite consistency, and then setting 

it aside, a very abundant deposit-is made of an apple-green salt, 
which adheres very firmly to the evaporating dish. I took this 
matter at first, from its colour, to be arseniate of nickel ; but I 
found it on examination to be a double salt, consisting of sulphate 
of nickel and arseniate of nickel united together. I endeavoured 
to get rid of the arsenic acid by dissolving the salt in water and 
causing a current of sulphuretted hydrogen gas to pass through 
it as long as any precipitate appeared. - By this method I threw 
down a great deal of arsenic; but on filtermg and evaporating 
the liquor, it was still converted into an apple-green matter, and 
of course contained arsenic. I found that when this salt was 
disSolved in water, the liquid became opaque, owing to a quan- 
tity of arsenious acid which separated from the salt. The liquid 
being now filtered to get rid of the arsenious acid, and properly 
evaporated, yielded a new crop of crystals of sulphate of nickel. 
These crystals continued to be deposited as long as a single drop 
of the liquid remained unevaporated. 

By this method may the whole of the nickel in the speiss be 
obtaimed in the state of sulphate of nickel. This sulphate is 
quite free from arsenic or arsenious acids ; for the presence of 
these acids prevents sulphate of nickel from crystallizing. But 
for greater security, I dissolve the sulphate of nickel in water, 
and crystallize a second time. yy 

The pure sulphate of nickel thus obtained is dissolved in water, 
and decomposed by carbonate of soda. The carbonate of nickel, 
when well washed and dried, is a light-green coloured powder. 
I make it up into balls with a little oil; enclose these balls in a 
charcoal crucible, which is put into a hessian crucible, the 
mouth of which is covered and luted. It is now exposed to 
the greatest heat that I can raise in a melting furnace for two 
hours. By this process, I have always obtained a button of pure 
nickel in the metallic state. 

The nickel thus obtained is hard, but malleable, and very 
obedient to the magnet. I think it contains a certain propor- 
tion of carbon in combination with the nickel. The button is 
usually strrounded with a thin dark shining cuticle, which I take 
to be a carburet of nickel. 

III. Acetate of Ammonia. 

It does not appear that chemists have hitherto hit upon a 
method of obtaining this salt in crystals; at least I find no 
traces of any such method in the latest chemical works which I 
have seen, nor indeed any addition to the facts known respecting 
this salt more than 30 years ago. I conceive, therefore, that it 
will be acceptable to practical chemists to be put in possession 
ofa method of crystallizing this salt with as much facility as any 

Vor. XIV. N° II. K 
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other salt whatever. The following is the method which has 
constantly succeeded with me. 

Take any quantity of strong acetic acid (what I used contained 
about 35 per cent. of pure acid), put it into a tall cylindrical glass 
vessel, and throw into it dry carbonate of ammonia in powder 
till it ceases to effervesce, and is saturated with the ammonia. 
Put the clear liquor thus obtained, which is a concentrated solu- 
tion of acetate of ammonia in water, into a Wedgewood evapo- 
rating dish, and enclose it in the exhausted receiver of an 
air-pump a few inches above the surface of a flat glass dish, 
containing a quantity of concentrated sulphuric acid. In two 
or three days, the excess of water will be evaporated, and the 
acetate of ammonia will be found crystallized in long needles, 
not unlike the appearance of nitrate of ammonia. The salt tastes 
slightly of acetic acid ; but hardly reddens litmus paper. 

This method would probably answer for crystallizing citrate 
of ammonia and some other salts, which do not yield crystals. 
in the common way without considerable difficulty. 

IV. Urine of the Sow. 
The urine of this animal has been subjected to an analysis by 

M. Lassaigne. 
It is transparent, slightly yellow, without smell, and having a 

disagreeable but not a saline taste. 
Lime-water occasions a slight precipitate of carbonate of lime. 
Nitrate of barytes and nitrate of silver indicate the presence of 

sulphuric and muriatic acids. 
Potash occasions no precipitate ; but disengages ammonia. 
Oxalate of ammonia occasions a slight white precipitate. 
Infusion of nut-galls throws down yellow flocks. 
The following were the substances extracted from this urine 

by M. Lassaigne : 

1. Urea. 
2. Muriate of ammonia. 
3. Muriate of potash. 
4. Muriate of soda. 
5. Sulphate of potash. 
6. A little sulphate of soda. 
7. A trace of sulphate and carbonate of lime. . 

(Jour. de Pharm. April, 1819, p. 174.)- 

V. Gum Bassora. 

This is a species of gum, or rather of cerasin, well known in. * 
France, and other parts of continental Europe, though unknown 
in Great Britain, at least by that name. It comes, as the name 
imports, from Persia, and is said to be produced in the sandy 
plains of Arabia from different species of Mesembryanthemum, — 
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plants which delight to veeetate in a thirsty soil. M. Damart 
informs us that the ‘cactus tuna, and other species of cactus 
which vegetate in a similar soil in South America, produces 
a gum of exactly the same properties with the gum of Bassora. 
—(Jour. de Pharmacie, Ibid. p. 184.) 

VI. Sulphate of Lime. . 

Some chemists have lately recommended the following method 
of determining the quantity of lime in mineral waters: Throw 
down the lime by oxalate of ammonia; wash the precipitate, 
and dry it; expose it to a red heat in a platinum crucible, which 
will convert it into carbonate of lime; pour an excess of sulphurie 
acid over this-carbonate, evaporate to dryness, and expose the 
dry mass toared heat. It will now be sulphate of lime. Weigh 
it = 31825 
m5 3-625 

This method may, perhaps, answer when the lime amounts 
only to a grain or two; but if its quantity amounts to 40 or 50 
grains, or probably even to 15 or 20 grains, it is not possible to 
combine the whole of it with sulphuric acid by a single process. 
Hence the lime, when estimated in this way, will always be 
below the truth. 

The simplest way to estimate the quantity of lime in oxalate 
of lime is to expose the dry oxalate to a white heat in a platinum 
crucible. By this process, it is converted into quick lime, and 
nothing more is necessary than to weigh it m order to determine 
its quantity. If an experimenter has not the means of producing 
a sufficiently high temperature to reduce the oxalate to quick- 
lime, he may proceed in the following way: Expose the oxalate 
of lime to a red heat ; dissolve the carbonate of lime thus obtained 
in muriatic acid ; add to the solution a quantity of liquid sulphate 
of ammonia sufficient to decompose the whole muriate of lime 
formed ; evaporate to dryness; and keep the saline mass for 
half an hour in ared heat. Itis now pure sulphate oflime, from 
which the quantity of lime may be determined. 

of the weight indicates the lime. 

VII. Zircon. ; 

This mineral has been analyzed by Klaproth and Vauquelin, 
and found by both of these chemists to be a compound of silica 
and zirconia with a small portion of oxide of iron. Neither of 
them noticed the presence of any alumina. I find, however, 
that alumina is a constant ingredient. I analyzed a quantity of 
crystallized zircons last winter by fusing them with thrice their 
weight of potash, and treating the fused mass in the usual 
manner. After separating the zirconia, I dissolved that earth 
in sulphuric acid, and concentrated the solution, after adding to 
it a certain quantity of sulphate of potash. This mass, which 
was not quite liquid, but contained a mixture of sulphate of 
zirconia in the state of a white powder, being set aside for some 
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148 Scientific Intelligence. [Aue. 

weeks, deposited a considerable number of regular crystals of 
alum. This process was tried more than once with fresh por- 
tions of zircon, and alum crystals were constantly-obtained. Ae 
may conclude then that the zirconia, as obtained by Klaproth 
and Vauquelin, was not in a state of purity; but mixed with a 
certain proportion of alumina. I have succeeded in separating 
the alumina by the above-described method ; but I find it much 
more diffieult to separate the iron completely ; because almost 
all the precipitants of oxide of iron precipitate also zirconia. 
Concentrating the sulphate of zirconia till that salt falls down in 
the state of a white powder, and then decomposing that powder 
by means of an alkali, succeeds ; but not without a loss of the 
zirconia. . 

VIII. Cast-Iron rendered Malleable. 

The Societé d’Encouragement in France has for more than 
14 years offered a prize for the discovery of a method of render- 
ing cast-iron malleable, and fit for being converted into the usual 
kitchen utensils, such as kettles, stewpans, &c. usually made of 
copper. On September 3, 1818, this prize was voted to 
MM. Baradelle and Déodor, after an examination of the speci- 
mens presented by M. Beauchet, Director of Mines, and the 
Mayor of Loulans. The cast-iron is cast into the utensil 
required. It is then subjected to a particular process, which 
gives it the requisite degree of malleability. The pieces resisted 
not only blows which fractured common cast-iron, but even falls 
from a height of 10 feet upon the pavement. A fall of 20 or 30 
feet upon a stone broke them. These utensils are turned on the 
lathe, and filed as easily as tin. The fracture was steel-grained. 
Nails and keys made of this cast-iron answered perfectly.— 
(Bibl. Universelle, March, 1819, p. 213.) 

I have little doubt that the discovery of MM. Baradelle and 
Déodor is nothing else than that of making our soft cast-iron. 
It has long been used for all the purposes mentioned above ; it 
has the jem of steel, and is much less brittle than white cast- 
iron, the kind usually made on the Continent. I have seen keys, 
and even razors and surgeon’s instruments, made at Sheffield, of 
this cast-iron, which looked well, and sold at a very low price; 
but were good for nothing as cutting instruments.—T. 

IX. On an Aluminous Chalybeate Spring on the Coast of Sussex. 
_ By Mr. Cooper. 

(To Dr, Thomson.) 
DEAR SIR, 89, Strand, July, 1819. 

I was requested to examine a bottle of water which was 
brought me from the coast of Sussex, between Newhaven and 
Rottingdean ; and although the quantity I had was small (being 
only about a wine quart), yet there was sufficient to ascertain its 
general nature and characters, without regarding the quantities 
of its component parts. . 



1819.] Scientific Intelligence. 149 
The spring is situated, as I understand, about midway between Newhaven and Rottingdean, at an elevation of about 15 or 16 feet above the level of the sea at high water mark. It issues from between the clifts or fissures of the chalk in small streams, and these, when united, pour forth about 20 to 25 gallons in the hour, the chalk about the place is every where tinged with ochrous deposit. Its temperature, as it issues, is 65° Fahr. and remains constantly the same. When I received it, there was a deposit of brownish colour; which proved on examination to be oxide of iron. Its specific gravity, at the temperature of 60° Fahr. was 1-076; it is slightly acidulous, changing the colour of litmus paper both before and after boiling, by which opera- tion it deposits a further portion of oxide of iron, and also a little lime. Reagents show it to contain the following substances in solution : 

Oxide ofiron. - Lime. 
Alumina. Carbonic acid. 
Muriatic acid. Soda. 
Sulphuric acid. 

This last substance I will not be quite certain of; but I expect shortly to be able to make a more perfect analysis, and to give a better account of its situation, which is of some im ortance, as I expect it is not far distant from the spot where the native alumina or subsulphate is found, I remain, dear Sir, 
Very sincerely, yours, 

Joun Tuomas Cooper. 
X. Vindication of the Description of the horizontal Moon given by Dr. Clarke in his Travels, 

(To Dr, Thomson.) 
SIR, 

- _ A correspondent, who signs himself S. in the number of your Annals for June, has called upon Dr. E. D. Clarke to explain a passage in his travels which appears to him to involve an impos sibility. It is that in which a description is given of the appear- ance of the horizontal moon; as observed on the road from Tornea to Kiemi. The moon appearing to be of an oval form is there said to have been observed as if it had been surrounded b a luminous belt, like that of the planet Saturn. This deceptio vistis Dr. Clarke attributes to the accidental position of a body of clouds ; which he Says were “ collected in the form of a ring around the moon.” Having used this word Sorm, one would think all ambiguity was thereby done away ; as the description evidently refers to an appearance and not to a reality ; but your correspondent believing an actual belt to be ih ded: gravely undertakes to prove its impossibility; and this surely is too ludicrous to merit any further notice, X. 
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XI. Lake Ourmia, or Urumea, in Persia. 

This small inland sea, or lake (called likewise the lake of 
Shahee by some authors), is situated in the province of Azerbijan, 
in Persia, south-west of Tabreez, and at no great distance from 
the volcanic region of Mount Ararat. This lake is thus described 
by Kinneir, in his Geographical Memoirs of the Persian Empire: 
“The lake Urumea, generally believed to be the Spanto_ of 
Strabo and Marcianus of Ptolemy, is 80 fursungs, or, according 
to my computation, 300 miles in circumference. The water is 
more salt than that of the sea, no fish can live in it, and it emits 
a disagreeable sulphureous smell. The surface is not, however, 
as has been stated, incrusted with salt ; at least it was not so in 
the month of July when I saw it ; on the contrary, the water was 
as pellucid as that of the clearest rivulet.” 
A small quantity of the water of this lake was sent by the 

unfortunate traveller Brown, a short time before his death, to 
the late Mr. Tennant, which has recently been submitted to 
analysis by Dr. Marcet. The following are the results : 

Its specific gravity was 1165-07 ; 500 gr. yielded the following 
quantities of precipitates by the different reagents mentioned. 

Grains. 

Nitrate of silver. ...... 237°5 of muriate of silver. 
Nitrate of barytes. .... 66:0 of sulp. of barytes. 
Oxalate of ammonia ... 00:0 of oxalate of lime. 
Phosphate of soda ant 10-5 ib triple phosphate of magnesia 
carbonate ofammonia and ammonia. 

Muriate of platina indicated a trace of potash. 

Hence this quantity contained, 
Grains, 

CDIOTINE. “0'...°0. 4.0 5.00 nseayn seis 4SbrisBye\* 0, 0,0 2 nnle «ore, DOGG 
Sulphuricacid ......... winitiascliin isin dn pcanehes siniauslaniall 22°37 
LA Es Pere ee Se OrOM 
Magnesia 4°2, or magnesium. ..... osgamt siete . 2°52 
Sodium (by estimation) saturating the chlorine. .... 34:00 
Soda (by estimation) saturating the sulph.acid..... 17°89 

7 135°34 

Or supposing these ingredients to exist in the state of binary 
compounds : 

@liloritte'bf sou ss ces wc ows cee sheen 
Chloride of magnesium. .... in Sa os 1 je 82 
Sulphate of boda, . ....essseceeeess 40:26 

135°34 

Hence this water contains upwards of one fourth of its weight 
of saline contents, a quantity greater than that of any other 
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similar water known, except the water of the Dead Sea, analyzed 
by Dr. Marcet some years ago, which contains even a greater 
proportion of saline contents. . 

It may be proper to observe, that there is a, little discrepancy 
in the results obtained, 500 gr. of the water being estimated, from 
other experiments, to yield, when evaporated to dryness, only 
111-5 gr. of salts. This difference is probably partly to be 
referred to the different degrees of desiccation employed, and 
ey to the smallness of the quantities operated upon, Dr. M. 
aving originally possessed only between 200 and 300 gr. of the 

water.—(Abstracted from a paper entitled “ On the Specific 
Gravity and Temperature of Sea Waters in different Parts of the 
Ocean, andin particular Seas, with some Account of their saline 
Contents,” by Alex. Marcet, M.D. F.R.S. Xe.) 

XII. Temperature of June. 
The temperature of the month of June, 1819, was uncommonly 

low at Glasgow. The oats made very little progress during the 
whole of the month ; for they were nearly as far advanced at the 
end of May as in the beginning of July. The only warm days 
were June 17 and 18, the temperature of which was_as follows : 

THERMOMETER. 

Lowest, Highest. 

anne te tee VOR, ME? A a tn ioade ha OO 
BG Baa ee hotee DOT ae, Ae 70°00 

Mean. ....... COS. MOOI IOOL Fan TORTS 
Mean of bot) i (ius eon 62°375 

During the rest of the month, the thermometer seldom was 
higher than 60° or 62°, and seldom lower than 50° or 48°. The 
mean for the month was as follows : 

Lowest. Highest. Mean of both, 

49-27 eeeeeseeeoeve 62°43 eeeoeoeae sevens 55°85 

This is at least 7° below the usual mean of the month of June. 
The wind veered very much ; but blew nine-tenths of the month 
from the south-west. 

The barometer was on the whole high; the mean for the 
month, between the hours of 12 and 2 o’clock, the height of the 
mercury being reduced to what it would have been Supposing 
its temperature to have been always 32°, was as follows : 

29°7107 inches 

at a height of about 100 feet above the level of the sea. 
The month was rather wet, though not remarkably so. There 

were five days during which it rained the greatest part of the day; 
and there were 15 other days upon which showers fell ; So that 
there were only 12 days of the month quite free from rain, 
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It would be interesting to know, if this cold weather has been 
general, or ifit has been confined to Scotland. 

XIII. Singular Effect of Peruvian Bark. 

A French merchant, called M. Delpech, who possessed a rich 
house at Guayra, the port of the Caraccas, had stored up in 
1806 a very considerable quantity of cinchona, newly collected. 
This bark filled several apartments upon the ground-floor.. There 
prevailed at that time in Caraccas a fever of a very malignant 
character. M. Delpech had occasion to receive several travel- 
lers, inhabitants of these countries, and to entertain them with 
the usual American hospitality. The apartments destined for 
visitors being filled, and the number of his guests increasing, he 
was under the necessity of putting several of them in the rooms 
occupied by the cinchona. Each of them contained from 8 to 
10 thousand pounds of that bark. The heat was much greater 
in these rooms than any where else in the house, in consequence 
of the fermentation of the bark, which made them very disagree- 
able. However, several beds were put into them, one of which 
was occupied by a traveller, ill of a very malignant fever. After 
the first day, he found himself much better, though he had taken 
no medicine ; but he was surrounded with an atmosphere of 
cinchona, which appeared very agreeable tohim. Ina few days 
he felt himself quite recovered without any medical treatment 
whatever. This unexpected success led M. Delpech to make 
some other trials. Several persons ill of fever were placed 
successively in his magazine of cinchona, and they were all 
speedily cured, simply by the effluvia of the bark. 

In the same place with the cinchona, he kept a bale of coffee, 
carefully selected for his own use, and likewise some large 
bottles of common French brandy. They remained for some 
months in the midst of the bark without being touched. At 
last M. Delpech, when visiting his magazine, observed one of 
the large bottles uncorked. He suspected at first the fidelity of 
a servant, and determined to examine the quality of the brandy. 
What was his astonishment to find it infinitely superior to what 
it had been. A slightly aromatic taste added to its strength, 
and rendered it more tonic and more agreeable. He uncorked 
the other bottles, which had undergone no alteration, but which, 
by being placed in the same circumstances, soon acquired all the 
good qualities of the first bottle. 

Curious to know if the coffee had likewise changed its proper- 
ties, he opened the bale, and roasted a portion of it. Its smell 
and taste were no longer the same. It was more bitter, and left 
in the mouth a taste similar to that of the infusion of bark. 

The bark which produced these singular effects was fresh. 
Would the cinchona of commerce have the same efficacy? This 
is a question that can be answered only by experiment.—(Jour. 
de Pharmacie, May, 1819, p. 230.) 

A 
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XIV. Vaccination in Denmark. 

For the last eight years not a single case of small-pox has 
occurred in the dominions of the King of Denmark. The whole 
inhabitants have been vaccinated. Here is one good effect 
which has resulted from the arbitrary power of the King of Den- 
mark. Between 1752 and 1762 the small-pox carried off in 
Copenhagen alone 2644 victims ; from 1762 to 1772, it carried 
off 2116 ; from 1772 to 1782, 2233; from 1782 to 1792, 2735; 
but from the introduction of vaccination in 1802 to the end of 
1818 only 158 persons have died of the small-pox; namely, 
1802, 73 ; 1803,5; 1804, 13; 1805, 5; 1806, 5; 1807, 2; 1808, 
46; 1809, 5; 1810, 4; 1811, 0; 1812,0; 1813, 0; 1814, 0; 
1815, 0; 1816, 0; 1817, 0; 1818, 0. 

XV. New Instrument. 

Mr. Perkins, of Philadelphia (whom the newspapers have 
announced as on his passage to England, in order to submit to 
the Directors.of the Bank of England a specimen of bank bills 
which defy forgery), has invented an instrument, called the 
Bathometer ; which is intended to show, by the compressibility 
and elasticity of water, the depth of the sea. He is said to have 
produced a pressure of water in a confined column equal to that 
of more than 200 atmospheres, or upwards of 3000 pounds to every 
square inch of surface ; being equal to the pressure of 6,400 feet 
in fresh water. Mr. Perkins intends to prepare a graduated 
scale, showing the exact degree in which water is actually com- 
pressible. 

XVI. Death of Professor Playfair. 

John Playfair, Esq. F.R.S. Lond. and Edinb. &c. Professor of 
Natural Philosophy in the University of Edinburgh, died on 
Tuesday, July 20, at his house in Forth-street, Edinburgh. He 
was the son of Dr. James Playfair, author of a System of Chro- 
nology of great reputation. The Professor was supposed to be 
the principal conductor of the scientific department of the Edin- 
burgh Review. The works which he has left behind him are: 
Elements of Geometry, 8vo. 1796; second edition, 1804; Illus- 
tration of the Huttonian Theory of the Earth, 1802; a Letter to 
the Author of the Examination of Professor Stewart’s Statement, 
8vo. 1806; a Complete System of Geography, Ancient and 
Modern ; and detached papers in various periodical publications. 

—>—— 

ERRATUM in the present Number. 

Page 90, line 28, for 5917, read 64367. 
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ARTICLE XII. 

Magnetical, and Meteorological Observations. 
By Col. Beaufoy, F.R.S. 

Bushey Heath, near Stanmore. 

Latitude 51° 27/42” North. Longitude West in time 1/ 20-7”, 

Magnetical Observations, 1819. — Variation West. 

= 

Morning Observ. _ Noon Obsery. Evening Observ. 
Month. 

Hour. | Variation. | Hour. Variation. Hour, | Variation. 

June 1} 8h 40’] 24° 30’ 05} 1h 45’) 240 41’ gsi Th 35'| 240 36’ 02”. 
2} 8 50/24 30 45 1 35|24 40 36] 7 35 {24 35 2% 
3] 8 35).24 32 42 1 20; 24 39 50} T S35] 24 35 12 
4) 8 35] 24 32 923 1 20; 24 40 10{ 7 35} 24 34 32 
5| 8 40] 24 33 20 1 20; 24 41 57 7 40} 24 34 34 
6| 8 351/24 33 923 1 45 | 24 42 24 7 50/24 33 @ 
7] 8 40) 24 32 38 1 20] 24 43 10| % 40)|°:24 35 25 
8| 8 40|24 30 14 1 30|24 42 54] 7 40/ 24 34 53 
9! & 35'| 24 30 30 1 20] 24 42 15] 7 45] 24 35 34 

10; S 40/24 31 08 1] 20/24 41 45] 7 55] 24 34 20 
¥l} & 50] 24 32 30 1 20] 24 42 00] T 45] 24 34 42 
12; 8 40) 24 31 17 1 30) 24 41 AT 4“ “65 pay 33. 50 
13}°8 40} 24 32 04 1 30} 24 41 48| 7 55| 24 35 32 
14] 8 45 | 24 33 02 1 15} 24 40 18] 7 45 | 24 35 57 
Jost 8 55] 24 31 47 1 25 | 24 Al 37 7 50] 24 34 29 
16; 8 40} 294 97 15 1 20}24 Al 49] 7 50] 24 35 22 
17} 8 40] 24 33 28 I} 25| 24 42 16 7 55) 24 35 38 
18; 8 40] 24 31 30 1 40| 24 42 06/] 7 50] 24 34 59 
19} 8 40/ 24 32 923 1 25|}24 41 44} 7 50}24 35 Ol 
20| 8 40] 24 31 26 1 50) 24 41 24; 7 45}]24 36 20 
21) 8 40) 24 28 922 1 20/24 44 05} 7 50)24 35 13 
22); 8 40] 24 31 30 1 20/24 39 58} 7 50] 24 35 39 
23} S$ 40| 24 28 492 1 15/24 41 IT 7 50|;24 35 19 

24; — —|}—-— +! 1 40/2 44 38T}—. SF — SS 
25} 8 30) 24 32 05 1 45] 24 42 18} 7 55}24 35 49 
26) 8 35} 24 30 57 1 40} 24 42 14] 7 45,24 35 49 
27{ 8 40/924 99 19 L, 50} 24° 47° 02 | 7° 55°] 8 “23° Se 
28! 8 40} 24 32 92 1 55] 24 41 14);— —f|— — = 
29; 8 35/24 30 53 1 15/24 41 17) 17 45] 24 35 10 
30| 8 40] 24 34 38 1 25; 24 41 32/7 50] 24 35 15 

Mean for 
the gs 40} 24 31 28] F 99} 24 Al 41] 7 47] 24 35 .09 

Month. 

In taking the mean of the observations at noon and evening, 
those on the 27th are rejected, owing to the increased variation” 
at noon and the diminution in the evening, which was followed 
the next day by violent winds, thunder, hail, and rain. 
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Month.| Time. | Barom. 

June Inches. 
Morn....| 29°622 

1 5 Noon,...| 29°610 
Even ....| 29°607 

Morn....| 29°623 
2 2|Noon,...| 29°602 

Even,...| 29°565 
Morn....| 29°564 

32 |Noon....| 29-560 
Even....| 29°534 
Morn....| 29°478 

42 \Noon....| 29°480 
Even ....| 29°395 
Morn....| 29°583 

of Noon....| 29-619 
Even ... + 29°620 
Morn.,..| 29°586 

6< |Noon....} 29°510 
Even....| 29°400 
Morn....| 29°164 

T+ |Noon....| 297164 
Even... .| 29-200 

. Morn....| 29:162 
84 [Noon....| 29°144 

Even ....| 29°118 
Morn....| 29°158 

94 |Noon....| 29°158 
Even ....| 29-160 
Morn....| 29'254 

104 |Noon....| 29°284 
Even ....) 29-372 
Morn....| 29°521 

114 |Noon....| 29-534 
Even ....| 29°534 
Morn. ...} 29-540 

122 \Noon....| 29-540 
Even....| 29°577 
‘Morn. ...| 29620 

13< |Noon....| 29°594 
Even... 4 29°532 
Morn....| 29°529 

144 \Noon....| 29-510 
Even....} 29°456 
Morn....}) 29°305 

154 |Noon....| 29°300 
Even ....| 29°343 
Morn,...| 29°469 

164 |Noon....| 29490 
Even ...| 29°560 
Morn....| 29°632 

174 |Noon....| 29°643 
Even....| 29°670 

{ |Morn,...| 29°588 
sal Noon....} 29-583 

Even....| 29°605 

and Meteorological Observations. 

Meteorological Observations. 

Ther. 

569 
64 
56 
57 
65 
59 
51 
64 
59 
60 
65 
59 
54 
65 
60 
54 
66 
57 
58 
62 
55 
58 
65 
60 
59 
67 
56 
56 
63 
54 
58 
60 
53 
56 
60 
5A 
56 
66 
56 
59 
60 
55 
55 
58 
b4 
53 
59 
54 
55 
63 
56 
54 
56 
59 

Hyg. 

51° 
35 
42 
73 

Wind. 

SW 
Wsw 

SW by W 
SSW 

SW by W 
SSW 
SSW 
ssw 

S by W 
sw 

— 
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Velocity.| Weather.) Six’s. 

Feet. 
Fine 464 
Cloudy 64 
Cloudy 
Rain ; 53% 
Fine 66 
Fine 49% 
Fine 
Cloudy 644 
Cloudy 
Showery : 555 
Showery | 672 
Rain 4S 
Fine : 
Fine 662 
Very fine : her 

Foggy 
Fine 68 
Cloudy 
Cloudy ‘ 52 
Cloudy 632 
Cloudy ae 
Cloudy 3 
Showery| 674 
Fine 
Fine : 52 
Fine 68 
Fine 
Fine ‘ 50 
Showery| 66 
Showery 
Fine ' 46 
Hail 63 
Showery 
Fine ‘ 46 
Showery | 61 
Very fine 
Very fine ‘ 46% 
Very fine 674 
Very fine)? 4o1 
Fine 3 
Cloudy | 63 
Rain 
Rain ' ge 
Fine 615 
Very fine 
Fine in 
Cloudy 60% 
Fine 
Showery : AT’ 
Cloudy 65 
Cloudy 
Sm. rain ‘ 52 
Rain 604. 
Cloudy 

in ene eee 
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Meteorological Observations continued. 
Pao gy Po A EL IMMUN a 

Month. | Time. | Barom.| Ther.| Hyg.| Wind. |Velocity.| Weather. Six’s. 

June Inches, Feet, 
Morn,...| 29685 | 60° | 48°| NNW Very fine| 51 

192 |Noon....| 29°690 | 66 36 N Fine 68 

Even....| 29.700 | 62 3T NNE Cloudy ‘ 

Morn,...| 29°15T | 59 49 | NW byN Very fine|§ 4935 

202 |Noon....| 29°772 65 34 |NWbyN Fine 672 

Even....| 29°772 | 61 | 40 Var. Fine J 
Morn,...| 29°727 | 58 39 Ww Very fine : 48 

24 Noon....| 29°673 10 33 WNW Fine 711 

Even....| 29°672 | 63 Al NNW Fine = 

Morn....| 29-619 | 60 43 NW Cloudy ‘ 51 

zo} Noon....| 29°605 | 63 37 NW Cloudy 654 

Even ....| 29°600 58 43 NNW Cloudy 

Morn....| 29°585 | »59 | 42 Ww Fine 54g 
zal Noon....| 29°581 65 35 WNW Cloudy 614 

Even ....| 29°532 62 38 SSW Cloudy 

Morn....| 29428 | — | 59 | WSW Rain ' 52 
24< |Noon,...| 29°330 55 63 SW Rain 604 

Even....| — _ _ _ Rain 

Morn,...| 29:323 | 60 | 63 ssw Rain ‘ 54h 
254 |Noon....| 29°307 61 iT SSW Rain 62 

Even... .| 29°264 | 57 67 | SW by W Cloudy 
~ (|Morn....| 29178 | 58 | 69 SSW Sm, rain |§ 95 
a Noon....| 29°176 } 58 12 SSW Rain 624 

Even....| 29°180 | 57 64 |SW by W |Rain 
Morn,...| 29252 | 56 | 61 | SSW Showery |§ 475 

an} Noon....| 29°203 59 58 SSW Showery| 627 
Even....| 29°180 | 54 58 SSW Showery 
Morn....| 29°223 | 56 | 47 | Wby N Fine ‘ 48 

28< |Noon....| 29°236 | 52 51 |NW by N Th, hail | 60 
Even....| — _ _ _ Showery 1 
Morn....| 29:392 | 56 | 49 | WNW Cloudy |§ 447 

295 |Noon....| 29°400 62 37 W by N \ Cloudy 624 
Even ....| 29-408 | 57 42 SW Cloudy 
Morn....| 29295 | 58 | 68 Ww Showery |§ 53 

aot Noon....| 29°279 63 46 W byN Showery| 65 
Even ....| 29°283 5T AT Ww Fine 

Rain, by the pluviameter, between noon the Ist of June 
and noon the Ist of July 1:95 inch. Evaporation during the 
same period 4°25 inches. 
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ARTICLE XIII. 

METEOROLOGICAL TABLE. 

=i 

Barometer, THERMOMETER, Hygr. at 
1819, Wind.| Max. | Min. | Med. | Max.| Min.] Med. | 9 a.m. |Rain, 

5th Mo. 
May 16|S E)30-08/30:02'30:050| 72 | 37 | 54°5 59 D 

17\N _E'30°02/29-86'29:940] 75 | 40 | 57°5 59 
18/S W/29°86|29°70.29'780| 69 | 50 | 59°5 60 48 
19|IN _E\29°70|29'63,29-665| 65 | 54 | 59°5 86 24). 
2015S W/29°63|/29-59/29-610] 63 | 51 | 57-0 71 40 
21/S )/29°66/29:49.29°575| 62 | 42 | 52:0 76° 4 
22\S _E|29-90|29-66 29780] 70 | 39 | 545 70 
23| E_ |29-91/29:90.29:905| 77 | 50 | 63°5 65 27 
24) E  (29°94/29:91/29-925| 63 | 49 | 56-0 72 4'@ 
25|N E|29'91|29-90.29:905| 65 | 47 | 56-0 72 
26|IN E\29°92/29:9129:915| 60 | 40 | 50-0 70 
27\N E/29-91/29°87,29-890| 63 | 42 | 52°5 63 
28|N E/29°93/29-89 29°910) 60 | 33 | 46°5 60 | — 
29\N _E)30:02/29-93 30:025] 60 | 31 | 45+5 60 
30|N W'30:09/30'02 30:055] 64 | 44 | 55:0 55 9 
31\S W/)30°13/30:09 30°110| 64 | 46 | 55-0 62 5 

6th Mo. 
June 1/S W 30°10 30°09 30'095| 70 | 53 | 61°5 64 € 

2)'S W30'10/30:06:30:080| 70 | 47 | 58°5 67 
3)S W/30:06|30:00,30'030] 72 | 56 | 64:0 61 
4S W/30-06)29-95'30-005| 72 | 45 | 58°5 71 9 
5|S W/30°10/30-07'30°085! 72 | 45 | 58°5 63 
6|S W_30-07|29'70|29°885| 75 | 53 | 64-0 59 1 
7\S_ W_29:72|29-68/29:700| 66 '| 47 | 56°5 65 
8S _ E/29-66/29°63|29°645| 70 | 46 | 53-0 62 10 
9|_ S_ |29-72/29-67\29-695| 75 | 51 | 63-0 62 
10/S_W/29°97/29-72/29-845| 72 | 46 | 59:0 59 25 
11} W_ |30-04/29:97|30:005| 70 | 47 | 58°5 63 
12/8 W/(30-09/30:04'30-065| 70 | 37 | 53:5 60 2 
13/S _E/30'10|30-04/30-070| 70 | 48 | 59:0 59 
14/S W/30:04/29°85|29:945| 71 | 49 | 60:0 | 61 3]D _ 
re | et | | pees aoe 

50°13'29-49|29'899| 77 | 31 | 56-901 64 | 2-02 ——_!__150°15'29°49129°8991 77 | 31 | 56-901 64 | 2:02] 
The observations in each line of the table apply to a period of twenty-four hours,beginning at 9 A, M. on the day indicated in the first column, A dash denotes, that the result is included in the next following observation. 
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REMARKS. 

Fifth Month.—16, 17. Fine. 18—21. Rainy: hail in the 

showers on the latter day : Cumulus, Nimbus, Cirrus. 22. Cir- 

rostratus: lightning at night to the north-west. 23. Fine ‘day: 

rain in the night. 24, 26. Cloudy. 28, 29. Frosty mornings. 

The potatoes suffered considerably in their growing tops, the 

temperature having undoubtedly been lower on the ground than 

at the height of the thermometer. 30. Showers. 

Sixth Month.—1. Cloudy. 2, 3. Fine. 4. Showery. 10. Nimbz, 

very large and distinct: a thunder shower about three, p.m. 

and a brilliant rainbow in the evening. 11. Fine. 12. Showers. 

13. Fine. 14. Cloudy. 

RESULTS. 

Winds Easterly in the fore part, Westerly in the latter part of 

the period. 

Barometer: Greatest height ........ 30°13 inches. 

DISD |b’ asain top eysieke pip igueites 29°49 

Mean of the period. .... 29°899 

Thermometer : Greatest height i bin: ew 149 

Heakts | LTS MH ol 

Mean of the period. .... 56:90 

Mean of the Hygrometer.............. 64° 

Evaporption Ges. ves ass ee eueeba gs me Ouin. 

Rain at Stratford ........0..+0+eee04+ 202 inches. 
Rain at Tottenham eecorvetueaeeeveeesneen ee 2°29 

The above observations, two or three incidental articles 

excepted, are extracted from the register kept at the laboratory. 

Tottenham, Sixth Month, 18, 1819. L. Howarp. 

| 
: 
4 

4 

| 

‘ 
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METEOROLOGICAL TABLE. 

BaroMETER, THERMOMETER. |Hygr. at 

1819, Wiud.| Max. | Min, | Med, | Max.| Min.| Med. 9 a.m. |Rain. 

6th Mo. 
Jane 14/S W)30:04)29°85 29945} 71 | 49 | 60°0 03 

15|S W/|29:97/29°8329°900| 63 | 42 | 52°5 33 
16|N W]30"12|29-97|30°045| 62 | 45 | 535 | 02 
17|IN W1/30°13 30°07 30°100 72 | 52 | 62:0 OL 
1sIN W 30°14/30°05 30:095 67 | 52 | 59°5 45 
19|N W/30°19 30°14,30°165 72 | 47 | 50°5 
20|N W/)30:19|30°18:30°185| 72 | 45 | 58°5 
21IN W/30-18'30'09 30°:135] 78 | 49 | 63°5 
22|N W/1|30-09'30-08 30-085] 68 | 55 | 61°5 
23IN W/|30°08'29:94 30°010} 72 | 52 | 62°0 
2415S W129-94:29'81/29°875| 63.) 56 | 59°5 05 
25S W/29°93\29'72:29°825| 66 | 55 | 60°5 _ 
26| S |29:74/29:°69'29:715| 67 | 48 | 57°5 — 
27) Var. |29°74/29°73 29°735| 65 | 50 | 57°5 30 
28|N W{|29°S6\29°73 29°795| GO | 45.| 52°5 23 
29|N W)29°86\29°79,29'825| 70 | 54 | 62:0 
30| W_= |29°86|29°77 29°815| 72 | 40 | 59°0 

30°19|29°69 29°955] 78 | 42 | 58°88} 1°42 

eee [eee 
{ 

The observations in each line of the table apply to a period of twenty-four 
hours, beginning at 9 A.M. on the day indicated in the first column. A dash 
denotes, that the result is included in the next following observation. 

REMARKS. 

Sixth Month—14. Cloudy. 15. Rainy. 16, 17. Cloudy. 
18. Wet, a.m. 19—23. Fine days. 24. Morning, overcast: 
drizding rain, 25, 26. Cloudy. 27. Frequent heavy showers : 
at sun-set, strong shadows projected from behind a Cumulus or 
two, amidst a wild-looking sky: the clouds opposite the setting 
sun tinged to a very full yellow. 28. Cloudy morning: a con- 
fused sky, exhibiting a mixture of Cirrus, Cirrocumulus, Cumulus, 
&c.: about 11, a.m. some hail ushered in a thunder shower : 

the lightning was vivid at Stratford, and the thermometer fell 8° 
during the shower. Other thunder showers succeeded, till one, 
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p- m. when there was a very heavy storm of large hailstones, 
which nearly covered the ground. This was attended with vivid 
lightning to the southward, and thunder at a small distance. 

29. Overcast. 30. Fine. 

RESULTS (of the half period). 

Winds Westerly, and chiefly North-west. 

Barometer: Greatest height ........ 30°19 inches. 
Beast. corti crewe wes os 29°69 

Mean height. .........4. 29:°995 

Thermometer: Greatest height ....... 478° 
DCR Se Shs he wis Setar apa 42 

Mean height... s/s sects 58°88 

Rain at Stratford ........0005 o Rae's a: eee Le 

Rain at. Tottenham \). 635.054 odes 1:63 

Mean of the Hygrometer. .......... 65° 

Tottenham, Seventh Month, 20, 1819. L. Howarp. 

—=a__—— 

*.* The half table now published brings up these observa- 
tions to the close of the half year. In future, to facilitate the 

comparison of the daily observations: and monthly results with 
those of other registers, they will be published for every calendar 
month in the usual way. At the same time, to preserve the 

original tention, which has succeeded hitherto, of bringing 
occasionally into view the periodicity of atmospherical changes, 
the mean results will be inserted in the columns where they now 
stand daily, at such intervals only as experience has demonstrated 

to be best adapted for the purpose of forming an annual table, 
which it is intended in future to publish as a supplement to each 
year’s observations. The whole of the materials for the tables 
are at present derived from the register kept (under the care of 
my friend John Gibson) at the laboratory, Stratford, where the 

due position and accurate adjustment of the instruments have 
been recently attended to by myself. This arrangement has 
become necessary to me, as the second volume of the Climate 
of London will occupy, until it leaves the press, nearly the whole _ 
share of attention which I can personally give to the subject. 

L. H. 
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ARTICLE I, 

A Tribute to the Memory of ihe late Thomas Henry, F.R.S. 
§e. &c. President of the Literary and Philosophical Society of 
Manchester. By William Henry, M.D. F.R.S. &c.* 

THE following tribute to the memory of the late President of 
the Literary and Philosophical Society has been drawn up, in 
compliance with a request, expressed to the writer from the 
chair, at an early meeting during the present session. It would, 
on some accounts, have been more satisfactory to him that the 
office should have fallen into other hands; but, conceiving a 
compliance with the requisition to be a duty, which he was not 
at liberty to decline, he has endeavoured to execute it with all. 
the impartiality and fidelity in his power; and he trusts to the 
candour of the Society for that share of indulgence which he may 
Bepaanably claim in speaking of one to whom he was so nearly 
allied. 

The late Mr. Henry was descended from a respectable family, 
which, for several generations, had resided in the county of 
Antrim. His paternal grandfather commanded a company of 
foot in the service of James I]; and during the disturbed times, 
which, in Ireland, succeeded the revolution, was shot by an 
assassin in his own garden. -The father of Mr. Henry, then an 
infant scarcely a year old, was taken under the generous protec- 
tion of a neighbouring nobleman ; + and, after being educated 
in Dublin at his lordship’s expense, was brought over by him 
into Wales, when he had nearly attained the age of manhood, 

* Read before the Literary and Philosophical Society of Manchester. 
+ Viscount Bulkley, 

Vox. XIV. N° IIT. L. 
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Having, a few years afterwards, married the daughter of a 
clergyman of the establishment, they sought the means of sup- 
port by jointly engaging in the education of females, and for 
many years conducted a respectable boarding school, first at 
Wrexham, in North Wales, and afterwards in Manchester. 

It was at the former place that Mr. Henry was born, on 
Oct. 26, O. 8S. 1734. For some years, he remained under the 
tuition of his mother, who was admirably fitted for the task, and 
of whom he was always accustomed to speak with the warmest 
affection and gratitude. At a proper age, he was sent to the 
Grammar School of Wrexham, at that time in considerable 
repute. There he was fortunate in having, for his first classical 
instructor, the Rev. Mr. Lewis, whose virtues are the subject of 
an elegant Latin epitaph, copied by Mr. Pennant into his Tour 
through Wales.* At this school, Mr. Henry remained for 
several years, and made such proficiency in his classical studies 
as to have attained the foremost station, with the exception 
only of Mr. Price, who was afterwards well known as the Keeper 
of the Bodleian Library in the University of Oxford. 

The inclination of Mr. Henry, from early life, led him to the 
church ; and it was determined that, on leaving school, he 
should remove to Oxford. Even the day of his departure was 
fixed, and a horse was provided for the journey. But as the 
time drew near, his parents, who had a numerous family, and 
were far from being in affluent circumstances, shrunk from the 
prospect of expenses that were unavoidable, and the uncertainty 
of eventual success. While they were thus hesitating, Mr. 
Jones, an eminent apothecary of Wrexham, decided the point, 
by proposing to take Mr. Henry as an apprentice; and to this 
measure, though deeply feeling the disappointment of long 
indulged hopes, he could not deny the reasonableness of assent- 
ing. With Mr. Jones he continued, till that gentleman died 
suddenly from an attack of gout, when he was articled for the 
remainder of the term to a member of the same profession at 
Knutsford, in Cheshire. 

In neither of these situations did Mr. Henry enjoy any extra- 
ordinary opportunities of improvement. The only book which 
he remembered to have been put into his hands by either of his 
masters was the Latin edition of Boerhaave’s Chemistry, in two 
vols. quarto, a work, which, whatever may have been its merits, 
was certainly not calculated to present that science to a beginner 
under a fascimating aspect. His reading was, therefore, entirely 
self directed ; and, by means of such books as chance threw into 
his way, he acquired a share of knowledge creditable both to his 
abilities and his industry. 

At the expiration of his apprenticeship, he engaged himself as 
principal assistant to Mr. Malbon, who then took the lead as an 

* Page 293, 
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an apothecary at Oxford. In this situation, he was treated by 
Mr. Malbon with the indulgence and confidence of a friend; 
and his time was chiefly spent in visiting patients of the higher 
class, a majority of whom were members of the University. 
Among the students at Oxford were several, who, recognizing 
Mr. Henry as a former associate, renewed their acquaintance 
with him, and afforded him the most friendly countenance. His 
leisure hours were, therefore, spent most agreeably and profitably 
in the different colleges; and his taste for literary pursuits was 
encouraged and confirmed. At Oxford, he had an opportunity 
of attending a course of anatomical lectures, in which the cele- 
lebrated John Hunter, then a young man, was employed as 
demonstrator. 

From Mr. Malbon, who was become affluent, Mr. Henry 
received a strong mark of esteem and confidence in the offer of 
a future partnership. To have accepted this, it would have been 
necessary that he should have qualified himself to matriculate, 
which would have required the completion of a residence of 
seyen years. But other views in life, which were inconsistent 
with so long a season of expectation, induced him to decline the 
ea ; and in the year 1759, he settled at Knutsferd, where 
he soon afterwards married. After remaining five years at this 
place, he embraced the opportunity of succeeding to the business 
of a respectable apothecary in Manchester; where he continued 
for nearly half a century to be employed in medical attendance, 
for the most part on the more opulent inhabitants of the town 
and neighbourhood. 

Soon after Mr. Henry’s settlement in Manchester, the late 
Dr. Percival removed to the same town from Warrington. That 
eminent physician was early inspired with the same ardent zeal 
for the cultivation of professional and general knowledge, which 
afterwards so much distinguished him. Congeniality of taste 
and pursuits led to a frequent intercourse between Dr. Percival 
and the subject of this memoir; and the moral qualities of each 
cemented their connexion into a friendship, which continued 
without interruption until it was terminated by the death of Dr. 
Percival, in 1804. It was about tie same early period that he 
formed an acquaintance with that excellent man, and upright 
magistrate, the late Mr. Bayley, of Hope-Hail, and much of the 
happiness of his future life was owing to the mutual esteem and 
confidence, and to the frequent intercourse, which continued to 
exist between them for more than thirty years.* 

During his apprenticeship, Mr. Henry aad manifested a 
decided taste for chemical pursuits, and had.availed himself of 
all the means in his power, limited as indeed they were, to | 
become experimentally acquainted with that science. ‘This 
taste he continued to indulge after his settlement in life ; and, 

* An interesting biographical sketch of Mr, Bayley, written by Dr. Percival, 
appeared in one of the volumes of the Monthly Magazine for the year 1802, 

L 
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having made himself sufficiently master of what was ascertained 
in that department of knowledge, he felt an ambition to extend 
its boundaries. In the year 1771, he communicated to the 
Royal College of Physicians of London, “‘ Animproved Method 
of preparing Magnesia Alba,” which was published in the second 
volume of their Transactions. Two years afterwards it was 
reprinted, along with essays on other subjects, in a separate 
volume, which was dedicated by Mr. Henry to his friend Dr. 
Percival. 

The calcination of magnesia had, at that time, been practised 
only in connexion with philosophical inquiries. Dr. Black, in an 
essay, which is still perhaps not surpassed in chemical philoso- 
phy, as a beautiful example of inductive reasoning, had fully 
established the differences between magnesia in its common and 
in its calcined state ; but he does not appear to have made trial 
of the pure earth as a medicine, though several inconveniences, 
from its use in the common form, had long before been pointed 
out by Hoffman.* On this subject, Mr. Henry’s claims extend 
to the free disclosure of his improvements; to the early and 
strenuous recommendation of the medicinal use of pure magne- 
sia; and to the discovery of some of its chemical agencies. It 
is but justice to him to state that his recommendation of its 
employment as a medicine was perfectly disinterested ; for it 
was not till his work was printed, and on the eve of issuing from 
the press, that the preparation of magnesia for sale was suggested 
to him by a friend, in a letter relating to the intended publica- 
tion, which is still preserved as a part of his correspondence. 
Before carrying this suggestion into effect, he thought it proper 
to consult Sir John Pringle, Sir Clifton Wintringham, Dr. War- 
ren, and some other leading members of the College of Physi- 
cians, as to their opinion of the propriety of the measure ; and 
he did not adopt it until those gentlemen had declared it to be 
not more adviseable on his own account than on that of the 
public. 

Soon after the publication of the small volume of Essays, Mr. 
Henry found himself involved in a controversy, arising out of 
some remarks in the appendix, respecting which, as the subject 
was of temporary interest, it is unnecessary to enter into parti- 
culars. It is sufficient to state that the accuracy of some of his 
experiments, which had been called in question, was confirmed 
by the concurrent testimony of Dr. Percival and Dr. Aikin ; and 
that the chemical properties, first ascertained by him to belong to 
pure magnesia, were considered by Bergman and by Macquer as 
worthy of being incorporated into their respective histories of 
that earth. ; 

It was probably'in consequence of the publication of these 
Essays, that Mr. Henry was admitted into the Roya! Society of 

* Hoffman. Oper. tom. iv,.p, 381. 

* 
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London, of which he became a Fellow in May, 1775. The 
pane most active in promoting his election were Sir John 

ringle and Dr. Priestley ; and he had the advantage not only 
of the vote, but of the favourable influence of Dr. Franklin, who 
happened at that time to be in London. Several years after- 
wards, the same venerable philosopher, when in the 81st year of 
his age, presided at the meeting of the Amencan Philosophical 
Society, at which Mr. Henry was elected a member, and again 
honoured him with his suffrage.* 

he writings of the celebrated Lavoisier were introduced by 
_ Mr. Henry to the notice of the English reader in 1776. The 

earliest work of that philosopher was a volume, consisting 
partly of an historical view of the progress of pneumatic che- 
mistry from the time of Van Helmont downwards ; and partly of 
a series of original essays, which are valuable as containing the- 
germs of his future discovenes. To this work, Mr. Henry added, 
im the notes, occasional views of the labours of contemporary 
English chemists. A few years afterwards he translated, and 
collected into a small volume, a series of Memoirs, communicated 
by M. Lavoisier to the Paris Academy of Sciences, when the 
views of that philosopher, respecting the anti-phlogistic theory 
of chemistry, were more fully unfolded. In undertaking the 
translation of these works, he was influenced by a desire to 
lace within the reach of English readers, among whom the 
nowledge of the French language was then confined to compa- 

ratively few, the pleasure and conviction which he had himself 
derived from those admirable models of philosophical inquiry. 

Notwithstanding the large share of professional employment 
to which Mr. Henry had now attained, he still continued to 
engage frequently in experimental pursuits, the results of which, 
at this time, were communicated to the world chiefly through 
the publications of his friends Dr. Priestley and Dr. Percival. 
Of these, the most important were some Experiments on the 
Influence of Fixed Air on Vegetation, by which he endeavoured 
to show, that though fixed air is injurious, when unmixed, to the 
vegetation of plants, yet that when mingled in small proportion 
with common air, it is favourable to their growth and vigour. 
The facts established by this inquiry were communicated to 
Dr. Priestley ; and it is creditable to the candour of that distin- 
guished philosopher, that he was anxious to make them public, 
not only for their general merit, but because, in one or two 
points, the results disagreed with his own. “I am much 
pleased,” Dr. Priestley replies, ‘with the experiments mentioned 
in your letter, and if you have no objection, shall be glad to 
insert the greatest part of it in my Appendix, which I am just 
sending to the printer’s. I the rather wish it, as a few of the 
experiments terminate differently from those that I shall publish, 

* This circumstance is stated in a letter from Dr, Rush to Mr, Henry, dated 
Philadelphia, July 29, 1786, 
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and I wish to produce all the evidence I can come at on both 
sides. The other experiments are very curious, and will give 
much satisfaction.”* The investigation was afterwards resumed 
by Mr. Henry, and made the subject of a paper, which is printed 
in the second volume of the Memoirs of this Society. The 
simplicity of the apparatus required for the performance of these 
experiments has induced the authors of our best work on educa- 
tion to point them out among others as calculated to please 
young persons, and to gratify in them an enlightened curiosity 
respecting the causes of natural phenomena.+ 

he occasion of Mr. Henry’s next appearance as the author of 
a separate work arose out of an accidental circumstance. He 
had found that the water of a large still tub was preserved sweet 
for several months by impregnating it with lime, though, without 
this precaution, it soon became extremely putrid. This fact 
suggested to him an eligible method of preserving water at sea;{ 
but as lime water is unfit for almost every culinary purpose, 
some simple and: practicable method was required of separating 
that earth from the water before being applied to use. ‘This, he 
ascertained, might be accomplished, at little expense, by car- 
bonic acid, the gas from a pound of chalk and 12 ounces of oil 
of vitriol being found sufficient for the decomposition of 120 
gallons of lime water.§ The only difficulty was in the mode of 
applying the gas on a large scale ; but this was overcome by the 
contrivance of an apparatus, which Mr. Henry described in a 
pamphlet dedicated to the Lords of the Admiralty. The ae 
m.consequence of the zealous personal exertions of Mr. Wedg- 
wood, who was then in London, met with due attention from the 
Commissioners for victualling his Majesty’s ships. The chief 
obstacle to its adoption in the navy was an apprehension, proba- 
bly well grounded, that persons would scarcely be found on ship- 
board possessing sufficient skill for conducting the process 
successfully. Since that time, the preservation of water at sea 
has been accomplished by the simple expedient of stowing it m 
vessels constructed or lined with some substance, which is not 
capable of impregnating water with any putrescible ingredient ; 
for good spring water, it is well known, contains essentially 
nothing that disposes it to putrefaction. 

The philosophical pursuits of Mr. Henry, not long after this 
period, received an additional stimulus by the establishment of 
the Society to which these pages are addressed, and by his 

* Letter from Dr, Priestley to Mr. Henry, dated Jan. 5, 1777. 
+ Edgeworth on Practical Education, vol.i. chap. 1, 
t Dr. Alston, of Edinburgh, appears, however, to have been the first who pro- 

posed impregnation with lime, as a mean of preventing the putrefaction of water ; 
and to precipitate the lime, he suggested the use of carbonate of magnesia. 

§ The water, however, for which these proportions were sufficient, could not 
have been completely charged with lime, for fully saturated lime water would have 
required for decomposition nearly three times that quantity of chalk and oi} of 
vitriol, 
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anxious desire to fulfil his duties as a member of it. To him, 
on its being first regularly organized in the winter of 1781, was 
confided the office of one of the secretaries. At a subsequent 
period, he was advanced to the station of Vice-President, and 
in the year 1807, on the vacancy occasioned by the death of the 
Rev. George Walker, F.R.S. he received from the Society, and 
retained during the rest of his life, the highest dignity which it 
has to bestow. 

The “ Memoirs of Albert de Haller,” which were published 
by Mr. Henry in 1783, and dedicated to this Society, were 
derived partly from a French Eloge, and partly from information 
communicated by the late Dr. Foart Simmons. A more com- 
plete view of the life and acquirements of that extraordinary man 
might have been collected, at a subsequent period, from other 
publications of the same kind, which were addressed to different 
learned societies on the continent. In one respect, Mr. Henry 
appears to have taken too favourable a view of the character of 
Haller, in ascribing to him gentleness of disposition ; for that 
illustrious, and in the main excellent, person, seems to have 
been a man of quick passions, and not sufficiently reserved in 
the expression of them ; as may be gathered from his controversy 
with Dr. Whytt, of Edinburgh. Haller is represented also by 
his biographer as afilicted with the personal defect of weak eyes ; 
which, from a passage in his Physiology,* appears not to have 
been correct. “‘ Aque pure,” he says, “ qua ab anno etatis 18 
sola utor, tribuo, quod post tot in fulgido sole susceptos micros- 
copicos labores, omnibus sensibus, et oculis potissimum, non minus 
valeam, quam puer valui.” 

During the long season of Mr. Henry’s activity as a member 
of this Institution, his communications to it were very frequent. 
‘Many of these were intended only to excite an evening’s discus- 
sion, and, having served that purpose, were withdrawn by their 
author ; but the numberis still considerable, which are preserved 
in the Society’s published volumes. As might be expected, 
they are of various degrees of merit, but there are among them 
two papers, which have contributed greatly to his reputation as 
-a chemical philosopher.+ 

* Tom. vi. p. 240, edit. 2. Lausanne. 
+ The following is a list of Mr, Henry’s papers that are dispersed through the 

“printed Memoirs of this Society. 
In vol, i. (1.) An Essay on the Advantages of Literature and Philosophy in 

general, and especially on the Consistency of Literary and Philosophical with 
Commercial Pursuits. 

(2.) On the Preservation of Sea Water from Putrefaction by Means of Quick- 
lime. 

(3.) On the Natural History and Origin of Magnesian Earth, particularly as 
connected with those of Sea Salt and Nitre, with Observations on some Chemical 
Properties of that Earth, which have been hitherto unknown or undetermined. 

In vol. ii. (1.) Experiments on Ferments and Fermentation, by which a Mode 
of exciting Fermentation in Malt Liquors, without the Aid of Yeast, is pointed 
out ; withan Attempt to form a new Theory of that Process. 
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The essay on Ferments and Fermentation is valuable, not for 
the theoretical speculations which it contains, for these have 
been superseded by subsequent discoveries ; but for a few facts. 
of considerable importance. It was at that time believed that 
the infusion of malt, called wort, could not be made to ferment, 
without the addition of yeast or barm; but Mr. Henry disco- 
vered that wort may be brought into a state of fermentation by 
being impregnated with carbonic acid gas. By a fermentation 
thus excited, he obtained not only good beer, but yeast fit for 
the making of bread; and, from separate portions of the fer- 
mented liquor, he procured also ardent spint and vinegar, thus 
provns that the:fermentative process had been fully completed. 

e found, moreover, that flour and water, boiled to the consist- 
ency of a thin jelly, and impregnated with carbonic acid na 
Nooth’s machine, passed mto fermentation, and by the third day 
had assumed the appearance of yeast, for which it served as a 
tolerable substitute in the making of bread. 

The other memoir, which is distinguished by its value and 
importance, is entitled, Considerations relative to the Nature of 
Wool, Silk, and Cotton, as Objects of the Art of Dyeing ; on 
the various Preparations and Mordants requisite for these 
different Substances; and on the Nature and Properties of 
Colouring Matter. 

After having given a general view of the history of the art of 
dyeing, Mr. Henry, in this elaborate essay, examines the, theo- 
ries that had been framed to account for the various facility and 
permanency with which different substances attract colouring 
matter. He demonstrates the futility of those hypotheses that 
explained the facts by supposed peculiarities of mechanical 
structure in the materials to be dyed; aud suggests the probabi- 
lity that the unequal powers of absorbmg and fixing colouring 
matter, manifested by wool, silk, linen, and cotton, depend on 
the different attractions, inherent in those substances as chemical 
compounds, for the various colouring ingredients. All the pre- 
paratory operations, though differmg for each material, have, he 
apprehends, one common object; viz. the removal of some 
extraneous matter which, being already united with the subk- 

(2.) Observations on the Inficence of Fixed Air on Vegetation, and on the 
probable Cause of the Difference in the Results of various Experiments made for . 
that Purpose. 

In vol. iii. (1.) Observations on the Bills of Mortality for the Towns of Man- 
chester and Salford. 

(2.) Case of a Person becoming short-sighted in advanced Age. 
(3.) Considerations relative to the Nature of Wool, Silk, and Cotton, as Objects 

of the Art of Dyeing; on the various Preparations and Mordants requisite for 
these different Substances ; and on the Nature and Properties of Colouring Matter, 
together with some Observations on the Theory of Dyeing in general, and particu- 
larly the Turkey-Red. 

New Series, vol. ii, Remarks on Mr. Nicholson’s Account of the Effects pro- 
duced at Swinton by a Stroke of Lightning. : 

And a paper, pripted in this volume, entitled Memoirs of the late Charles 
White, Esq. P.R.S. chiefly with a Reference to hjs professioufl Life and Writings. 

ose 
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stance to be dyed, prevents it from exerting its attraction for 
colouring matter. ‘The ultimate object of these preliminary 
steps, he states to be the obtaiming a white ground that may 
enable the colours to display the full brilliancy of their several 
tints. To explain the preparation of cotton for the Turkey-red 
dye, he endeavours to prove that cotton requires for this purpose 
to be approximated in composition to the nature of an animal 
substance. He next offers a classification of the Materia Tinc- 
toria, and some general speculations on the nature of colouring 
matter. 

In the second part of the essay, Mr. Henry investigates the 
mode of action of those substances, which, though themselves 
destitute of colour, are important agents in the processes of 
dyeing. Substances of this kind had received, from the French 
dyers, the name of mordants, because it was imagined that they 
corroded and removed something which mechanically opposed 
the entrance of the colouring matter into the pores of the mate- 
rial to be dyed. To destroy this erroneous association, Mr. 
Henry proposes that the word éasis should be substituted, as a 
general term, to denote every substance which, having an 
affinity both for the colouring matter and for the material to be 
dyed, is capable of servint as an intermedium between the two ; 
and that a specific epithet should be added, to distinguish each 
particular variety. In this essay, Mr. Henry, for the first time, 
explained the true nature of the liquor which is employed for 
affording the aluminous basis, prepared by mixing the solutions 
of alum and of sugar of lead. ‘This liquor he showed to be 
essentially a compound of pure clay or alumine with acetic acid; 
and-its superiority over a solution of common alum, for yielding 
the earthy base in dyeing, he ascribes partly to the less aflimty 
of the-acetic acid than of the sulphuric for alumine, and partly 
to the greater volatility of the acetic acid, when exposed to a 
moderate increase of temperature. The remainder of the paper 
is chiefly occupied with the details of the operations then prac- 
tised for dyeing Turkey-red ; with a theory of the process ; and 
with a general view of the mode of action of the individual mor- 
dants or bases. The method of dyeing Turkey-red has been 
since much improved and simplified, though its theory is, even 
yet, far from being well understood. But the opimions, first 
inculcated by Mr. Henry, respecting the action of mordants, 
evince a remarkable superiority to the prejudices, with which 
he found the subject encumbered, and are, indeed, those which 
are still held by the latest and best writers on the principles and 
practice of dyeing. 

In the year 1783, an institution arose out of this Society, which 
had great merit, not only in its plan and objects, but in the 
ability exerted by the several persons who were concerned in 
their fulfilment. It was destined to occupy in a rational and 
instructive manner the evening leisure of young men, whose 
time during the day was devoted to commercial employments. 
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For this purpose, regular courses of lectures were delivered on 
the belles lettres, on moral philosophy, on anatomy and physio- 
logy, and on natural philosophy and chemistry. Mr. Henry, 
assisted by a son, whose loss he had afterwards to deplore, and 
whose promising talents and attainments obtained for him, at an 
early period of life, a mark of the approbation of this Society,* 
delivered several courses of lectures on chemistry to numerous 
and attentive audiences. From causes, which it is not easy to 
trace, but among which, I believe, may be reckoned, a supersti- 
tious dread of the tendency of science to unfit young men for the 
ordinary details of business, this excellent institution fell imto 
decay. Mr. Henry, however, continued his lectures long after 
its decline, until deprived of the services of his son, by the pro- 
secution of views at a distance, when he found that his own 
leisure was not of itself adequate to the necessary preparations. 

That the scheme of establishing in Manchester a College of 
Arts and Sciences (for so it was entitled) was not a visionary 
project, but one which appeared feasible and promising to men 
of sense and knowledge at a distance, is shown by the following 
extracts from letters addressed to Mr. Henry, in reply to his 
communication of the plan. “ An attempt of this kind,” the 
late Dr. Currie, of Liverpool, observes, “‘ I think most praise- 
worthy ; and for this, however the matter may terminate, the 
projectors will always be entitled to public favour and esteem. 
it is a bold enterprize, and of course in some degree doubtful. 
One thing appears to me probable, that if the business is taken 
up as it ought to be by the public, you will soon find the propriety 
of extending your plan, so as to make it embrace every object 
of general education.” Mr. Wedgwood also strongly expressed 
his approbation of the undertaking. “ The plan of your Col- 
lege,” he says, “I think an excellent’ one; and from the 
populous and commercial state of your town—from the apparent 
utility of the mstitution—from the elegance and propriety with 
which it is announced—and from the known characters of the 
gentlemen who are engaged init, [ can scarcely entertain a doubt 
of its meeting with success.” Greater perseverance would, 
perhaps, have gradually softened, and finally subdued, the preju- 
dices that seem to have existed against the union of commercial 
with literary or philosophical pursuits—an union which, under 
proper regulation, adorns and dignifies the character of the 
merchant, without, it may be hoped, diminishing his usefulness, 
or interfering with the prosperous management of his affairs. 

. That there is indeed nothing essentially incompatible between 
the avocations of ordinary business and an occasional participa- 
tion in more enlarged pursuits, must be apparent to all who 
consider how great a share of the duties, even of some of the 
liberal professions, consists in a minute attention to technical 

‘details, and how often the professional man, familiar with the 

* See Dr. Percival’s eloquent address to Mr. Thomas Henry, Jun. on present- 
ing to him the silver medal of the Society,—(Memoirs of the Society, vol, ii, p, 513.) 
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‘investigation of general principles, and habituated to the 
indulgence of enlightened and comprehensive views, is compel- 
led, as Lord Bacon expresses it, “ to contract the sight of his 
mind as well as to dilate it.” It is, therefore, not unreasonable 
to expect that this intellectual habit may, in other persons, be 
reversed ; and that he whose attention is for the most part given 
to employments demanding no powers beyond those of patient 
industry, may occasionally, without detriment to his temporal 
concerns, take a wider range, and elevate his mind to the percep- 
tion of literary pleasures, or of the general truths of moral, intel- 
lectual, or natural science. 

It must, however, be acknowledged, that there is considerable 
danger, lest objects which ought to be held by young men 
devoted to active life as only of secondary importance should 
acquire an undue share of their estimation, and inspire a dis- 
relish for more necessary but less attractive occupations. . This 
alloy to the advantages of knowledge may, it appears to me, be 
avoided by carefully selecting such studies as may not be incon- 
sistent with the business of after life, and by pursuing them only 
to a prudent and temperate extent, estimating them indeed as 
we do those lighter ornaments of a building, which are of no 
value, excepting as they add grace and beauty to substantial 
and durable forms. More especially it seems to be important, 
as a safeguard against this apprehended abuse of learning, that 
there should early be mingled with its pursuit a due share of 
those employments which in future are to constitute the main 
business of life; and that those habits, both intellectual and 
moral, should be early and assiduously fostered, which are essen- 
tial to success in future commerce with the world, and to the 
acquirement of a moderate portion of its advantages. This 
rational and prudent alliance between the avocations that support 
and those that embellish and give zest to life was the utmost 
that was ever contemplated by the founders of an institution, 
which certainly deserved better success; and to which other 
establishments, since formed with the same views, but under 
happier auspices, in the metropolis and some commercial towns, 
bear, in their leading features, a striking resemblance. 

Besides the lectures on the general principles of chemistry, 
Mr. Henry delivered.a course on the arts of bleaching, dyeing, 
and calico-printing ; and to render tiis course more extensively 
useful, the terms of access to it were made easy to the superior 
class of operative artizans. It was at this period that the prac- 
tical application was made in France of a philosophical discovery 
to one of the arts which Mr. Henry was engaged in teaching, 
that shortened, by several weeks, the duration of its processes. 
In 1774, Scheele, a Swedish chemist, distinguished by the 
number and great importance of his contributions to chemical 
science, in the course of some experiments on manganese, dis- 
covered the substance known successively by the names of 
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dephtogisticated marine acid, oxymuriatic acid, and chlorine. 
During several years afterwards, its properties were not applied 
to any practical use, until its power of discharging vegetable 
colours suggested to M. Berthollet of Paris its employment i in 
the art of bleaching. The first successful experiments with that 
view were made by M. Berthollet in the year 1786, and with a 
liberality which confers the highest honour upon him he freely 
communicated his important results, not only to his philosophical 
friends, but to those who were likely to be benefited by them in 
practice. Among the former was Mr. Watt, of Bamingham, 
who happened at ‘thas time to be in Paris, andy “ho was the first 
person in this country to carry the discovery into effect, by 
bleaching several hundred pieces of linen by the new process at 
the works of a relative near Glasgow. Mr. Henry also, having 
reeeived an indistinct account of the new method, but not know- 
ing precisely 1 in what it consisted, immediately set about investi- 
eating the steps of the operation ; and in this he was fortunate 
enough to succeed. Soon afterwards, an attempt was made by 
some foreigners, who themselves had acquired their information 
from Berthollet, to turn the process to their own advantage by 
obtaining.a patent ; and having failed in that, by applying | fora 
parliamentary grant of an exclusive privilege of using it fora 
certain number of years. Against the former, a strong memorial 
(which is now before the writer) was presented by Mr. Henry to 
the Attorney and Solicitor-Generals ;* and effectual opposition 
was made to the latter, by a public meeting of the mhabitants 
of Manchester, on the ground that the whole process had been 
successfully carried into effect by Mr. Watt, Mr. Henry, and 
Mr. Cooper Bt 

Having satisfied himself of the practicability and advantages 
of the new method of bleaching by carrying it on upon a scale of 
sufficient extent, Mr. Henry prepared to embark in a much larger 
establishment for the purpose. The connexion, however, which 
he entered into with this view having disappointed his just 
expectations, and the further prosecution of it being inconsistent 
with his professional employments, he abandoned the project ; 
and contented himself with imparting the knowledge he had 
gained to several persons who were already extensively engaged 
in the practice of bleaching by the then established methods. 

Mr. Henry had now reached a period of life when the vigour 
of the bodily powers, and the activity of the mind, begin, in most 
persons to manifest a sensible decay. From this time, however, 

* As this is not the usual way of opposing the grant of a patent, it may be pro- 
per to state that the authority, from which I learn that the Memorial was actually 
presented, is aletter from the Solicitor who was employed on the occasion. 

+ The reader who is interested in the history of the introduction of chlorine and 
its compounds into use in bleaching, is referred to a note in Dr. Brewster's Edin- 
burgh Encyclopedia, art. Bleaching; to Dr. Thomson’s Annals of Philosaphy, 
vols, vi. and vii.; and to the article Bleaching in the Sa now publish- 
ing to the Enyclopedia Britannica. 
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though he did not embark in new experimental inquiries, yet he 
continued for many years to feel a warm interest in the advance- 
ment of science; and to maintain an occasional correspondence 
with persons highly eminent for their rank as philosophers, both 
in this and other countries.* His medical avocations had greatly 
increased, and for a further interval of 15 or 20 years, he had a 
share of professional employment which occupied by much the 
greater portion of his time. This, and the superintendence of 
some chemical concerns, prevented him from attempting more 
than to keep pace with the progress of knowledge. He was in 
no haste, however, to claim that exemption from active labour to 
which advanced age is fairly entitled; and it was not till a very 
few years before his death that he retired from the exercise of 
the medical profession. 

The summers of the years 1814 and 1815 weve spent by Mr. 
Henry in the country, a mode of life, which, now that his season 
of active exertion was passed, was peculiarly suited to him, not 
only by the tranquil retirement which: it afforded, but by its 
enabling him to indulge that sensibility to the charms of rural 
scenery, which, perhaps, can exist in perfection only in a pure 
and virtuous mind. His perception of these pleasures was at no 
period more lively than after he had entered his 8]st year. In 
a note addressed to the writer of these pages, in the autumn of 
1815, he describes, in animated language, one of those events 
which so agreeably diversify the face of nature in the country. 
“ Yesterday,’ he says, ‘‘ we had one of the most beautiful 
appearances in the garden I ever witnessed. Every leaf, every 
petal, every projecting fibre, was beset with a minute globule of 
water; and when the sun shone upon the flowers and shrubs, 
they seemed as if studded with myriads of bnilliants. The 
gossamer too with which the hedges were covered was adorned 
with the same splendent appendages. The cause,” he adds, 
“of this deposition of moisture must, I suppose, have been 
electrical.” 

The winter of the year 1815, which Mr. Henry passed in 
Manchester, was a season of greater suffering than was usual to 
him ; for though of a delicate constitution, yet he happily, even 
at this advanced time of life, enjoyed an almost entire exemption 
from painful diseases. During this winter, he was much 
distressed by cough and difficult breathing, and his bodily 
strength rapidly declined. In the spring of the following year, 
_he returned into the country, but not to the enjoyments which 
he had before derived from it. He was unable to take his 

* Aconsiderable collection of Jetters to Mr. Henry from persons of this descrip- 
tion has been preserved ; but the subjects of them have for the most part been long 
ago brought before the public by their respective writers, The letters are, there- 
fore, chiefly valuable to the family of the deceased, as unequivocal proofs of the 
respect and esteem felt towards him by those who were best qualified to judge of 
his merits. Many of themare from learned foreigners, with whom he had enjoyed 
epportunities of personal intercourse during their visits to Manchester. 
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customary walks, and was oppressed by feelings which induced 
him to look forwards to the close of life, with the certainty of 
its near approach, but with calm and dignified resignation. The 
event which he had anticipated, took place on June 18, 1816, 
when he had nearly completed his 82d year. 

In estimating the imtellectual character and attainments of the 
subject of this memoir, it 1s proper to revert to a period several 
years remote from the present, but still within the perfect recol- 
lection of many to whom these pages are addressed. At that 
time, the quality of Mr. Henry’s mind, which was perhaps most 
conspicuous, was a readiness of apprehension that enabled him 
to acquire knowledge with remarkable facility. To this was 
joined a quickness in his habits of association, peculiarly fitting 
him to perceive those analogies which in chemical investigations 
were chiefly relied upon as leading to the discovery of truth 
before it was sought to be established on the firmer basis of an 
accurate determination of quantities and proportions. Without 
claiming for Mr. Henry the praise of great original genius, we 
may safely assert for him a very considerable share of that 
inventive talent which is commonly distinguished by the term 
ingenuity. ‘This was especially displayed in the neatness and 
success with which he adapted to the purposes of experiment 
the simple implements that chance threw in his way ; for it may 
be proper to observe that, at no period of his life, was he in 
ossession ofa well-furnished laboratory, or of nice and delicate 

mstruments of analysis or research. With these qualifications, 
he united a degree of ardour in his pursuits which enabled him 
to triumph over obstacles of no trivial amount. And when it is 
considered that his investigations were carried on not with the 
advantages of leisure, ease, and retirement, but amidst constant 
interruptions, and with a mind harassed by frequent and painful 
anxieties, it will be granted that he accomplished much more 
than might have been expected from one so little favoured by 
external circumstances, 

The acquirements of Mr. Henry were not limited to that 
science in which he obtained distinction. It was the habit of 
his mind, when wearied by one occupation, to seek relief not in 
indolent repose, but in a change of objects. In medical know- 
ledge, he kept pace with the improvements of his time, and he 
occasionally, by original publications,* contributed to its advance- 
ment. He had a share of general information, and a flow of 
animal spirits, that rendered him an instructive and agreeable 
companion. ‘lo the rich sources of enjoyment which are opened 
by the productions of the fine arts, he was extremely sensible, 
not so much from an acquaintance with critical rules, as from a 
natural susceptibility of those emotions, which it is the object of 
the poet and the artist to excite. He had acquired, by the 

* Chiefly in the periodical journals, and in the transactions of some medical 
societies to which he belonged, 
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native strength of his memory, unassisted by any artificial 
arrangement, a knowledge of history, remarkable for its extent 
and precision ; and he was always eager to discuss those ques- 
tions of general policy which are to be decided partly by an 
appeal to historical evidence, and partly by a consideration of 
the nature of man, and of his claims and duties as a member of 
society. No representation of him would indeed be complete 
that failed to notice the animation with which he entered into 
arguments of this kind, or the zeal and constancy with which he 
defended his political opinions—opinions which, in him, were 
perfectly disinterested and sincere, but which perhaps disposed 
him to allow more than its due weight to the aristocratical part 
of our mixed government. It would be unjust to him, however, 
not to state, that no man could more cordially disapprove, or 
more unreservedly condemn, every unwarrantable exertion of 
power ; or could more fervently desire the extension of the bless- 
iags of temperate freedom to all mankind. It was this feeling 
that led him to use his strenuous exertions as a member of one 
of the earliest societies for procuring the abolition of the African 
Slave Trade ; and when that great object was at length accom- 
plished, he was affected with the most lively joy and gratitude 
on the downfal of a traffic which had long been a disgraceful ' 
stain ¢n our national character. 

Of sh moral excellencies there can be no inducement to offer 
an ove| charged picture to a Society by many of whose surviving 
membe's he was intimately known and justly appreciated. 
Foremc st among the qualities of his heart was a warmth of gene- 
rous em )tion which evinced itself in an enthusiastic admiration 
of virtut,; in an indignant disdain and unqualified reprobation of 
vice, Oj \ression, or meanness; and in the prompt and unre- 
strained) 2xercise of the social affections. In temper, he was 
frank, cc \fiding, and capable of strong and lasting attachments + 
quick, it 1ust be acknowledged, in his resentments ; but remark- 
ably plac ble and anxious whenever he thought he had inflicted 
a wound , > heal it by redoubled kindness. No man could be 
more fre¢ from all stain of selfishness ; more moderate in his 
desire of \ orldly success ; or more under the influence of habi- 
tual contel ment. This was in a great measure the result of his 
having eaky weighed the comparative value of the different 
objects of }e, and of his steady and consistent pursuit of know- 
ledge and vi-tue, as the primary ends of an intelligent being. 

In very advanced age, though his body twas enfeebled, his 
mind retained much of that wholesome elasticity and vigour 
which always belonged to it. He was still enabled, by the 
almost perfect preservation of his sight, to spend a great portion 
of every day in reading; but at this period he derived greater 
pleasure from works of literature than from those of science, and 
especially from his favourite study ofhistory. During the winter 
immediately preceding his death, beside several standard histo- 
nical works, he read with avidity one which had been recently 
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published; * and entered into a critical examination of its 
merits, with a strength of memory and judgment that would not 
have discredited the meridian of his faculties. In his moral 
character, no change was observable, except that a too great 
quickness of feeling, of which he had himself been fully con- 
scious, was softened into a serene and complacent temper of 
mind, varied only by the occasional glow of those benevolent 
emotions which continued to exist in him, with unabated ardour, 
almost to his latest hour. He still continued to receive great 
pleasure from the society of the young; and to them he was 
pomneny acceptable, from the kindness and success with which 
e studied to promote their rational enjoyments. It was his 

constant habit to take a cheerful view of the condition of the 
world ; and on all occasions, when the contrary opinion was 
advanced, to assert the superiority of the times in which he had 
grown old over the season of his youth, not only on the unques- 
tionable ground of an increased diffusion of knowledge, but on 
that of the wider spread of virtuous principles, and the more 
general prevalence of virtuous habits. 

Without encroaching on topics which are wisely forbidden by 
the rules of this Society, it may be permitted to me to state, 
that Mr. Henry was, from inquiry and conviction, a zealous advo- 
cate of christianity. About the middle period of life, a change 
of opinion led him to separate from the established church, to 
whose service he had early been destined ; and to join a congre- 
gation of protestant dissenters. But in discussing differences 
of religious belief, he was always ready to concede to others 
that free nght of judgment which he had claimed and exercised 
for himself; convinced, as he was, that no conclusion to which 
the understanding may be led in the honest and zealous search 
after religious truth can, without the highest injustice, be made 
the ground of moral crimination or reproach. 

ArTICLE II. 

A new Theory of Galvanism, supported by some Experiments and 
Observations made by Means of the Calorimotor, a new Galvanic 
Instrument ; also a new Mode of decomposing Potash extempo- 
raneously. Read before the Academy of ‘Natural Sciences, 
Philadelphia. By Robert Hare, M.D. Professor of Chemistry 
in the Medical Deparément of the University of Pennsylvania, 
and Member of several learned Societies. (With a Plate.) 

T nave for some time been of opinion that the principle extri- 
cated by the voltaic pile is a compound of caloric and electricitys 
both being original and collateral products of galvanic action. 

* Dr, Stanier Clark’s Life of James II. 
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The grounds of this conviction and some recent experiments 
confirming it are stated in the following paper. 

[It is well known that heat is liberated by voltaic apparatus in 
a manner and degree which has not been imitated by means of 
mechanical electricity ; and that the latter, while it strikes at a 
greater distance, and pervades conductors with much greater 
speed, can with difficulty be made to effect the slightest decom- 
positions. Wollaston, it is true, decomposed water by means of 
it; but the experiment was performed of necessity on ascale too 
minute to permit of his ascertaining whether there were any 
divellent polar attractions exercised towards the atoms, as in the 
case of the pile. The result was probably caused by mechanical 
concussion, or that process by which the particles of matter are 
dispersed when a battery is discharged through them. . The 
opinion of Dr. Thomson, that the fluid of the pile is in quantity 
greater, in intensity less, than that evolved by the machine, is 
very inconsistent with the experiments of the chemist above- 
mentioned, who, before he could efiect the separation of the 
elements of water by mechanical electricity. was obliged to con- 
fine its emission to a point imperceptible to the naked eye. If 
already so highly intense, wherefore the necessity of a further 
concentration? Besides, were the distinction made by Dr. Thom- 
son correct, the more concentrated fluid generated by a galvanic 
apparatus of a great many small pairs, ought most to resemble 
that of the ordinary electricity ; but the opposite is the case. 
The ignition produced by a few large galvanic plates, where the 
intensity is of course low, is a result most analogous to the 
chemical effects of a common electrical battery. According to 
my view, caloric and electricity may be distinguished by the 
following characteristics. The former permeates all matter more 
or less, though with very different degrees of facility. It radiates 
through air, with immeasurable celenty, and distributing itself 
in the interior of bodies, communicates a reciprocally repellent 
ower to atoms but not to masses. Electricity does not radiate 

m or through any matter; and while it pervades some bodies, as 
metals, with almost infinite velocity ; by others, it is so far from 
being conducted that it can only pass through them by a fracture 
or perforation. Distributing itself over surfaces only, it causes 
repulsion between masses, but not between the particles of the 
same mass. The disposition of the last mentioned principle to 
get off by neighbouring conductors, and of the other to combine 
with the adjoming matter, or to escape by radiation, would pre- 
vent them from being collected at the positive pole, if not in 
combination with each other. Were it not for a modification of 
their properties consequent to some such union, they could not, 
in piles of thousands of pairs, be carried forward through the 
open air and moisture; the one so well calculated to conduct 
away electricity, the other so favourable to the radiation of 
caloric. 

Vou. XIV. N° III. M 
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Pure ciectricity does not expand the slips of gold leaf, between 
which it causes repulsion, nor dees caloric cause any repulsion in 
the ignited masses which it expands. But as the compound 
fluid extricated by galvanic action, which I shall call electro- 
caloric, distributes itself through the interior of bodies, and is 
evidently productive of corpuscular repulsion, it is in this respect 
‘more allied to caloric than to electricity. 

It is true that when common electricity causes the deflagra- 
tion of metals, as by the discharge of a Leyden jar, it must be 
supposed to insinuate itself within them, and cause a reaction 
between their particles. But in this case, agreeably to my 
hypothesis, the electric fluid combines with the latent caloric 
previously existing there, and, adding to its repulsive agency, 
causes if to overpower cohesion. 

_ Sir Humphry Davy was so much at a loss to account for the 
continued ignition of wire at the poles of a voltaic apparatus, 
that he considers it an cbjection to the materiality of heat ; 
since the wire could not be’imagined to contain sufficient caloric 

‘to keep up the emission of this principle for an unlimited time. 
But if we conceive an accumulation of heat to accompany that 
of electricity throughout the series, and to be propagated from 
‘one end to the other, the explanation of the phenomenon in 
question is attended by no difficulty. vale 

The effect of the galvanic fluid on charcoal is very consistent 
with my views, since, next to metals, it is one of the best 
‘conductors of electricity, and the worst of heat, and would, 
therefore, arrest the last, and allow the other to pass on. Though 
peculiarly liable to intense ignition, when exposed between the 
poles of the voltaic apparatus, it seems to me it does not display 
this characteristic with common electricity. According to Sir 
Humphry Davy, when in connexion with the positive pole, and 
communicating by a platina wire with the negative pole, the 
latter is less heated than when, with respect to the poles, the 
situation of the wire and charcoal is reversed. The rationale is 
obvious : charcoal, being a bad conductor, and a good radiator, 
prevents the greater part of the heat from reaching the platina, 
when placed between it and the source’whence the heat flows. 

J had observed that as the number of pairs in Volta’s pile had 
been extended, and their size and the energy of interposed 
agents lessened, the ratio of the electrical effects to those of heat 
had increased ; till in De Luc’s column they had become com- 
pletely predominant; and, on the other hand, when the pairs 
were made larger and fewer (as in Children’s apparatus), the 
calorific influence had gained the ascendancy. I was led to go 
further in this way, and to examine whether one pair of plates of 
enormous size, or what might be equivalent thereto, would not 
exhibit heat more purely, and demonstrate it equally, with the 
electric fluid, a primary product of galvanic combinations. The 
elementary battery of Wollaston, though productive of an eva- 
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nescent ignition, was too minute to allow him to make the 
observations which [ had in view. 

Twenty copper and twenty zinc plates, about 19 inches 
Square, were supported vertically in a frame, the different metals 
alternating at one half inch distance from each other. All the 
plates of the same kind of metal were soldered to a common 
slip, so that each set of homogeneous plates formed one conti- 
nuous metallic superticies. When the copper and zinc surfaces 
thus formed are united by an intervening wire, and the whole 
immerged in an acid, or aceto-saline solution, in a vessel devoid 
of partitions, the wire becomes intensely ignited; and when 
hydrogen is liberated, it usually takes fire, producing a very 
beautiful undulating or corruscating flame. 

1 am confident, that if Volta and the other investigators of galvanism, instead of multiplying the pairs of galvanic plates, had sought to increase the effect by enlarging one pair as { have done (for I consider the copper and zinc surfaces as reduced to two by the connexion), the apparatus would have been considered as presenting a new mode of evolving heat as a primary effect independently of electrical influence. There is no other indica~ tion of electricity when wires from the two surfaces touch the tongue than a slight taste, such as is excited by small pieces of zinc and silver laid on it and under it, and brought into contact with each other. 
It was with a view of examining the effects of the proximity and alternation in the heterogeneous plates that I had them cut into separate squares. By having them thus divided, I have been enabled to ascertain that when all of one kind of metal are ranged on one side of the frame, and all of the other kind on the other side of it, the effect is no greater than might be expected from one pair of plates. 

_ Volta, considering the changes consequent to his contrivance as the effect of a movement in the electric fluid, called the pro- cess electro-motion, and the plates producing it electro-motors. But the phenomena show that the plates, as I have arranged them, are calori-motors, or heat movers, and the effect calori- motion. That this is a new view of the subject, may be inferred from the following passage in Davy’s Elements, That great chemist observes, “ When very small conducting surfaces are used for conveying very large quantities of electricity, they become ignited ; and of the different conductors that have been compared, charcoal is most easily heated by electrical discharges,* next iron, platina, gold, then copper, and lastly zinc. ‘The phenomena of electrical ignition, whether taking place in gaseous, fluid, or solid bodies, always seem to be the result of a violent exertion of the electrical, attractive, and repellent powers, which may be connected with motions ot the 
* The concluions are drawn from experiments made by the electricity of the voltaic apparatus. 
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particles of the substances affected. That no subtile fluid, such 
as the matter of heat has been imagined to be, can be discharged 
‘from these substances, in consequence of the effect of the elec- 
tricity, seems probable, from the circumstance that a wire of 
platina may be preserved in a state of intense ignition in vacuo, 
by means of the voltaic apparatus, for an unlimited time; and 
such a wire cannot be supposed to contain an inexhaustible 
quantity of subtile matter.” 

But | demand where are the repellant and attractive powers 
to which the ignition produced by the calorimotor can be attri- 
buted ? Besides, I would beg leave respectfully to inquire of this 
illustrious author, whence the necessity of considering the heat 
evolved under the circumstances alluded to as the effect of the 
electrical fluid; or why we may not as well suppose the latter 
to be excited by the heat? It is evident, as he observes, that a 
wire cannot be supposed to contain an inexhaustible supply ef 
matter however subtile ; but wherefore may not one kind of 
subtile matter be supplied to it from the apparatus as well as 
another? Especially, when to suppose such a supply is quite 
as inconsistent with the characteristics of pure electricity as with 
those of pure ‘caloric. 

It is evident from Mr. Children’s paper, in the Annals of 
Philosophy, on the subject of his large apparatus, that the igni- 
tion produced by it was ascribed to electrical excitement. 

For the purpose of ascertaining the necessity of the alterna- 
tion and proximity of the copper and zinc plates, it has been 
mentioned that distinct square sheets were employed. The 
experiments have since been repeated and found to succeed by: 
Dr. Patterson and Mr. Lukens, by means of two continuous 
sheets, one of zinc, the other of copper, wound into two concen- 
tric coils or spirals. This, though the circumstance was not 
known to them, was the form I had myself proposed to adopt, 
and had suggested as a convenient for a galvanic apparatus to 
several friends at the beginning of the winter; * though the 
consideration above stated induced me to prefer for a first expe- 
riment a more manageable arrangement. 

Since writing the above, I find that when, in the apparatus of 
20 copper and 20 zine plates, 10 copper plates on one side are 
connected with 10 zinc on the other, and a communication made 
between the remaining 20 by a piece of iron wire, about the 
eighth of an inch in diameter, the wire enters into a vivid state 
of combustion on the immersion of the plates. Platina wire 
be to No. 18 (the largest I had at hand) is rapidly fused if 
substituted for the iron. 

This arrangement is equivalent toa battery of two large galva- 
nic pairs, excepting that there is no insulation, all the plates 

* Especially to Dr, T. P. Jones and Mr, Rubens Peale, who remember the 
suggestion, : 
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being plunged in one vessel. I have usually separated the pairs 
by a board, extending across the frame merely. : 

Indeed when the 40 plates were successively associated in 
pairs of copper and zinc, though suspended in a fluid held in a 
common recipient without partitions, there was considerable 
intensity of galvanicaction. This shows that, independently of 
any power of conducting electricity, there is some movement in 
the solvent fluid which tends to carry forward the galvanic prin- 
ciple from the copper to the zine end of the series. I infer that 
electro-caloric is communicated in this case by circulation, and 
that in non-elastic fluids the same difficulty exists as to its retro- 
cession from the positive to the negative end of the series, as is 
found in the downward passage of caloric through them. 

It ought to be mentioned, that the-connecting wire should be 
placed between the heterogeneous surfaces before théir immer- 
sion, as the most intense ignition takes place immediately 
afterwards. If the connexion be made after the plates are 
immersed, the effect is much less powerful ; and sometimes after 
two or three immersions, the apparatus loses its power, though 
the action of the solvent should become in the interim much 
more violent. Without any change in the latter, after the plates 
have been for some time suspended in the air, they regain their 
efficacy. I had observed in a galvanic pile of 300 pairs of two 
inches square a like consequence resulting from a simultaneous 
“immersion of the whole. (See Plate XCVI, fig. 3.) The bars 
holding the plates were balanced by weights, as window sashes 
are, so that all the plates could be very quickly dipped. A platina 
wire, No. 18, was fused into a globule, while the evolution of 
potassium was demonstrated by a rose-coloured flame arising 
from some potash which had been placed between the poles. 
The heat, however, diminished in a few seconds, though the 
greater extrication of hydrogen from the plates indicated a more 
intense chemical action. 

Agreeably to an observation of Dr. Paterson, electrical 
excitement may be detected in the apparatus by the condensing 
electroscope, but this is no more than what Volta observed to be 
the consequence of the contact of heterogeneous metals. 

The thinnest piece of charcoal intercepts the calorific agent, 
whatever it may be. In order to ascertain this, the inside of a 
hollow brass cylinder, having the internal diameter two inches, 
and the outside of another smaller cylinder of the same sub- 
stance, were made conical and correspondent, so that the 
greater would contain the less, and leave an interstice of about 
one-sixteenth of an inch between them. ‘This interstice was 
filled with wood, by plugging the larger cylinder with this mate- 
rial, and excavating the cing till it would permit the smaller 
brass cylinder to be driven in, ‘The excavation and. the fitting 
of the cylinders was performed accurately by means of a turning 
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lathe. The wood in the interstice was then charred by exposing 
the whole covered by sand in a crucible to a red heat. The 
charcoal, notwithstanding the shrinkage consequent to the fire, 
was brought into complete contact with the inclosing metallic 
surfaces by pressing the interior cylinder further into the exte- 
rior one. 

Thus prepared, the exterior cylinder being made to touch one 
of the galvanic surfaces, and a wire brought from the other 
galvanic surface into contact with the outside cylinder, was not 
affected in the least, though the slightest touch of the interior 
one caused ignition. The contact of the charcoal with the con- 
taining metals probably took place throughout a surface of four 
square inches, and the wire was not much more than the hun- 
dredth part of an inch thick; so that unless it were to conduct 
electricity about 40,000 times better than the charcoal, it ought 
to have been heated, if the calorific influence of this apparatus 
result from electrical excitement. 

I am led finally to suppose that the contact of dissimilar metals, 
when subjected to the action of solvents, causes a movement in 
caloric as well as in the electric fluid, and that the phenomena of 
galvanism, the unlimited evolution of heat by friction, the extri- 
cation of gaseous matter without the production of cold, might 
all be explained by supposing a combination between the fluids 
of heat and electricity. We find scarcely any two kinds of 
ponderable matter which do not exercise more or less affinity 
towards each other. Moreover, imponderable particles are 
supposed highly attractive of ponderable ones. Why then should 
we not infer the existence of similar affinities between imponder- 
able particles reciprocaily ? That a peculiar combination between 
heat and light exists in the solar beams is evident from their not 
imparting warmth to a lens through which they may pass, as do 
those of our culinary fires. 

Under this view of the case, the action of the poles in galvanic 
decomposition is one of complex affinity. The particles of com- 
pounds are attracted to the different wires agreeably to their 
susceptibilities to the positive and negative attraction, and the 
caloric leaving the electric fluid with which it had been com- 
bined unites with them at the moment that their electric state is 
neutralized. 

As an exciting fluid, I have usually employed a solution of 
one part sulphuric acid and two parts muriate of soda, with 70 
of water; but, to my surprize, | have produced nearly a white 
heat by an alkaline solution barely sensible to the taste. 

For the display of the heat effects, the addition of manganese, 
red lead, or the nitrates, is advantageous. 

The rationale is obvious. The oxygen of these substances 
prevents the liberation of the gaseous hydrogen, which would 
‘carry. off the caloric ; adding to diluted muriatic acid, while act- 
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ing on zinc, enough red lead to. prevent. effervescence, the 
temperature rose from 70 to 110 Fahr. 

The power of the calorimotor is much increased by having the 
communication between the different sheets formed by very 
large strips or masses of metal. Observing this, | rendered the 
sheets of copper shorter by half an inch for a distance of four 
inches of their edges, where the communication was to be made 
between the zinc sheets ; and, vice versa, the zinc was made in 
the same way shorter than the copper sheets where these were 
to communicate with each other. The edges of the shortened 
sheets being defended by strips of wood, tin was cast on the 
intermediate protruding edges of the longer ones, so as to 
embrace a portion of each equal to about one quarter of an inch 
by four inches. On one side, the tin was made to run completely 
across, connecting at the same time 10 copper and 10 zinc 
sheets. On the other side, there was an interstice of above a 
quarter of an inch left between the stratum of tin embracing the 
copper and that embracing the zinc plates. On each of the 
approaching terminations of the connecting tin strata was 
soldered a kind of forceps, formed of a bent piece of sheet brass, 
furnished with a screw for pressing the jaws together. The 
distance between the different forceps was about two inches. 
The advantage of a very close contact was made very evident by 
the action of the screws; the relaxation or increase of pressure on 
the connecting wire by turning them being productive of a 
correspondent change in the intensity of ignition. 

It now remaits to state, that by means of iron ignited in this 
apparatus, a fixed alkali may be decomposed extemporaneously. 
{f a connecting iron wire, while in combustion, be touched by 
the hydrate of potash, the evolution of potassium is demonstrated 
by a rose-coloured flame. The alkali may be applied to the wire 

‘in small pieces in a flat hook of sheet iron. But the best mode 
of application is by means of a tray made by doubling a slip of 
sheet iron at the ends, and leaving a receptacle in the centre, in 
which the potash may be placed covered with filings. This tray 
being substituted for the connecting wire, as soon as the immer- 
sion of the apparatus causes the metal to burn, the rose-coloured 
flame appears; and if the residuum left in the sheet iron be 
afterwards thrown into water, an effervescence sometimes 
ensues. 

I have ascertained that an iron heated to combustion by a 
blacksmith’s forge fire will cause the decomposition of the 
hydrate of potash. 

The dimensions of the calorimotor may be much reduced 
without proportionably diminishing the effect. I have one of 
60 plates within a cubic foot, which burns off No. 16, iron wire. 
A good workman could get 120 plates of a foot square within a 
hollow cube of a size no larger, But the inflammation of the 
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hydrogen, which gives so much splendour to the experiment, 
can only be exhibited advantageously on a large scale. 

—=— 

Explanation of the Plate. 

Aa, fig. 1, two cubical vessels, 20 inches square, inside ; 
660 db, a frame of wood containing 20 sheets of copper and 20 
sheets of zinc, alternating with each other, and about half an inch 
apart ; TT ¢ ¢, masses of tin cast over the protruding edges of 
the sheets which are to communicate with each other. 

Fig. 2, represents the mode in which the junction between the 
various sheets and tin masses is effected. Between the letters 
x %, the zinc only is in contact with the tin masses. Between cc, 
the copper alone touches. It may be observed, that at the back 
of the frame, 10 sheets of copper between cc and 10 sheets of 
zine between z z are made.to communicate by a common mass of 
tin, extending the whole length of the frame, between T T; but 

_in front, as in fig. 1, there 1s an interstice between the mass of 
tin connecting the 10 copper sheets and that connecting the 10 
zinc sheets. ‘The screw forceps, appertaining to each of the tin 
masses, may be seen on either side of the interstice ; and like- 
wise a wire for ignition held between them. The application of 
the rope, pulley, and weights, is obvious. The swivel at S 
permits the frame to be swung round and lowered into water in 
the vessel a, to wash off the acid, which, after immersion in the 
other vessel, might continue to act on the sheets, encrusting 
them with oxide. Between p p there is a wooden partition 
which is not necessary, though it may be beneficial, 

Fig. 3, represents an apparatus alluded to, p. 181. It consists 
of a couronne des tasses, reduced to a form no less compact than 
that of the trough ; hollow parallelopipeds of glass are substituted 
for tumblers or cells, The plates are suspended to bars counter- 
poised like window sashes, * 

The advantages are as follows. The material is one of the 
best non-conductors, is easily cleansed, and is the most imper- 
vious to solvents. The fracture of one of the cups is easily 
remedied by a supernumerary. They may be procured (as in 
the United States) where porcelain cannot be had. The shock 
from 300 pairs is such as few will take a second time, some of 
the effects have already been stated. 
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Articie [I]. 

On the Construction of Sails. By Col. Beaufoy, F.R.S. 
(With a Plate.) 

(To Dr. Thomson.) 
-MY DEAR SIR, Bushey Heath, July 20, 1819. 

SHOULD you think the accompanying paper on the Construc- tion of Sails worthy a place in the Annals of Philosophy, you will much oblige me by its insertion. ; 
) I remain, my dear Sir, 

Very sincerely yours, 
Mark Beavroy. 

The generality of vessels being impelled by wind, it is a most important circumstance in naval mechanics that sails be so made as to produce the greatest effect ; for should they be improperly constructed, the ship-builder will, to little purpose, have exerted his skill in giving the hull of the vessel the most advantageous form for dividing the water. The time most important that sails should be scientifically made is when beating to windward, especially off a lee shore, as the safety of the vessel and cargo, and, what is of much more consequence, the lives of the crew, may entirely depend on their action. 
itis not my intention to write a treatise on sail making, or to describe their variety of shapes ; I shall, therefore, confine my remarks to those sails technically termed fore and aft saus, and the form in which I conceive they ought to be made to enable them to expose a flat surface to the wind, and which I have prac- tised with success. 
When sails are to be made, the first operation is to cut cloth by cloth, the width being regulated by the length of the yard, boom, gaff, or stay, and the depth by the height of the mast; the most simple mode of forming the sail is by sewing the selvages of the canvass together, and making the seams rectilineal, as represented in P]. XCVI, fig.4; but as sails when large, and con- structed of canvass alone, are not sufficiently strong to resist the impulse of a powerful wind, the edges are usually surrounded with cordage, called bolt-ropes, to diminish the strain, and prevent renting. When sewing on the bolt-rope, it is neces- sary to gather up at the head and fore leech about one-seventh of the canvass, by which means in hoisting and Spreading the head of the sail, the stress is transferred from the canvass to the cordage ;* but a sail thus made will not, when set, expose a plane surface to the wind; for, besides being concave, some of the cloths in the after-leech will have the effect of back sails, which impedes the vessel’s progressive velocity, and materially augments the leeway. To remedy this two-fold disadvantage, 

* To the fore and afier-leech, there should be the same length of bolt-rope as fanvase, in other words, no part of the canvass should be gathered in, 
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it is proposed to give the sails a circular shape, as represented 
im fig. 5, which may be done in the following manner: The 
hoist of the sail, A B (fig. 4), the spread of the head, B C, the 
length of the after-leech, C D,* the dimensions of the curved 
part (called the roach), D E, and the versed sine, A Z (fig. 5), 
being fixed, proceed to calculate the radius of a circle that will 
pass through the three points, C Z D, by dividing the square of 
half the chord by the versed sine, and to the quotient adding the 
versed sine, and half the sum is the radius. In this case, A Z 
is one foot, C D 22 feet 1 inch, or 22°0833 ; the halfis 11-0416; 
the square 121-93 ; to the number add 1; and as an unit neither 
divides nor multiplies, half the sum, 61-465 feet, is the radius. 
On the radius from Z towards p, set off in succession the width 
of the canvass of which the sail is to be made, deducting the 
breadth of the seam, and through these points draw the requisite 
number of concentric circles, intersecting the roach, A D, gaff, 
CB, and mast, BA, and the length of the different gores will 
be obtained by measurement. The distance between the head 
and foot, of the sail must next be ascertained in those places 
where the concentric circles cross it, which distances are the 
chords of the different ares. With these chords and the radii 
calculate the lengths of the respective arcs, and the differences 
between the lengths of the chords and the lengths of the ares 
is the quantity of canvass to be gathered up in the inner edge 
when sewing it to the next cloth; and similar operations are to 
be performed until the sail be completed. The following table 
may be found useful in illustrating my meaning. 

’ 

Cloths! Radii. |Circumfer, Chords. Angles. |LengthofAres.| Diff. 
—_—_ 

Feet. Feet, Feet, In. t Fect. In. Inches. 
61-465 386-20 22 1 20° 41‘ 10) 22 997 1:27. 
60°450 379°82 21 8% |20 41 10/| 21 9-80 1°30 
59-435 373°44 CH es 20" 85" TO 2S) Pear 1°2] 
58-420 367-06 20 Il 20:37, 30), 2hy, 0°34 1:24 
577405 360°68 20° 43 20 27 10; 30 588 113 
56-390 354°30 19 10 20 15 30 19 11°16 1:16 
55375 347°92 19 3 20 Ol 10 19 © 415 1-15 
54-360 341°54 1s 8 19 46 30 18. 9:02 1:02 
53°345 33536 Isic 2 19 36: 30 18 3°00 1°00 

10 52-330 328-78 ibe abel 3 oly lo LO: 17 6°96 0°96 
11 51-315 322°40 16 10 1g 52 30 16 10°74 0-74 
lg 50°300 316:02 IGin 2 18 29 10-| 16. 249 0:79 
13 49285 309°64 Lay hi 1s 11 30 15 17°68 0:68 

0 

0 
1 
iT 

0 

9 
1 

CBSA u OND 

14 48-270 30326 13-1 16 28 30] 13 10°45 0-45 
15 A7°255 296°88 12°*1 15° 36 30) -12 10°38 0°38 
16 46°240 290°50 10 12. 31 10; 10 1:20 0°20 
17 45°225 284°12 8 10.15, 10.) .10,,.53:07 0°0T 
18 44°210 2717°74 6 7 AT 00 6 0:06 0:06 
19 43°195 271°36 3 4 58 30 3. 9-00 0-00 
20 42°180 264°98 1 2 08 30 1 7:00 0:00 

————————— 

1 2 3 4 5 6 7 

* The mainsail when hoisted appears to most advantage when the after-leech is 
sufficiently long to permit the gaff to be parallel to the fore-part of the jib. 
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Column 1] contains the number of cloths which compose the 
sail; 2. The radii of the concentric circles: 3. The circumfer- 
ences of the circles; 4. The length of the chords of the circular 
segment; 5. The angles subtended by the chords; 6. The length 
of the arcs ; and 7. ‘The differences between the length of each 
chord, and its respective arc, which is the quantity of canvass 
to be gathered in at the seams. Column 2 is formed by conti- 
nually subtracting the width of the canvass 1-015 from the 
radius of the after-lecch, 61-465 ; and column 3, by deducting 
the constant quantity, 6°38, the diminution of the peripheries. 
Such were the construction of the sails of my land-sailing 
machine,* which, in an open and extensive meadow, with a 
moderate breeze, and five points from the wind, required a 
gallop to keep pace with it. 

The versed sine of the mainsail is 10° 21’, but in sails made 
with canvass, No. 1 or No. 2, it is probable that the versed sine 
might be increased to 12 degrees without danger of the after- 
leech fiapping ; for the larger the versed sine, the better the sail 
will set, provided it be not so great as to produce the above- 
mentioned disadvantage. 

The length of the chord and versed sine in degrees being 
given, the length of the versed sine and radius may be calculated 
from a table of natural sines, cosines, and versed sines, as fol- 
lows : Suppose the chord of the after-leech to be 70 feet, and 
the versed sine 12 degrees, the natural versed sine of 12 degrees 
is ‘021852, the natural cosme °97815, the natural sine ‘20791, 

radius being unity : -20791: 35 (1) :: 021852 : 3:6786 =3 feet 
8-14 in. the versed sine ; 20791 : 35 :: 197815 : 333-01, then 

=: partes 3°68 is 168-34 feet the radius. To describe in the usual 

manner a circular segment whose semidiameter amounts to 168 
feet, in confined places is impossible: some other means must, 
therefore, be adopted, and it may be performed two ways: 
first, mechanically ; and secondly, by finding a number of points 
and uniting them together by means of a flexible piece of wood, 
for which an eligible rule is givenin Mr. Mungo Murray’s book 
on naval architecture. The former method is frequently used by 
carpenters, joiners, and other artizans, and is as follows: An 
isosceles triangle is made of wood, whose base contains the num- 
ber of feet and inches as the chord of the arc to be described, 
and whose altitude is equal to the versed sine of the arc; three 
pins are then put on the board, or paper, on which the segment 
1s to be traced, one pin at each end of the chord, the third on 
the extremity of the radius; a pencil is next applied to the vertex 
of the triangle, and the whole made to slide on the three pins, 
and the segment is traced. It is evident that it would be an 

* The quantity of canyass in the three sails measured 312 superficial feet, 
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improvement if a machine was contrived to which could be 
adapted avariety of segments ; and such an object, 1 conceive, 
might be obtained by having the oblique sides made of light 
materials, and united by a hinge, and a brace furnished with a 
screw and clamp being placed transversely, one end turning on 
a centre in one leg, and the other extremity sliding in the oppo- 
site leg. The triangle might be opened or shut the requisite 
distance, and fastened. 

Stay-sails designed to be carried on a wind ought not to be 
cut with a square tack, the stay beimg a fixture on which the 
sails turn. One with a square tack is quadrilateral ; it is, there- 
fore, evident, if the materials of which the sail is composed be 
inflexible, a sail of this figure, when confined in three points, 
must remain parallel to the vessel’s keel, and consequently pro- 
duce no other effect than that of driving it bodily to leeward ; nor 
will the custom of carrying the tack to windward render a sail 
of this form so efficacious in producing a progressive velocity as 
one of a triangular shape. 
‘Formerly, it was usual to have a reef in the topsails to let out. 

when running large, and it is reasonable to suppose some good 
purpose was to be answered in adopting a plan so inconvenient 
when suddenly obliged to haul on a wind, as the sail must be 
reefed before hoisted. Two circumstances, in my opinion, 
contribute to make a swelling sail, when running large, produce 
a greater effect than a flat one; first, because the wind is com- 
pressed in the hollow or concave part ; and secondly, the convex 
part passes more readily through the stagnant air in front of the 
sail; and I am confirmed in this idea from rough experiments 
made with a concave cylinder, open at one end, and closed at the 
other. I found that when the open end was exposed to the 
wind, it was more resisted than when the other end received the 
shock. The annexed table shows the resistance of air in ounces 
avoirdupois, of a cylinder 13-541 inches in diameter and altitude, 
when exposed to the impulse in the direction of its axis, and 
likewise when placed in a vertical position. 

Velocity in feet per second. 4 8 “10 12 16 20 

Position of the (Horizontal] 0°485° | 2-024 | 3-206 | 4-668 | 8-445 | 13°378 
cylinder. 2Vertical...| 0°352 | 1-126 | 1-631 | 2:213 | 3-576 | 5189 

—— — 

Difference] 0°133 | 0°898 | 1:575 | 2-455 | 4:869 | 8189 

Consequently, as the resistance of the cylinder sideways is so 
much less than that it encounters endways, it is evident that the 
bellying of the sail is advantageous to the sailing of the ship 
when before the wind. 

In small sails, where strength is not of so much consequence, 
it would be preferable to have the cloths horizontal instead of 
vertical, as is plainly shown by ships’ ensigns and flags in general; 
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the selvages of the bunting being always placed in the first post- 
tion, which causes them to blow out without bagging. 

It would be a two-fold improvement, if, in running large, the 
sheet of square sails was eased off; namely, first, the better division 
of the stagnant air in front; and secondly, the sails not being so 
violently stretched, they would stand better on a wind. 

ARTICLE IV, - 

Researches on some important Points of the Theory of Heat.* 
By MM. Petit and Dulong. (Presented to the Academy of 
Sciences on April 12, 1819.) 

Tue considerations founded on the laws relative to the propor- 
tions of chemical compounds enable us to form respecting the 
constitution of bodies, ideas which, though arbitrarily established 
im several points, cannot, however, be regarded as absolutely 
vague and sterile. Convinced hkewise that certain properties of 
matter would present themselves under more simple forms, and 
could be expressed by more regular and less complicated laws, 
if we could refer them to the elements upon which they imme- 
diately depend, we have endeavoured to introduce into the study 
of some of the properties which appear more intimately connected 
with the individual action of the material molecules, the most 
certain results of the atomic theory. The success which we 
have already met with makes us hope not only that this kind of 
consideration may contribute materially to the further progress of 
physics ; but that the atomic theory itself will receive from it a 
new degree of probability, and will from it derive sure methods 
of determining the truth among different hypotheses all equally 
probable. 

Among the properties of matter to which the considerations 
just mentioned are applicable, we shall choose, in the first 
place, as having more particularly fixed our attention, those 
which depend upon the action of heat. By directing our obser- 
vations in a suitable manner, we have been led to discover 
simple relations between phenomena, the connexion of which 
had not been previously attended to; but the numerous points 
of view under which these phenomena may be examined, giving 
to our researches an extent which does not permit us to embrace 
the whole at one time, we have thought that it might be useful 
at a to make known the results to which we have come. © 

‘hese first results relate to specific heats. The determination 
of this important element has been, as is well known, the object 

* Translated from the Annales de Chimie et Physique, x. 396: 
3 . 



190 Petit and Dulong onsomeimportant Points [SErr. 

of the labours of many philosophers, who have extended to a 
great number of bodies the methods which they have either 
contrived or improved. Several of them have likewise endea- 
deavoured to confirm, by their-own experiments,-some conse- 
quences deduced from the notions which they have formed to 
themselves of the nature of heat, and of its mode of existence in 
bodies. Accordingly Irvine and Crawford, admitting that the 
quantity of heat contained in bodies is proportional to their 
capacity, have concluded, that whenever the specific heat of a 
compound is greater or less than the sum of the specific heats of 
its elements, there ought to take place at the instant of combina- 
tion either an absorption or disengagement of heat; but this 
principle, which lrvine had already applied to the circumstances 
which accompany the changes in the state of aggregation, and 
which Crawford made the basis of his theory of animal heat, is 
in opposition with too many facts to be adopted. The same is 
the case with a very ingenious hypothesis proposed by Mr. 
Dalton. According to the ideas of this celebrated philosopher, 
the quantities of heat united to the elementary particles of the 
elastic duids are the same for each. Hence we may, setting out 
from our knowledge of the number of particles contained in the 
same weight or the sane volume of the different gases, calculate 
the specific heats of these bodies. This Mr. Dalton has done ; 
but the numbers which he obtained, and those likewise deduced 
from several other better founded hypotheses on the constitution 
of gases, are so inconsistent with experiment that it is impossible 
for us not to reject the principle upon which such determinations 
are founded, which Dalton has presented merely in a theoretic 
manner. The attempts hitherto made to discover some laws in 
the specific heats of bodies have then been entirely unsuccessful. 
We shall not be surprized at this if~ve attend to the great mac- 
curacy of some of the measurements ; for if we except those of 
Lavoisier and Laplace (unfortunately very few) and those by 
Laroche and Berard for elastic fluids, we are forced to admit 
that the greatest part of the others are extremely inaccurate; as 
our own experiments have informed us, and as might indeed be 
concluded from the great discordance in the results obtained for 
the same bodies by ditierent experimenters. It 1s not uncommon, 
for example, to meet with numbers in the best tables three or 
four times as great as they ought to be. 

Our first care then was necessarily directed to what could 
render the measurements that we were to use as accurate as 
possible. Among the methods of determining the capacities of 
bodies, those in which the melting of ice or the mixture of bodies 
‘with water.is employed, may doubtiess, when properly conducted, 
lead to very exact results; butthe greater number of thesubstances 
on which itis indispensable to operate can rarely be obtained in 
sufficient mass to enable us to apply. either of these methods. It 
was necessary, therefore, to have recourse to a different method. 

6 
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The one which we have chosen appears to us to unite all the 
requisite conditions. : 

it is founded upon the laws of cooling. It is known that 
there exist between the velocity of cooling of different bodies 
placed in the same circumstances and the specific heats of the 
same bodies, relations, in consequence of which the ratio of the 
capacities may be deduced from that of the times of cooling. 
The first application of this principle was by Mayer, who satisfied 
himself that the capacities determined in this ,way differ little 
from those obtained for the same bodies by the method of mix- 
twe. Mr. Leslie, who has adopted the method of Mayer, has 
pointed out an additional precaution, of which the latter did not 
suspect the necessity ; namely, to enclose the body on which 
we operate in an envelope, which mugt be always the same, in 
order to avoid the error which would result from any inequality 
in the radiating power of the surfaces. But the most important 
of all the causes of uncertainty, and to which neither Mayer nor 
Leslie paid any attention, is that which results from the unequal 
conductibility of the substances compared with each other. The 
influence of this cause is so much the less, the smaller the volume 
is of the bodies operated upon, and the slower the heat makes 
its escape from it. Our object then must be to fulfil these two 
conditions ; but it is difficult to reconcile them, because when 
we diminish the mass of a body, we augment the velocity with 
which its heat is dissipated. However, by endeavouring to unite 
all the causes which contribute to retard the cooling of a given 
mass, we are enabled, as the experiments have shown, to place 
it in such circumstances that the difference in the conductibility 
of the substances operated on has no longer any sensible influence 
on the measure of the capacities. 

The first method which presents itself for attaining that end is 
not to begin the observation till the temperature of the body is 
only a few degrees higher than that of the surrounding bodies. 
Accordingly all our experiments were made in an interval of 
temperature included between 10° and 5° centigrade of excess 
above the ambient medium. It is indispensable to measure the 
changes of temperature with the greatest possible care; for even 
a slight error in the estimation might occasion a great mistake 
in the result which it is the object to obtain. By operating, as 
we have said, at the same temperature for all the bodies, we avoid 
errors resulting from the graduation of the thermometer; and by 
observing this instrument through a glass, we can increase the 
size of its degrees so much as not to commit an error exceeding 

' the 50th of a degree, which occasions a. degree of uncertainty 
respecting the specific heat that may be overlooked. It is well 
known that all these precautions would be delusive if the temper- 
ature of the ambient medium were not rigorously the same in 
each case, and during the total duration of every experiment ; 
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but this condition was likewise fulfilled, for the body was always 
plunged into a vessel, the sides of which were blackened inte- 
riorly, and covered on all parts with a thick coating of melting 
ice. 

To this first method of diminishing the rate of cooling, with- 
out any diminution of the requisite accuracy, we added another, 
the influence of which we could calculate from our knowledge of 
the laws of the communication of heat. It results from these 
laws that the velocity of coolmg of a body may, ceteris paribus, 
be considerably diminished when its surface possesses but a very 
weak radiating power, and is plunged in an air very much 
dilated. To realize these circumstances, we resolved to operate 
upon solid bodies only in a state of very fine powder. 1n this 
state they were contained, and strongly pressed into a cylindrical 
vessel of silver very thin, very small, and the axis of which was 
occupied by the reservoir of the thermometer that served to 
point out the rate of cooling. This vessel was then placed in the 
centre of the vessel; and the air contained in it was dilated till 
its tension did not exceed two millimetres ; and care was taken 
to reproduce the same vacuum in each experiment. 

By the precautions just stated, we succeeded in making the 
cooling of very small bodies exceedingly slow, and consequently 
easy to observe with precision. ‘To give an idea of the limit 
which we have obtained in this respect, it may be sufficient to 
say, that when we measured the capacities of the densest bodies, 
such as gold and platinum, the masses on which we operated did 
not exceed the weight of 30 grammes ; and that in the cases in 
which the cooling was most rapid, its duration was not less than 
15 minutes. 

It would now be requisite to give the formula which served for 
the calculation of the observations ; but the details into which 
we should be obliged to enter respecting the manner of making 
the different corrections depending on the method of proceeding 
would lead us into a discussion which we reserve for the publi- 
cation of the definitive results of ali the direct experiments which 
we have made on the subject. We shall add only a single 
remark, that having compared the specific heats thus obtained 
for the worst conductors with those given by the method of 
mixture, or by the calorimeter, the remarkable agreement has 
afforded the most convincing proof of the accuracy of the process 
which we have adopted. 
We shall now present in a table the specific heat of several 

simple bodies, restricting ourselves to those results about which 
we entertain no doubt. 

= Oe 

“ae 
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Product of the 
Weight of theatoms,| weight of each 

Roeser al dint, of oxygen| atom by the cor- 
of water being 1. being 1. responding capa- 

city. 

Bismuth. .... 0:0288 13-300 0°3830 
2 ae 0:0293 12-950 0:3794 
as 0-0298 12°430 0°3704 
Platinum .... 0:0314 11-160 0:3740 
BMS oso a 99 7 00514 7°350 0:3779 
SEVER 3. c'5.5'3'6 0:0557 . 6°750 0°3759 
po ets Bes 0:0927 4-030 0°3736 
Tellurium .... 0-0912 4-030 0°3675 
Copper ...... 0-0949 3°957 0°3755 
igkel.... :. 0°1035 3°690 0-3819 
BP sw 5 o's 0°1100 3°392 0°3731 
Cobalt ...... 0-1498 2460 0:3685 
Sulphar..... 0-1880 * 2-011 03780 

To make the law intelligible, which we propose to make known, 
we have joined, in the preceding table, to the specific heats of 
the different bodies, the relative weights of their atoms. These 
weights are deduced, as is known, from the ratios observed, be- 
tween the weights of the elementary substances that unite 
together. The care taken for some years in the determination 
of the proportions of most chemical compounds can only leave 
slight uncertainties with respect to the data which we have 
employed ; but as no precise method exists of discovering the 
real number of atoms of each kind which enter into a combina- 
tion, it is obvious that there must always be something arbitrary 
in the choice of the specific weight of the elementary molecules ; 
but the uncertainty can be only in the choice of two or three 
numbers which have the most simple relation to each other. 
The reasons which have directed us in our choice will be suffi- 
ciently explained by what follows. We shall satisfy ourselves 
at present with saying, that there is none of the numbers on 
which we have fixed which does not agree with the best esta- 
blished chemical analogies. 
We may now, in consequence of the data contained in the 

preceding table, calculate easily the ratio which exists between 
the capacity of atoms of a different kind. We may remark, that 
in order to pass from the specific heats furnished by the obser- 
vations to those of the particles themselves, it is sufficient to 
divide the former by the number of particles contained in the 
same weight of the substances which we compare; but it is 
clear that the number of particles for equal weights of matter are 
reciprocally proportional to the density of the atoms. We shall 

, obtain, therefore, the result wanted by multiplying each of the 
Vor. XIV. N° III. N 
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capacities deduced from experiment by the weight of the corre- 
sponding atom. These different products are contained in the 
last column of the table. : 

The simple inspection of these numbers exhibits an approxi- 
mation too remarkable by its simplicity not to immediately 
recognize in it the existence of a physical law capable of being 
generalized and extended to all elementary substances. These 
products, which express the capacities of the different atoms, 
approach so near equality that the slight differences must be 
owing to slight errors either in the measurement of the capaci- 
ties, orin the chemical analyses ; especially, if we consider that 
in certain cases these errors derived from these two sources may 
be on the same side, and consequently be found multiplied in- 
the result. The number and diversity of the substances on 
which we operated not permitting us to consider the relation 
thus pointed out, as simply accidental, we are authorized to 
deduce from them the following law : 

The atoms of all simple bodies have exactly the same capacity 
for heat. 

If we recollect what has been said above respecting the kind 
of uncertainty which exists in fixing the specific weight of the 
atoms, it will be easy to conceive that the law which we have 
just established will change if we adopt for the density of the 
particles, a supposition different from-that which we have 
chosen ; but in all cases the law will exhibit a simple ratio 
between the weights and the specitic heats of the elementary 
atoms ; and it is obvious that when we had to choose among 
hypotheses equally probable, we were naturally led to decide in 
favour of that which established the most simple relation between 
the elements which we compared. 

But whatever opinion be adopted respecting this relation, it 
will enable us hereafter to control the results of chemical analy- 
sis ; and in certain cases will give us the most exact method of 
arriving at the knowledge of the proportions of certain combina- 
tions ; but if, in the subsequent part of our experiments, no fact 
occur to invalidate the probability of the opinion, which we 
entertain at present, we shall find in this method the advantage 
of fixing in a certain and uniform manner the specific weight of 
the atoms of all simple bodies that can be subjected to direct 
observations. . 

The law, which we have announced, appears to be indepen- 
dent of the form which bodies affect, provided always that we 
consider them in the same circumstances. 

This at least is a congequence deducible from the experiments 
of MM. Laroche and Berard on the specific heat of the gases. 
The numbers which they give for oxygen and azotic gases do not 
differ from what they ought to be to agree accurately with our 
law, except by a quantity less than the probable errors of such 
experiments. The number relative to hydrogen, it is true, is 

— 
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rather too small ; but on examining with attention all the correc- 
tions which the authors were obliged to make on the immediate 
results of their observations, it is easy to see that the rapidity 
with which hydrogen gas cools down to the temperature of the 
surrounding bodies, compared with other elastic fluids, ought 
necessarily to introduce into the determination relative to that 
gas an maccuracy from which they did not attempt to free it. 
By taking into consideration this cause of error, we are enabled 
to explain the difference alluded to without being obliged to make 
any forced supposition. 

The law of specific heats being thus established for elementary 
bodies, it became very important to examine, under the same 
point of view, the specific heats of compound bodies. Our pro- 
cess applying indifferently to all substances, whatever be their 
conductibility or state of aggregation, we had it in our power to 
subject to experiment a great many bodies whose proportions 
may be considered as fixed ; but when we endeavour to mount 
from these determinations to that of the specific heat of each 
compound atom by a method analogous to that which we 
employed for the simple bodies, we find ourselves soon stopped 
by the number of equally probable suppositions among which we 
must choose. If the method of fixing the weight of the atoms 
of simple bodies has not yet been subjected to any certain rule, 
that of the atoms of compound bodies has been, @ fortiori, 
deduced from suppositions purely arbitrary. But instead of 
adding our own conjectures to those which have been already 
advanced on the subject, we choose rather to wait till the new 
order of considerations which we have just established can be 
applied to a sufficiently great number of bodies, and in circum- 
stances sufficiently varied that the opinion adopted may be 
founded on decisive conclusions. We shall satisfy ourselves with 
saying, that in abstracting every particular supposition, the obser- 
vations which we have hitherto made tend to establish this 
remarkable law ; viz. that there always exists a very simple ratio 
between the capacity of the compound atoms and that of the 
elementary atoms. 
We may likewise deduce from our researches another very 

important consequence for the general theory of chemicalactions, 
that the quantity of heat developed at the instant of the combi- 
nation of bodies has no relation to the capacity of the elements ; 
and that in the greatest number of cases this loss of heat is not 
followed by any diminution in the capacity of the compounds 
formed. hus, for example, the combination of oxygen and 
hydrogen, or of sulphur and lead, which produces so great a 
quantity of heat, occasions no greater alteration in the capacity 
of water or of sulphuret of lead than the combination of oxygen. 
with copper, lead, silver, or of sulphur, with carbon, produces in 
the capacity of the oxides of these metals, or of carburet of 
sulphur. : 

N2 
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It would be very difficult to reconcile these facts with the ideas 
generally received respecting the production of heat in chemical 
phenomena ; for in order to do so, it would be necessary to 
admit the very improbable supposition that heat exists in 
bodies in two very different states, and that the portion which 
we consider as united to the particles of matter is entirely inde- 
pendent of the specific heats. Besides, there is so much vague- 
ness and incoherence in the explanations relative to the kind of 
phenomena of which we speak. There exist with respect to 
them opinions so different that they cannot be subjected to a 
regular discussion, nor exposed to a complete refutation. But, 
perhaps, it will not be useless to recall in a few words the prin- 
cipal facts and the inductions belonging to this important part 
of science. 

Of all the chemical actions considered as sources of heat, none 
has been recognized till very lately, except combustion. It would 
be useless to look for a plausible theory for this mode of the 
production of heat before the epoch marked by the memorable 
discoveries of Lavoisier. This illustrious chemist having more 
particularly studied the action of oxygen in the state of gas, he 
formed an opinion respecting the cause of the phenomenon in 
question naturally suggested by the observations of Black on 
latent heat. Hence the idea that the heat disengaged during 
combustion comes from the change of state of the oxygen. The 
determination which he made, together with M. Laplace, of the 
quantities of heat disengaged by the combustion of several sub- 
stances appeared to furnish a powerful argument in favour of his 
conjectures. Experiment showed that when the same quantity 
of oxygen was united successively with phosphorus, hydrogen 
and carbon, it disengaged more heat in the first case than in the 
second, and more in the second than in the third. This was 
what might have been concluded from the theory, since the 
result of the first combustion is solid, that of the second liquid, 
and that of the third gaseous. But on considering that the two 
elements which concur to form water lose both the gaseous state, 
and that notwithstanding the heat developed is less than what 
results from the combustion of phosphorus naturally solid, it 
was necessary to conclude that the latent heat of oxygen must 
be superior to that of the other elastic fluids. Another difficulty 
soon after presented itself. Nitric acid in which the oxygen has 
already lost the form of an elastic fluid, and still more nitre, 
which is ina solid state, produce, when decomposed by combus- 
tibles, quantities of heat very little different from that which 
would be produced by a weight of gaseous oxygen equal to that 
which they contain. This observation, which ought to have 
excited doubts respecting the primitive explanation, only 
restricted its generality. lt was then supposed that in certain 
combinations the oxygen was capable of retaining a dose of heat 
almost as great as that which it contains when in the elastie 

7 
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state. Some facts more lately observed could not be explained 
according to the theory without admitting that the oxygen con- 
tained in certain combinations retained a quantity of heat 
superior to that which it contains when in the elastic state. Such 
are the detonations produced by mixtures of chlorate of potash 
with certain combustibles, or the spontaneous explosions of the 
euchlorine of Davy, and of the chloride and iodide of azote. 

This explanation was afterwards extended to all combinations, 
and it was considered as a principle sufficiently established that 
a body in combining with a certain number of others might 
abandon a more or less considerable part of its heat, according 
as in each case the different degrees of affinity of the elements 
in contact occasioned the molecules to approach more or less 
nearly to each other. It is the degree of this approach, essen- 
tially variable, which has been denoted by the word condensation, 
so frequently employed in the language of chemistry. 

Such is the theory almost generally adopted in France. 
Several foreign chemists have pointed out its inaccuracy, and 
have modified it in different points, but without producing any 
conclusive proof either against the opinion which they combat, 
or in support of that which they wish to substitute in its place. 
We see then that the different explanations relative to the 

development of heat in chemical combinations are reducible to 
simple assertions derived from the first hypothesis of Lavoisier. 
it is astonishing that since the time in which this doctrine origi- 
nated, it has not been subjected to a more rigid examination ; 
and that even from the results already known, all the arguments 
have not been drawn against it which they are capable of fur- 
nishing. We conceive that the relations which we have pointed 
out between the specific heats of simple bodies and those of 
their compounds prevents the possibility of supposing that the 
heat developed by chemical actions owes its origin merely to the 
heat produced by changes of state, or to that supposed to be 
combined with the material molecules. We have still a better 
reason to reject this purely gratuitous hypothesis, as we can 
explain the phenomenon in a much more satisfactory manner, 

Tn fact Davy has long ago shown that when the two poles of 
a voltaic pile are united by means of pieces of charcoal placed 
in a gas incapable of supporting combustion, the charcoal may 
be kept in a state of violent ignition as long as the pile remains 
in activity, and without the charcoal undergoing any chemical 
change. On the other side, we are warranted to conclude from 
a great number of galvanic experiments made by Hisinger and 
Berzelius, and by Davy, that all bodies which combine are, with 
respect to each other, at the moment of combination precisely 
im the same electric conditions as the two poles of the pile. Is 
it not then probable that the cause which produces the incan- 
descence oF the charcoal in the fine experiment just mentioned 
is likewise the cause of the greater or less elevation of tempera- 
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ture of a body during the act of combination? This conclusion at 
Jeast is founded on the strongest analogies, and ought to be 
followed through all its consequences. 
We are far from pretending that the changes of constitution, 
which are the result of chemical combinations, have no part in 
the development of the heat which accompanies them. We mean 
to say merely that in very energetic combinations this cause 
produces in general but a very small part of the total effect. 
We cannot pass in silence, in terminating this memoir, another 

very important application to which the exact knowledge of the 
specific weight of the atoms will lead. If, as we have reason to 
expect, we succeed by the foregoing considerations to determine 
this element with accuracy, we may, setting out from the proper 
densities of bodies, calculate the ratios which exist between the 
distances of their atoms. But it is easy to see how important it 
will be in a great many physical theories to be able to establish 
a comparison between the distances of the particles and certain 
phenomena, which it is natural to suppose connected with this 
new element. It is, for example, by examining the question of 
dilatations under this new point of view that we may expect to 
arrive at simple laws, at present altogether unknown. Some 
trials made on the observations. of different philosophers, and 
upon some of our own made with a different object, lead us to 
consider it as very probable that there exists a simple relation 
between the dilatability of liquids and the distances of their 
particles. The fine observations of Gay-Lussac on the identity 
of the contractions of carburet of sulphur and alcohol, setting 
out from their respective boiling points, support our opinion ; 
for these two liquids present this remarkable particularity, that 
at the temperatures in which they were compared, the distances 
between their particles are almost exactly the same. But before 
prosecuting the researches on this subject, it is necessary to 
elucidate as much as possible the question of specific heats, and 
to deduce from it all the consequences to which it may lead 
relative to the knowledge of the constitution of bodies. 

ARTICLE V. 

On the Herculanean MSS, &c. By J. Murray, Esq. 

(To Dr. Thomson.) { 
SIR, London, June 7, 1819. 

THERE are none who entertain a higher opinion of the talents 
of Sir H. Davy than myself, but I shall only bend to the autho- 
rity of great names when my own experience confirms the 
speculations in which they sometimes wish to indulge. Sir 

6 
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Humphry tells us the papyri of Herculaneum were never acted 
on by fire, and that the consolidation of the tuifa and infiltration 
of water have converted them into a state analogous to peat or 
Bovey coal. To those who have seen the MSS. at the Studii of 
Naples, a similar conclusion must be obvious. The brown 
colour of the papyrus contrasted with the jet-black letters of the 
MSS. leads us to believe that the temperature at least has not 
been sufficient to convert it into a perfect charcoal. 
Nothing can be more grossly absurd than the idea which refers 

the destruction of Herculaneum to a wave of the sea. Such 
persons tell us that /apil/o is constantly forming on the shores 
of the gulphs of Naples similar to that which ruined the cities of 
Herculaneum and Pompei. I can, however, assure you that 
there is no such exhibition. In descending from the declivity 
of Monte Somma to the Fosso grande, I passed through a section 
of ashes which I consider to be the very same with those which 
overwhelmed the two celebrated cities in question. The follow- 
ing is the opinion of Cheval. de la Condamine (see Remarks, &c. 
1768) : “‘ The substance which fills the inside of the city was 
never melted nor liquid; but is an immense amassment of ashes, 
earth, gravel, sand, coal, pumice stones, and other substances, 
launched up from the mouth of the volcano at a time of its 
explosion, and fallen down all around it. These at first buried 
all the buildings, and afterwards by degrees got into the inside 
of them by their own weight, and the drift of winds and rain, 
and lastly, by the falling in of the roofs and floors. This 
mixture, clung together by the infiltration of waters, became 
condensed by time, forming a kind of sand-stone, more or less 
hard, but easily penetrable.” I was particular in my observa- 
tions of Herculaneum, and the opinion | formed of the pheno- 
menon was precisely that of Sir H. Davy, so corroborative of that 
of de la Condamine. 1 also compared this tuffa with that m 
other parts around Vesuvius, and their identity is not with me a 
subject of question. I might add, that the superior proximity 
of Herculaneum compared with Pompei would subject the former 
to torrents more dense and terrible than those lighter materials 
which would be transported toward Pompei. We are informed 
by Tacitus, that the volcano in the dreadful eruption of 79 . 
changed its scite and aspect; and Horace relates that then 
Vesuvius was rent in two places, and discharged immense tor- 
rents .of flame. Herculaneum is in a very humid situation 
compared with Pompei, and is much more exposed than that 
city to infiltration of water. Its present very moist condition 
pares the fact. Perhaps too, torrents of mud and water, as 
requently occur in the volcanoes in the range of the Cordilleras, 
may have issued from one of the craters formed ; and though it 
might inundate Herculaneum, could not be carried as far as 
Pompei. I must, however, suppose that the ashes, though not 
incandescent, were of a highly elevated temperature. 
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I am quite, however, at a loss to comprehend that position of 

Sir H. which applies to Pompei. In this he states that the 
papyri were found reduced to ashes, or earthy matter, and 
ascribes this to the constant contact of air permeating the loose 
coverlet of Pompei. But it is yet to be proved that the semple 
contact of utr, even for a series of ages, will cause charcoal to 
assume a volatile form. 

I found in Pompei a mass of iron with ashes adhering to it 
which had evidently undergone fusion; the heat, therefore, I 
think, must have been considerable, sufficient surely to convert 
he flimsy leaves of Egyptian papyri to ashes. Moreover, cotton- 
wick, oil, even bread, and other matters, have been discovered 
in this city completely carbonized; and this may easily be 
ascribed to their peculiar situation, or difference in mass, &c. or 
the unequal pressure or density of the ashes which covered 
Pompei. Those which were excluded from the free atmosphere 
would be charred, and remain in that form; whilst other vegetable 
or animal matters incinerated in contact with air would be 
reduced to earthy matter. Permit me now to quote the opinion 
of Abbé Romanelii on this subject: << Tutti gli oggetti, che 
fuorono dalle materie roventi attacati, si calcinarono, e finanche 
le statue di bronzo, e di marmo: gli alteri, che non toccati po- 
tettero resistere, si conservarono perfettamente. Tra questi 
dobbiam riporre i papyr?, che solamente incarboniti dal’ attivita 
del calore, han poi potuto resistere all’ umido del terreno: 
cid che non é avvenuto né a Pompei, ne ad altre sepolte citta, 
nelle quali i papyrt dall’ umido carrotti si non trovati in cinere 
convertiti.” é 

From a careful survey of the ashes which buried Pompei, | 
conceive that a whirlwind may have been caused by the extreme 
rarefaction of the atmosphere in consequence of the increment 
of heat. This may serve to account for some irregularities in 
the deposition of the ashes, In the section of ashes at the 
amphitheatre, the strata dip from N.N.W. to. 8.S.E. butin other 
parts incline more to N. In some of the recent excavations in 
the houses, the ashes dip from W. to E. The ashes on the floor 
of the arena of the amphitheatre do not exceed the size of a pea. 
Yn the section already referred to, the ashes vary from the form 
of dust to the size of a pea, and then to that of the fist, or 
more; over the pumice, which consists of angular fragments, rests 
a film, then succeed ashes formed of heterogeneous materials, 
some of them dense and heavy, and over all a stratum of fine 
powder consolidated by water. 

Pompei is built on a current of lava containing considerably 
sized crystals of leucite, or amphigene. 

Perhaps you are not aware that the Baron de Zach has proved 
by direct experiment that the temples of Pompei are not oriented, 
as the opinion of Vitruvius and others would lead us to infer, 
He has also determined the latitude of Pompei to be 
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40° 44’ 59:93”. His repeating circle was planted in the temple 
of Isis. 

I am not aware that the method of making the papyri from the 
cyperus papyrus is generally known. Modern papyri have been 
lately made by Cavaliere Landulina, at Syracuse, in Sicily. Thin 
fresh slices of the medulla or pith are brought in contact trans- 
versely, and the whole is subjected to considerable pressure 
when the edges cohere. ; 

Sir H. Davy does not consider it proper to publish the method 
he adopts, or what he employs; but I think it is clear, froma 
simple inspection of the Herculanean MSS, that concentrated 
ether, or even absolute alcohol, might be employed with success. 

I have the honour to be, Sir, your most humble servant, 
J. Murray.’ 

ArticLe VI. 

Descriptions of the new Species of Animals discovered by his 
Majesty’s Ship Isabella, in a Voyage to the Arctic Regions. 
By Dr. W. E. Leach.* 

Type. VERTEBROSA. 

Class MAMMALIA. 

Genus Canis, of authors (Dog). 

A variety approaching to the wolf in many points of external 
character and in voice, was found in a domestic state amongst 
the inhabitants of Baffin’s Bay. The great toe on the hinder 
feet is wanting. Dr. Blainville supposes it to be the origin of 
the wolf-dog (the chien-loup of the French). 

Genus Lepus, of authors (Hare). 

Species Glacialis. Albus, vertice et dorso pilis nigricante- 
fuscis albo-fasciatis sparsis, collo lateribus nigricante alboque 
mixtis, auribus apice extremo nigris. : 

This animal, which will neither agree with the Lepus albus of 
Brisson, nor the Lepus variabilis of Pallas, both of which are 
now before me, is of the size of the common hare (Lepus timi- 
dus), and of a white colour. The back and top of the head are 
ae with blackish-brown hair, which is banded with white; 
the sides of the neck are covered with hairs of the same colour, 
interspersed with white. The extreme tips of the ears are tipped 
with black, intermixed with white ; the insides of the ears have 
a few black hairs mingled with the white. 

* From “ A Voyage of Discovery made under the Orders of the Admiralty, 
in his Majesty’s Ships Isabella and Alexander, for the Purpose of exploring 
Baflin’s Bay, and inquiring into the Probability of a North-West Passage. By 
John Ross, K, S, Captain, KRuyal Navy.” Second Edition. In Two Volumes, 
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I am sorry that the skeleton (which would, in all probability, 
have furnished a good specific distinction), was not brought 
home. 

Class Aves (Birds). 

Genus Uria, of authors (Guilemot). 

Species Francsii. Rostro breviusculo crasso: mandibula 

superiore subarcuata apice abrupté acuminato. 
Color albus: Dorsum perfusco-nigram: Ale pallidé nigri- 

cantes : Gula fuscesente-brunnea: Rostrum nigrum; mandibula 

inferior ad angulum inferiorem striga albida: Pcdes nigri. 

I first received this species from F, Franks, Esq. who took it 

off Ferroé, and named it after him, exhibiting a specimen of the 

bird, under the name U. Francsii, together with one- of Uria 

Troile, and drawings of both species, to the Linnean Society in 

December. A notice of this bird, under the name of U. Francsiz, 

is published in Thomson’s Annals of Philosophy for January 

last ; it has since been republished in the first edition of Capt. 

Ross’s voyage. It was sent home by all the ships employed in 

the northern expedition, under the name Troile ; and it was even 

received as such, and believed to be no other, by the collectors 

of birds in this country. I was the first who perceived the 

distinction, and that too without comparison, and I instantly 

endeavoured to convince those who entertained doubts on the 

subject. Notwithstanding this, Capt. Sabine who sent it home 

to his brother J. Sabine, Esq. as the Trove, and who first learned 

from me that it was a distinct species, has, without any refer- 

ence whatever to what I had told him, proposed to name it after 

an ornithologist, who was ignorant enough to describe it under 

the name of Troile, and to give the true Toile (one of the most 

common and best known of the European birds) under a new 

name ! 
Type MOLLUSCA. 

Class PTEROPODA. 

Genus Clio (Pallas). 

Species Borealis. 9 
This species occurred in great profusion in Baffin’s Bay. 

Genus Limacina (Cuvier). 

Species Arctica.—Argonauta Arctica, O. Fabricit. 
This, likewise occurred in“enormous quantities, but not one 

specimen reached England with its shell entire. 

Class GASTEROPODA. 

Genus Margarita (Leach). 

Char. Testa anfractibus subinflatis; Spira tenuiter elevata : 

Apertura rotundata tenuis, interné imperfecta : Umbilicus per- 

fectus profundus : Operculum rotundatum, nucleo centrali. 
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Species 1. Arctica, purpurascente-carnea tenuiter striolata, 
operculo testaceo. 

Baffin’s Bay, Capt. Ross, Capt. Sabine. 
Species 2. Sériata, anfractibus longitudinaliter striatis et 

obliqué autiquatis. 
Baflin’s Bay, Mr. Beverly. 

Genus Natica (Lamarck). 

Species 1. Beverlii, spira elevatiuscula, anfractibus superiori- 
bus convexiusculis. 

Baffin’s Bay, Mr. Beverly. 
Species 2. Fragilis, spira feré obsoleta, testa fragillissima, 

operculo hyalino. 
Baffin’s Bay, amongst the soundings taken up by Capt. Ross’s 

instrument. 

Genus Buccinum, of authors. 

Species 1. Boreale, purpurascente-brunneum, anfractibus 
cancellato-striolatis, supra abbreviato costatis, lineis prominulis 
1-canaliculatis spiraliter ascendentibus. 

Baffin’s Bay, on Hare Island, Mr. Beverly. 
The canal of the anterior part of the shell is of a moderate 

length. ; 
Species 2. Rossii, anfractibus tribus basilaribus transversim 

costatis : tertio costis superné imperfectis, anfractibus apicalibus 
simplicibus glabris. 

Baffin’s Bay, Mr. Beverly. 
This species resembles at first sight Bucciznum Bamffium 

(murex Bamffius, Donovan), but it may readily be distinguished 
by the number of costated whirls, Bamffium always having the 
four basal ones ribbed.* 

Class Concua. 

Family I—PuoLtapipm? 

Genus Pholeobia (Leach). 

Char. Testa elongata, porticé clausa anticé hians: cardo 
edentulus : Ligamentum exterius prominens. 

Species Rugosa.—Myrtillus rugosus, of English authors. 

Family Il.—Myavx? 

Genus Pandora (Lamarck). 

_ Species Glacialis, antice rotundata obtusa, dentibus cardina- 
libus crassissimis. Taken up with soundings in Baffin’s Bay. 
Received also from Spitzbergen. 

“© Mr. Beverly communicated to me an Achatina, which he found on an island in 
Baffin’s Bay, and as it is a tropical genus, I cannot refrain from noticing so extra- 
ordinary an occurrence, 
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In its general form it is allied to my Pandora obtusa; (Solen 
Pinna, Mont.) a species nct uncommon in the Sound of Ply- 
mouth, but it may be readily distinguished by the superior size 
of the teeth of the hinge. 

Family 11].—VeENeErID&. 

Genus Macoma (Leach). 

Char. Testa compressiuscula equivalvis, clausa, longior 
quam alta: Umbo postice vix prominens : Cartilago externa : 
valva dextra dentibus 2 fissis, sinistra dente 1 integro. 

Species Tenera, concentricé elevato-striolata, epidermide 
viridescente-lutea. Lat. 76° N.; long. 76° W. Taken up with 
the soundings. Received also from the coast of Spitzbergen. 

Genus Crassina (Lamarck). 

Species 1. Scottca.—Venus, Scotica Maton and Racket. Lat. 
62° N.; long. 62°. Taken up in 80 fathoms water. It differs 
in no respect from those taken on the southern coast of Devon- 
shire, excepting in being rather smaller. 

Species 2, Semisulcata, concentricé striolata ante medium 
usque ad umbones sulcata. The colour is much darker than in 
C. Scotica. A broken specimen only occurred in Baffin’s Bay, 
but several in good pease an were found amongst soundings on 
the coast of Spitzbergen. 

Genus Nicant1a (Leach). 

Char. Testa triangulato-orbicularis, equivalvis, clausa : 
Umbo prominens: cartilago externa: Valva dextra dente uno 
valido bifido ; sinistra dentibus duobus integris divaricatis. 

Species 1. Banksti, glabriuscula polita, sub umbonibus 
impresso-excavato. Baffin’s Bay, amongst soundings. Received 
also from the Spitzbergen coast. 

Species 2. Siriata, concentricé striata, sub umbonibus cor- 
dato-impressa. Lat. 76° 42’ N.; long. 76° W. 

Family [V.—Pinnip&. 

-Genus Modiola (Lamarck). 

Species 1. Arctica, alta, radiatim late striata. Baffin’s Bay, 
on Hare Island, and among soundings. 

Species 2. Discrepans.—Mytilus discrepans (Montagu). 
A fragment of a large specimen differing in no degree from 

those of Scotland, occurred amongst the soundings from Baftin’s 
Bay. 

Genus Mytilus (of authors). 

Species Pe/lucidus (Pennant). 
Found on Hare Island, by Mr. Beverly. 
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Class Bracuiopopa (Cuvier). 

Genus Terebratula (of authors). 

Species Substriata, testa radiatim et concentricé striolata. 
Lat. 76° N.; long. 76°55’ W. amongst soundings. 

Type ANNULOSA. 

Class CirriPEDEs (Cuvier). 

Genus Balanus (of authors). 

Species Arcticus, testis costato-elevatis: costis irregularibus 
rudis, interstitiis lamellato-striatis. Baffin’s Bay, on the rocks, 
common, Mr. Beverly. Unfortunately the operculum of this fine 
species was lost. 

, Class CRUSTACEA. 

Genus Hippolyte (Leach). 

Species Having mislaid the specimen, I cannot give a 
description of it. 

Genus Gammarus (Latreille). 

Species 1. Sabini, segmentis dorsalibus posticé falcato-pro- 
ductis. 

Baflin’s Bay, Capt. Sabine. 

Class ANNELEIDEs (Cuvier). 

Genus Nereis (Linné). 

Species Phyllophora, ore edentulo, pedibus basi lamellis 
foliosis instructis. Baffin’s Bay. 

Genus Lepidonotus (Leach). 
Species Rossii, pedibus densissimé testaceo-hirsutis, squamis 

dorsalibus cerulescente-griseis. Baffin’s Bay, amongst sound- 
ings. 

Dentalium, of authors. 
; Species Striatulum, subcurvum longitudinaliter elevato-lineo- 
atum. 
Lat 62° N.; long. 62° amongst the soundings. 

Type RADIATA. 

Class EcuINoDERMATA. 

= Gorgonocephalus (Leach), 1815. Euryale (Lamarck), 

Species Arcticus, corpore supra glabro radiatim costato : costis 
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tuberculatis, radiis longissimis, tenuibus, supra granulatis ; arti- 
culis (apicalibus preesertim) distinctissimis. : 

Expansion two feet. Baffin’s Bay. Capt. J. Ross. 

Type AMORPHA. 

Class ACELEPHE. 

The endless variety of this class received were so contracted 
by the spirit as to render it impossible for me even to guess at 
the genera to which they belong. Observations on these 
animals whilst living, accompanied by accurate drawings, are 
quite necessaty to render the preserved specimens of any degree 
of use ; and it is to be greatly regretted, that no naturalist, capa- 
ble of performing these indispensable parts of his duties, accom- 
panied the expedition. 

ArticLe VII. 

On the American Mode of increasing Heat. By J. Murray, Esq. 

(To Dr. Thomson.) 
SIR, London, June 22, 1819, 

From the account I read of the “ American Tar and Water 
Burner,” in the January number of the Annales de Chimie, I but 
ill understood it ; and M. Gay-Lussac, in his Sceptical Remarks 
on its Phenomena, seems to combat with a similar difficulty, 
closing his commentary with remarking, that spirits of turpen- 
tine heated to some degrees about 212° Fahr. will yield a consi- 
derable flame, when a current of aqueous vapour or even azote is 
projected along with it. This celebrated chemist seems at once 
to deny and admit the fact, but it does appear that the commu- 
-nication to him has been attended with misrepresentation. It 
was from No. 252 of the Philosophical Magazine that I first 
gleaned correct information on the subject; and as it tends to 
solve some phenomena which appear to me inexplicable without 

-it, I shall consider no apology necessary for introducing the 
question in this place. It appears from M. Samuel Morey’s 
account, that if steam and the vapour of tar, &c. be suffered to 
escape together through a pipe, that the flame is wonderfully 
increased, shooting out many hundred times its former bulk, 
even to an extent of two or three feet. If the vapour of ether 
and alcohol, &c. be accompanied by steam, I find that the flame 

_is likewise much enlarged. I had noticed also that the jet of 
condensed oxygen and hydrogen, when flowing from the crifice 
of the blow-pipe, gave but a very minute flame, so long as the 
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cistern was void of water, and that when water.was placed in 
the safety cell, it was enlarged. it requires also to be occa- 
Sionally replenished ; and I could not find that the small portion 
driven by the retrogression of the flame into the reservoir was any 
equivalent for the quantity supplied. When oil is made to sub- 
stitute the water, it too disappears, the flame is not so intense, 
and carbonaceous matter is found in contact with the escape 
pipe; in both cases there is probably a partial decomposition; 
hence an attenuation of intensity of flame. When oil is used, 
carbonic oxide or carburetted hydrogen would certainly, by 
mingling with the condensed oxygen and hydrogen, have this 
direct tendency. 

You are aware that about two miles from Pietramala there isa 
constant evolution of carburetted hydrogen, described so long 
ago as 1776 by J. J. Ferber, and the following are his words : 
“ On the sloping side of a hill towards the valley appear conti- 
nual flames, which, being ever to be seen, have caused this hill 

-to be called Pietramala. The flaming place is covered with 
earth, and loose separate lime, clay, and marl stones. It has 
properly but six feet diameter, and the flames appear between 
and upon the before-mentioned stones. The flames are exceed- 
ingly clear and are yellowish-white as arising from burning oil. - 
They rise about two feet above the ground, give no mark of any 
sulphureous acid, grow stronger after wet weather, and fainter in 
a dry summer.” These extracts are quoted to show that this 
exhibition is not a new discovery. . 
When I crossed the Apennines on my journey to Florence, I 

was naturally anxious to visit so curious a phenomenon. The 
few experiments which I was enabled to make convinced me 
that the flame was continued by a constant evolution of pure 
carburetted hydrogen. The flame was only a few inches high, 
the weather for some time before had been particularly dry, and 
continued so for many days after; when the breeze agitated the 
flame, propelling itin a given direction, it exhibited that fine blue 
colour which appears when the bright flame of supercarburetted 
peop is acted upon by a current of air. By placing a small 
glass bell over a confined portion of it, I obtained a quantity of 
the gas, which burned with a yellowish-white flame in an inverted 
vessel, when ignited in contact with the atmosphere, and it 
detonated violently when mixed with a due proportion of that 
medium. What particularly struck me was the remarkable 
etherial smell which accompanied this extraordinary and perpe- 
tual combustion. When I returned from the south of Italy, I 
was desirous of revisiting this ‘ volcanello’ (as the natives call it), 
and examine the hygrometric state of the atmosphere in refer- 
ence to it, as I had done before. This anticipated pleasure, 
however, it was not my good fortune to realize. The snow was 
three and four feet deep even-on the road, and our “ vetturino” 
was necessitated to effect his progress by harnessing four oxen 
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to the vehicle. I was, however, determined to do what I could 

to revisit a phenomenon which had not fully satisfied my curio- 

sity, and had frequently been the object of my thoughts. With 
this anxiety, I sought out a guide, who, to my satisfaction, 
told me that it was practicable. We accordingly set off three 
to four feet deep in snow, while the vetturino moved slowly on. 

My guide and Pi within half a mile of the wished-for spot, 
when he, being a few yards before me, suddenly disappeared 

among the snow, in a ravine; and I then thought it high time 

to sounda retreat. Defeated in my attempt, I have only to add, 

that my guide had told me that the gas was about four feet high 
at this period, that the flame was very greatly increased by 

throwing a quantity of snow upon it, and that on the approach of 
wet weather, or during rain, it was always highly magnified. 

Does not this singular result find a proper analogy in the so 
called.“ American Tar and Water Burner,” and do they not 

mutually illustrate each other? I certainly think so; and i 

confess that to me it is otherwise inexplicable. It may be 

doubted whether the Gas Light Companies can avail themselves 
of this discovery in the propulsion of steam through the pipes 

along with the gas. 
Mr. Lawe, in vol. liii. of the Philosophical Magazine, p. 266, 

notices the etherial odour which evolves on slowly burning a 

very depressed flame of coal gas. Every chemist has remarked 
a similar thing in his experiments on supercarburetted hydrogen 
in the laboratory ; and when a mixture of one part of alcohol and 
three parts of sulphuric acid are heated over an Argand’s lamp 

in a glass retort, the inflammable vapour which comes first over 
and inflames with a diluted blue flame is particularly distinguished 
for its etherial smell. There can be no doubt whatever but that 

sulphuric ether might be obtained in quantity by the slow com- 
bustion of coal gas, and this may become a source of wealth to 

the proprietors of gas light shares. The etherial smell which 
accompanies the gas of the Apennines is strongly presumptive in 

favour of the opinion that it proceeds from a bed of coal beneath. 

The gas which bubbles from the Acqua Briga is an additional 
evidence, and such wells are found in the vicinity of coal mimes 
as at Wigan, in Lancashire. 

Thus supercarburetted hydrogen slowly consumed by flame, 
and in such circumstances as to increase the surface exposed to 
the ambient atmosphere and the supply of absorbed oxygen, 
produces an etherial vapour; and this product again subjected 
to the aphlogistic effect of silver on platinum by a still slower 

combustion, evolves that which has been absurdly termed dampie 
acids <i} 

The application of different intensities of temperature is parti- 
cularly striking and curious in the obtainment of gas from coal. 
If the heat applied to the retort be a low red heat, the light of the 
gas is feeble in its illuminating powers ; and when it is exalted to 
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nearly a white heat, the gas burns with a clear bluish 
flame. 

There is a phenomenon which seems still involved in consider- 
able mystery, and which the chemist has not been able as yet 
satisfactorily to explain—I allude to the decomposition of 
ammoniacal gas. This gaseous body suffers no change, even 
when transmitted through an incandescent porcelain tube. But 
if several coils of iron wire be introduced, the gas suffers decom- 
position. It is effected also by copper, &c. but not entirely by 
platinum. The metal suffers no chemical change in conse- 
quence, but a remarkable physical one; it becomes extremely 
brittle, so as to be easily crushed between the fingers. It has 
struck my mind that the phenomenon adverted to, and the 
aphlogistic exhibitions of platinum, silver, &c. are similarly 
related, and may probably be traced to the same cause or source. 
Some of the metals exhibit aphlogistic effects, and some do not, 
and there are metals which decompound ammoniacal gas, and 
others which do not. Iron, Xc. are found extremely brittle after 
‘hey effect the separation of this compound gas into its elements, 
and silver wire, when it has shown its aphlogistic powers for 
some time in inflammable vapour, also becomes brittle.» 

I have the honour to be, Sir, 
Your most humble and very cbedient servant, 

J. Murray. 

ArticLe VIII. 

New Results on the Combination of Oxygen with Water.* 
By M. Thenard. 

I wave at last succeeded in saturating water with oxygen. 
‘The quantity which it then contains is 850 times its volume, or 
twice as much as the quantity that belongs to it. In that state 
of saturation, it possesses properties quite peculiar, the most 
remarkable of which are the following : 

Its specific gravity is 1-453. Hence when it is poured into 
‘common water, we see it fall down through that liquid like a sort 
of syrup, though it is very soluble in it. It attacks the epidermis 
almost instantly, and produces a prickling pain, the duration of 
which varies according to the quantity of liquid applied to the 
skin. Ifthis quantity be too great, or if the liquid be renewed, 
the skin itself is attacked and destroyed. When applied to the 
tongue, it whitens it likewise, thickens the saliva, and produees 
on the organs of taste a sensation difficult to express; but 
which approaches to that of tartar emetic. Its action on oxide 
of silver is exceedingly violent. Every drop of the liquid tet falk 

* Translated from the Annales de Chimie et de Physique, x. 335. 

Vou. XIV. N° III, O 
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on the dry oxide produces a real explosion ; and so much heat 
is evolved, that if the experiment be made in a dark place, there 
is a very sensible disengagement of light. Besides the oxide of 
silver, there are several other oxides, which act with violence on 
oxygenated water; for example, the peroxide of manganese, that 
of cobalt, the oxides of lead, platinum, palladium, gold, iridium, 
&c. Several metals in a state of extreme division occasion the 
same phenomenon. J shall mention only silver, platinum, gold, 
osmium, iridium, rhodium, palladium. In all the preceding 
cases, it is always the oxygen united to the water which is disen- 
gaged, and sometimes likewise that of the oxide; but in others 
a part of the oxygen unites with the metal itself. This is the 
case when arsenic, molybdenum, tungsten, or selenium is 
employed. These metals are often acidified even with the pro- 
duction of light. 

I have had repeated opportunities of observing that the acids 
render the oxygenated water more stable. Gold in a state of 
extreme division acts with great force on pure oxygenated 
water ; yet it has no action on that liquid if it be mixed with a 
little sulphuric acid. 

Articte IX. 

ANALYSES oF Books. 

Chemical Amusement, comprising a Series of curious and instruc- 
tive Experiments in Chemistry, which are easily performed, 
and unattended with Danger. By Frederick Accum, Opera- 
tive Chemist. London, 1817. 

Norwitustanpine the popularity of chemistry in this 
country, and the great number of persons who are more or less 
conversant with it, the individuals who have actually contributed 
to its progress by the discovery of new facts, or the better 
arrangement, or more satisfactory explanation of facts alread 
known, are but few. Were I to enumerate the names of all suc 
persons in every part of the world, it would occupy a much 
smaller space than is generally supposed. Indeed the same 
remark applies to all the sciences. It falls to the lot of a very 
small number of individuals to enlarge the bounds of human 
knowledge, or withdraw the veil which covers any portion of the 
secret springs of nature. These individuals are led to those 
pursuits, which redound so much to the dignity of man, and 
ultimately tend so much to enlarge the sphere of his powers and 
enjoyments, chiefly by the love of distinction, and by that eager 
curiosity which animates and distinguishes generous minds. 
But though the second of these principles might be sufficient, 
perhaps, to stimulate the activity of the young mind in the 
morning of life, when nature appears in her gayest colours, and 
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novelty adds an exquisite seasoning to every investigation, it is 
not sufficiently powerful of itself, at least im most persons, to 
continue this activity during the whole period of human exist- 
ence. Curiosity becomes more and more blunted as we advance 
in life. Objects which once possessed for us the most exquisite 
charms, when stripped of the gay colourmg thrown over them 
by novelty, cease to excite our attention. He who surveys the 
same prospect every day, however finished the landscape may be, 
gradually neglects it, or sees it without emotion. Hence the 
importance of the love of distinction, a desire which seldom palls 
upon the senses, but generally continues equally strong, if it 
does not in reality rather increase in strength to the latest period 
of life. Were a man confined for life in a desert island, it is not 
likely, however great abilities he possessed, that he would devote 
much of his time to the cultivation of knowledge. Even an 
Archimedes in such a situation would relinquish his calculations. 
What gratification could he derive from his discoveries when he 
had no one to communicate them to, no one to admire them, and 
when he had the mortifying certainty that they would perish 
with himself? Man, as far as his improvement in knowledge is 
concerned, is essentially a social being. 

Hence it is of the greatest consequence for the progress of 
any science when it becomes popular; when it excites the 
attention of a great number of individuals ; when it becomes a 
general object of study. The number of real improvers of it, 
perhaps, is not greatly augmented ; but the theatre on which 
they act is greatly enlarged. A greater degree of emulation is. 
excited; a more energetic activity is ensured. Their labours 
are more accurately appreciated, and more liberally rewarded ; 
and they are assured of that reward which possesses for them 
the greatest of all charms ; they are raised to distinction among 
their contemporaries, and handed down to posterity with immor- 
tal honour. 

I have been induced to make these observations from the 
nature of the work, the title of which stands at the head of this 
article. Its object is not to enlarge the bounds of chemistry, nor 
to introduce any new views deduced from facts already known ; 
but to render chemical experiments a source of amusement, and 
thus to draw even the idle and the indolent to this brilliant and 
fascinating science. The intention is laudable, and we sincerely 
hope that the author has succeeded in his object. The ex- 
periments selected are sufficiently varied and striking to 
constitute a very amusing exercise to young men; while they 
are almost all easily performed, as neither costly materials nor 
expensive apparatus are required for them. The descriptions of 
‘them are distinct, and most of the explanations satisfactory. 
The experiments. are 103 in number ; and being all unconnected 
with each other, it is impossible to convey any idea of them to 
the reader except by transcribing one or two of them by way of 
specimen. : 

02 
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Exper. 20. A colourless Fluid, which acquires a blue Colour 

when the Bottle containing it is opened, and which becomes limpid 
again when the Bottle is closed.—Put into an ounce phial a 
shp of copper, previously scraped bright: fill up the phial with 
liquid ammonia, and cork it air-tight. No apparent change will 
take place; but if the bottle be left open for some hours, and 
then be closed, 2 solution of the colour is effected, which is abso- 
lutely colourless, but turns blue on re-opening the bottle, begin- 
ning at the surface, and gradually extending downwards through 
the mass. Again, if this blue solution has not been too long 
exposed to the air, and fresh pieces of copper be put in, stopping 
the bottle again, the solution is deprived of all its tinge, and 
xecoyers its colour only by the admission of the air. And this 
effect may be produced repeatedly. 

Rationale.—Metallic copper is not acted upon by liquid 
ammonia, but is soluble in this fluid when oxidated. This oxida- 
tion is effected by the influence of oxygen when atmospheric air 
is admitted. Hence, when the copper is no further oxidated 
than is necessary for solution, the compound is colourless ; but 
it acquires a blue colour when the metal is oxidated in a higher 
degree. It is also obvious, that this azure colour is again 
destroyed by the addition of more copper filings, and exclusion 
of air, as the newly added metal deprives that which was con- 
tained in the solution in an oxidated state, of its superabundance 
of oxygen, in order to be dissolved also in the liquid. The solu- 
tion of copper in ammonia, at a minimum of oxidation, is, there- 

. fore, colourless ; but if the metal be highly oxidated, the solution 
has a blue colour. 

Exper.21. To prove that Water is contained in the Air of the 
Atmosphere, even during the driest Weather.—Take a tea-spoonful 
of dry muriate of lime, acetate of potash, or sub-carbonate of 
potash, put it into a saucer or other vessel, and suffer it to be 
exposed to the open air for a few days. The dry salt will thus 
be rendered completely liquid by the watery vapour which always 
exists in the atmosphere. 

The proportion of watery vapour existing in the atmosphere 
vanes considerably, principally according to temperature. While 
the water preserves the aerial form, the air containing it-is 
perfectly transparent; even in this state, however, it can be 
discovered existing in it; but when the vapour is condensing, it 
communicates to the air a degree of opacity from the conglome- 
ration of the particles of water. This, according to the extent 
to which it happens, gives rise to the natural appearances of 
clouds, mist, and rain. 7 

Exper. 22. To write luminous Characters.—Write with a stick 
of phosphorus on a board, or on any rough surface: the charac- 
ters will be luminous in the dark, as if on fire, and continue so 
for some time. The luminous appearance vanishes by blowing 
en the writing, and becomes visible again instantly. 

If letters be written on a dark-coloured paper, and the writing 
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be held near the fire, the characters instantly inflame, and exhibit 
a beautiful phosphorescent appearance. 

Rationale.—This effect is nothing else than the slow combus- 
tion of the minute abraded particles of phosphorus, effected by 
the oxygen of the atmosphere. 

N. B. Phosphorus should always be handled with the 
greatest caution, for serious burns have happened from careless- 
ness in this respe¢t to persons getting small pieces of phospho- 
rus under their nails. It is best to place the phosphorus ina 
quill or glass tube, that it may be removed from the hand in case 
it should take fire: a bowl of water should also be near at hand 
to plunge it into in case of accidents. 

*,* The above remarks apply to the first edition of the Chemt- 
cal Amusement; but such has been the rapid sale the work has 
_experienced, that it has already arrived at the fourth edition. 
The author has taken advantage of this circumstance, and mate- 
rially improved it. The number of experiments is not only 
increased from 103 to 147, but much interesting matter connected 
with chemistry in general has been likewise added. 

ARTICLE X. 

Proceedings of Philosophical Societies. 

LINNEAN SOCIETY. 
May 4.—A paper, by Charles Hamilton Smith, Esq. A. L.S8. 

was read, entitled “ Observations on some Animals of America, 
allied to the Genus Antelope,” accompanied by figures. 

At this meeting was also read, “‘ Characters of a new Genus 
of Coleopterous Insects of the Family Byrrhide,” by W. E. 
Leach, M.D.F.L.S. 

June 1.—Was read, “ Descriptions of some Shells found in 
Canada,” by the Rev. Thomas Rackett, F.L.S. 

Also “ Observations on some migrating Species of Sylvia,” 
by Mr. R. Smith, F.L.S. 

June 15.—Part of a paper, by J. Murray, Esq. was read, 
entitled ‘ Remarks on some of the natural Phenomena around 
ee) and on Botany considered as an Auxiliary to the Geo- 
ogist.” 

GEOLOGICAL SOCIETY. 

May 7.—The “ Description of the Valley of the Ligovea,” by 
the Hon. W. T. H. F. Strangways, was read. 

The river Ligovca, or Doodorovea, issues from the lake Doo- 
dorof, which is about 15 miles to the south-west of Petersburgh. 
At a short distance from this lake, it is expanded into a second, 
and finally discharges itself into the gulph of Finland, through a 
marsh, which is daily increasing in extent. In the upper part 
of its course, the bed of the river is composed of the limestone, 
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which forms the highest parts of the provinces of Ingria and 
Esthonia, and afterwards cuts down to the blue clay which lies 
below : between the limestone and the blue clay a stratum of 
dark-green schist is interposed, which is of course divided by 
the channel. Soon after the river has left the second lake, it 
runs through a narrow defile, with a winding course ; and it is 
here that it passes from the lime into the blue clay; but its 
banks in this placeare covered with alarge accumulation of gravel, 
which prevents the junction of the strata from being accurately 
observed. Theheights on the west side of the valley-are formed 
of the limestone, and are intersected by some small streams, 
which pass through deep ravines, the sides of which afford a 
good opportunity of examining the nature of the rock which 
composes them, and especially of the manner in which the lower 
beds of the limestone pass into the upper strata of the green 
schist on which they test. As the successive strata of the 
limestone approach the schist, they acquire a green colour ; 
while the schist itself below the limestone soon becomes almost 
-perfectly black. This schist contains large masses of bitumi- 
nous limestone, or stinkstone ; these masses, when examined 
internally, are found to possess a radiated structure, and are 
white at the centre. The fossils of the limestone are principally 
orthoceratites and trilobites: the orthoceratites are very large 
and numerous. The bills on the east side of the valley, although 
of equal elevation with those on the west, are less steep, and 
their sides are more covered, and have no chasms in them; the 
limestone is only to be seen at their insulated summits. These 
summits consist of the uppermost beds of the limestone, which 
composes an elevated table land, that surrounds the valley on 
every side except the N. This limestone does not present the 
same diversity of colours with that on the river Puleovea, which 
was described in Mr. Strangway’s former paper: it is more 
argillaceous, and has probably, from this cause, preserved its 
orgatiic remains in a greater state of perfection. Its colour is of 
a yellowish-grey, with spots of green earth. 

- An extract froma letter from Mr. D. Scott was then read. It 
contains an account of some marine remains, consisting of 
cockles and other shells that have been laid bare by the river 
Bramaputra, near the north-east frontier of Bengal. The circum- 
stance that is chiefly worthy of notice is, that the bed of shells 
appears to extend under the adjoining hills, which of course 
must have been of subsequent formation. The Garton hills, 
which are in the vicinity of Bramaputra, are of two formations : 
the first, which occasionally rise to the height of from 2000 to 
3000 feet, consist of granite, with veins of quartz and felspar ; 
the second, which.rest upon these, seem to have been deposited 
from water, as their strata are nearly horizontal : it is under or 
through one of these latter that the bed of shells appears to 
extend. These hills are seldom more than 150 or 200 feet in 
height, and consist of clay, sand, and small stones. 
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May 21.—The Secretary gave notice that the following com- 
munication had been received since the last meeting : “ Obser- 
vations on the geological Relations of the Environs of Tortworth, 
Gloucestershire ; and of the Mendip Range in Somersetshire,” 
accompanied by a Map and Sections, by T. Weaver, Esq. 
M.R.1.A. M.W3S. 
A paper, by the Right Hon. Lord Compton, was read, contain > 

ing “ A Description of the Rocks which occur along a Portion 
of the South Coast of the Isle of Mull.” 

These, which are called the Carsey rocks, and consist of high 
precipices, which are sometimes close to the sea, and at other 
times recede alittle from it, are composed almost entirely of basaltic 
columns. In several parts they are intersected by whin dykes, 
of which there are three that are very remarkable; they are 
almost 120 feet in height, and varying in breadth from 51 feet 
near the bottom to about 17 at the top; they are situated near 
together ; the first is nearly perpendicular, but the other two are 
inclined considerably to the east. The basaltic columns which 
compose the shore are, in some places, as much as 500 feet in 
height. In one part, a group of these columns rises in an insu- 
lated form out of the sea to the height of 70 feet. 

There are two very remarkable arched rocks; one of the 
openings is about 60 feet high, and between 50 and 60 wide; it 
is formed in a basaltic rock resting on green sand, and does not 
contain any fossils ; the rock itself is from 110 to 120 feet high, 
and there is a stratum of basaltic columns above the arch. The 
other arch is rather higher, but considerably smaller in its other 
dimensions. The part of the shore to which the arched rocks - 
are attached is composed of lofty basaltic columns. 

The author states that in different parts of the basalt which 
forms the coast, he found erystallized carbonate of lime, chalce- 
dony, quartz, different, kinds of zeolite and analcime, as well as 
a mineral which is supposed to be-pitchstone. 

The reading of Mr. Taylor’s paper “ On the Smelting of Tin 
Ores in Cornwall and Devonshire,” was begun. 

June 4.—The reading of Mr. Taylor’s paper “‘ On the Smelt- 
ing of Tin Ores in Cornwall and Devonshire,” was concluded. 

The author observes that tin ore is found in two states, in 
veins accompanied by other metals, or in detached fragments 
dispersed through alluvial matter ; they are known by the names 
of mine tin and stream tin respectively. Mine tin is first sub- 
jected to the process of dressmg, by which a considerable part 
of the extraneous minerals, as well as the earthy matrix, is sepa~ 
rated. The metal produced from this kind of ore is called 
block tin, and is less pure than that from stream tin, in conse- 
quence of some remains of other metallic substances, of which 
it is very difficult entirely to deprive it. Stream tin has no other 
metallic ore mixed with it, except occasionally a little hematitic 
iron. This furnishes the grain tin of commerce. 
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In dressing mine ore, ‘it is necessary to have it very minutely 
pulverized, in consequence of its being so intimately dispersed. 
through the matrix, a large part of which, from the great specific. 
gravity of the ore, may be removed by washing. It is then 
smelted in the common reverberatory furnace, mixed with Welsh 
culm and lime, and exposed to a very strong heat, so as to 
yeduce the whole to a state of perfect fusion. As tin ore 
consists merely of an oxide mixed with a quantity of extraneous. 
matter, the only objects to be attended to in smelting are to 
reduce the earthy matter to a state of perfect fusion, to which 
the lime contributes, and to remove the oxygen, which is effected. 
by the coal. The produce of the smelting furnace is consider- 
ably impure, and the metal afterwards goes through the process. 
of refining: this consists essentially in fusing the tin at a low 
heat, which is not sufficient to melt the other metals with which 
it is mixed. 

When sufliciently pure, itis cast into moulds, and is sold under 
the name of block tin. The reduction of grain tin proceeds upon. 
a different principle. After being dressed, it is carried to what 
is called the blowing house, in which the metal is reduced in a 
blast furnace by means of charcoal. The blast furnace consists. 
of a cylinder of iron standing on its end, into the upper part of 
which the ore and charcoal are thrown; the blast is admitted by: 
a hole near the bottom, and the metal, as it is reduced, flows. 
out at another hole on the opposite side. The metal which is. 
obtained from these furnaces is further purified by having pieces. 
of charcoal soaked in water thrown into it while melted ; the. 
water is thus rapidly volatilized, and as it appears, by the agita— 
tion which it occasions, all the impurities are carried to the. 
surface, where they are easily removed. 

The reading of Mr. Weaver’s paper, “ On the Geologicah 
Relations of the Environs of Tortworth, and the Mendip Range. 
in Somersetshire,” was begun. 

ROYAL ACADEMY OF SCIENCES AT PARIS. 

An Analysis of the Labours of the Royal Academy of Sciences: 
‘ during the Year 1818. 

Marnematicat Part.—By M. Le Chevalier Delambre, 
Perpetual Secretary. 

The Marquis de Laplace has read several important papers. 
to the Academy, containing some extremely curious develop- 
ments of the theories which he demonstrated in his Mecanique 
Céleste. The author has given some extracts of them in the 
Connaissance des Temps ; but these extracts being only intended. 
for mathematicians and astronomers, still contain a multitude of 
formule that we cannot admit in this analysis, and for which, 
according to custom, we must refer to the papers themselves, as 
we confine ourselves in this place to exhibit only the clearest. 
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theorems and the most important consequences. The title of 
the first paper is: “On the Rotation of the Earth.” 

From the time of Hipparchus to the present, the length of the 
day ‘has not changed the hundredth part of a second. The axis 
of the earth’s rotation is thus as imvariable in relation to its 
surface as the quickness of the rotation; the axis always answer- 
ing to the same points of the earth, the most exact observations 
have not discovered any change in the geographical latitude 
of places. A century ago, Cassini endeavoured to demonstrate 
this truth, but he did not dare to affirm it absolutely. He only 
simply stated, that if any variation of the height of the pole 
existed, it must be extremely small. At present it may be 
asserted for a certainty, that the earth moves uniformly round an 
invariable axis. 

It is known that all solid bodies have three principal rectangu- 
lar axes, around which they can revolve in an uniform manner, 
the axis of rotation remaining at rest. Is this very remarkable 
property common to bodies which, like the earth, are surrounded 
by a fluid? The actions of the sun and moon influence the figure 
of the sea, which, by these means, varies incessantly. Among 
the powers which produce the phenomena of the tides, some are 
variable; but as these are beyond comparison much less 
than the centrifugal force, the alteration which they produce in 
the permanent figure of the earth is insensible. A small agita- 
tion in an ocean of quicksilver, if it were to be substituted for 
our present seas, would be sufficient to spread it over the terres- 
trial continent. This well-known inferiority of the density of the 
sea is the consequence of the original fluidity of the earth ; for 
at that time the heaviest strata were enabled to settle nearest the 
centre. Theoretical considerations unite with the experiments 
made upon the pendulum to show that, in all probability, it was 
a very violent heat which rendered all the parts of the earth 
originally liquid. 

“The laws of mechanics and of gravity are, therefore, suffi- 
cient to give a firm state of equilibrium to the sea, which is but 
very slightly altered by celestial attractions. Its gravity, which 
constantly tends to bring it back to a state of equilibrium, and 
its specific gravity less than that of the earth, both necessary 
consequences of these laws, are the true causes which maintain 
it in its limits, and hinder it from spreading itself over the land, 
which is a necessary condition towards the preservation of organ- 
ized beings. The necessity of this condition may appear to_be 
a sufficient reason for its existence, but these kinds of explana- 
tion ought to be banished from natural philosophy, as they 
would infallibly hinder its progress. The phenomena ought to 
be confined as much as possible to the laws of nature, and when 
this object cannot be obtained, we ought to stop ; always recol- 
lecting that the true progress of philosophy consists in proceed- 
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ing, by means of induction and calculation, from phenomena to 
laws, and from laws to the powers themselves.” 

The author proceeds from these researches to the considera- 
tion of the motion of the system constituted by the earth and 
moon. He shows that, neglecting the action of the sun, the 
ascending node of the lunar orbit on the imvariable plane of this 
system, always coincides with the descending node of the earth’s 
equator; and that these nodes have an uniform retrograde 
motion, the planes of the lunar orbit and of the equator preserv- 
ing the same constant inclinations upon the invariable plane of 
this system. 

The action of the sun modifies the preceding results, and 
impresses such motions upon the nodes of the lunar orbit and 
the plane of the maximum of the areas, that the two planes 
always meet at the equator; the plane of the maximum of the 
areas dividing the angle formed by the equator and the lunar 
orbit into two angles, the sines of which have a constant ratio 
to one another. The retrograde motion of the nodes of the 
moon combined with the action of that satellite wpon the terres- 
trial spheroid occasions the nutation; and the reaction of this 
spheroid upon the moon, produces the two lunar inequalities 
which depend on the flattening of the earth at the poles. These 
inequalities, examined by Messrs. Burg and Buckhardt, by some 
thousands of observations, agree in giving ;1~ for the flattening 
of the earth, which differs very little from 51, or =4,, the flatten- 
ing deduced from the measurement of terrestrial degrees. “ But 
if, on the one hand, the irregularities occurring in these measures 
are considered ; and, on the other hand, the agreement between 
the two lunar inequalities, and also the immense number of 
observations by which their coefficients have been determined, 
it will appear that these inequalities offer the surest method of 
determining the true figure of the earth.” 

At this place begin the analytical calculations, by which it is. 
proved that there exists in every spheroid covered with a fluid a 
certain axis around which the system of the spheroid and the fluid 
can revolve uniformly, the axis of rotation remaining invariable ; 
that in the respective motions of the terrestrial equator and of 
the lunar orbit, the two planes preserve a common intersection, 
and constant inclinations upon the invariable plane, and that this 
intersection has a secular, retrograde, and uniform motion; 
lastly, that the inequality known under the name of nutation 
produces a correspondent inequality in the inclination of the 
lunar orbit upon the ecliptic by means of the reaction of the 
terrestrial spheroid upon the moon. 

The second memoir is entitled, “On the Influence of the 
great Inequality of Jupiter and Saturn on the Motions of the 
Bodies composing the Solar System.” This great mequality, 
whose period is nine centuries; amounts to one-third of 
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a degree for Jupiter, and to four-fifths of a degree for Saturn, 
and affects the whole system through the action of these two 
large masses. Fortunately the coefticients of the inequalities 
produced by this cause in the elements of the planetary motions 
are insensible ; they only amount to about one centesimal second 
for Mars and Uranus ; to six-tenths of a second for the earth ; 
and to one centesimal second for the moon. A more sensible 
effect is produced upon the satellites of Jupiter. In this case 
the coefficients are, in centesimal seconds, 1” for the first satel- 
lite, 12:8” for the second, 18-8” for the third, and 44-3” for the 
fourth. Still more fortunately the motion of these satellites is so 
rapid, that as these four coefficients are, like the former ones, 
fractions of a degree, and not of time, it may therefore be said 
that these inequalities are lost in the uncertainties of observa~ 
tions. They do not alter in the least the remarkable ratio which 
exists in the motions of the first three satellites. 

The third memoir is entitled, “‘ On the Law of Gravity, sup- 
posing the terrestrial Spheroid was homogeneous, and of the 
same Density as the Sea.” 
Upon the hypothesis of the homogeneousness of the terrestrial 

spheroid, analysis reduces the gravity on the surface of the sea 
to a very simple expression, and one that offers a remarkable 
result; namely, that if the sea was of the same density as the 
spheroid, the force of gravity on its surface would be indepen- 
dent of the figure. Taking any point situated either on the 
surface of the sea, or on a continent, or an island, the force of 
gravity would be equal to a constant quantity, plus the product 
of the square of the sine of the latitude by five-fourths of the ratio 
between the centrifugal force and the gravity at the equator, 
minus the product of the gravity at the equator by half the 
height of the given point above the level of the sea, a height 
which might be determined by the barometer; the mean radius 
of the earth is here to be taken as unity. 

As this law does not agree with the experiments on pendu- 
lums made in both hemispheres, the hypothesis of the homoge- 
neousness of the earthis, therefore, shown by these experiments 
to be false : at the same time they prove, 

1. That the density of the strata of the terrestrial spheroid 
wcreases from the surface to the centre. 

2. That these strata are disposed very nearly in a regular 
manner round the centre of gravity of the earth. 

3. That the surface of this spheroid, covered in part by the 
sea, has a figure slightly differing from that which, if it were 
fluid, it would assume by virtue of the law of equilibrium. 

4. That the depth of the sea is but a small fraction of the 
difference between the two axes of the earth. 

5. That the equalities on the surface of the earth, and the 
causes which occasion them, have very little depth. 

6, That the whole earth was originally fluid. 
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These results of calculation and experiment appear as though 

they ought to bt considered as part of the small number of truths 
which geology affords us. 

The two following memoirs of M. Poisson relate also to two 
fundamental points in the system of the world, which could only 
be explained by the most subtle analysis. One is concerning 
the precession of the equinowes, the other treats of the libration of 
the moon. fi 

“The theory of the variation of arbitrary constant quantities, 
in questions relating to mechanics, has the remarkable advan- 
tage of making the solution of the two principal problems-of 
physical astronomy to depend on the same analysis, and to be 
comprehended in the same formule ; namely, the determination 
of the motion of a planet round its centre of gravity, and also that 
of the motion of this centre round the sun. Ina former memoir 
upon this theory, and in applying it to the rotatory motion of the 
earth, I fcund, to express the differentials of the two elements 
which determine the position of the equator, some formule, 
exactly similar to those relating to the longitude of the nodes, 
and the inclinations of the planetary orbits. The use of these 
formule in determining the secular displacing of the equator 
may be much simplified by observing, that if the earth was 
covered with a fluid in equilibrio upon its surface, the function 
dependent on the perturbating forces which these formule con- 
tain is immediately reduced to a converging series by the known 
theory of the attraction of spheroids, Now on combining’ this 
series with the expressions deduced from the variation of con- 
stant qualities, there will result from thence....the simplest 
and the most direct solution of the problem of the precession.” 

This singular phenomenon, discovered by Hipparchus, deter- 
mined more exactly*by the Arabs, and since that confirmed by 
the observations of all the modern astronomers, remained unex- 
plained until the time of Newton. The mechanism of it had 
been shown by Copernicus ; and this was the newest and most 
ingenious part of his famous work, on the Celestial Revolutions. 
He rendered his explanation complex by unnecessarily mixing 
with it considerations which were totally foreign and useless. 
From these it was freed by Kepler. The physical cause 
remained unknown. Kepler’s hardy imagination was stopped by 
a difficulty which was really unsurmountable at that time. New- 
ton showed that according to the law of gravity, the earth ought 
to be flattened at the poles, and that the explanation of the 
precession which had been so long desired resulted from this 
flattening. All the great geometricians of the last century 
endeavoured to bring the calculation of Newton to perfection. 
M. Poisson has now reduced it to its least terms; but notwith- 
standiag all these simplifications, the demonstration is far from 
being elementary ; it will always depend upon deep calculations. 
The phenomenon has been rendered sensible to the eye by a 

‘ 
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very ingenious machine, but this cannot give the least idea of 
its quantity. Indeed analysis itself only shows an approxima- 
tion to this ; and for a long time there will be ofly astronomical 
observations to determine the motion of the precession with 
sufficient exactness. 

On the Libration of the Moon, by M. Poisson.— Accord- 
ing to the laws of this phenomenon, discovered by D. Cassini, 
and confirmed by the beautiful calculation of M. Lagrange, the 
moon revolves upon her axis in the same time that she accom- 
plishes her mean revolution round the earth: her equator preserves 
a constant inclination upon the ecliptic, and the descending 
node of this equator coincides with the mean ascending node of 
the lunar orbit. M. de Laplace proved that ‘these results are not 
affected either by the secular equation of the mean motion of the 
moon, nor by the secular displacing of the ecliptic ; it is also 
certain that they are not altered by the secular equation that 
affects the mean motion of the moon’s node; but these results 
agree only with the mean velocity of rotation, and with a mean 
state of the lunar equator ; and theory shows that this velocity of 
rotation, the inclination of the equator, and the distance of its 
node from that of the orbit, are subject to periodical inequalities, 
whose maxima depend upon the ratio among the momenta of the 
moon’s inertia. M. Lagrange gave the expression of the princi- 
pal inequalities of the velocity of rotation ; so that in order to 
render the theory complete there remained only to determine the 
inequalities of the inclination and of the node. This is what I 
propose to determine, by taking up afresh the solution of the 
problem, and by carrying on the approximation unto the terms 
of the second order in respect to the elements of the lunar orbit, 
which terms contain the inequalities in question. I shall confine 
myself to giving the formule I have discovered, and shall 
suppress the details of the calculations which led me to them, 
and which are only a development of the calculation of M. La- 
grange.” / 

The latter end of this paragraph does not mean that no 
formule are to be found in the memoir, they being, on the 
contrary, indispensable to show the changes which take place in 
the expressions by the introduction of terms of the second order. 
The author considers successively the different inequalities of 
the longitude of the node: the second is known, it is about a 
fifty-fifth part of the mean inclination. He shows that the first 
is less than a twenty-seventh part of the same inclination. Two 
similar inequalities are to be found in the distance of the node of 
the equator from that of the orbit, By the second, the two 
nodes are separated from one another by more than a degree ; 
the maximum of the first does not surpass two degrees. 

M. Bouvard found that the distance of these nodes is 2°; 
Mayer found it to be 4°, but in a contrary way. he difference 
betwixt these two results may be partly attributed to the errors 
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of observation, and partly to the inequalities which cause the 
variation of the distance. 

The author then endeavours to find the influence which these 
different equalities may have on the longitude and latitude of 
the lunar spots, seen from the centre of that satellite. He gives 
an analytical expression of it, which must be compared with 
observations, in order that the differences between the momenta 
of inertia of the lunar spheroid may be found from it, as well as 
the two constant quantities relative to the spot that is observed. 
This comparison is assigned to M. Nicollet, and he proposes to 
publish the results as soon as any satisfactory ones have been 
obtained. 

Upon the Application of Algebra to the Theory of Numbers, 
by M. Poinsot.—In this memoir, the author has principally in 
view a demonstration of the general theorem which he has given 
relative to the algebraical expression of the imaginary roots of 
unity, with some remarkable applications which he had indicated 
in his preceding researches into algebra and the theory of num- 

_ bers. To give a general idea of this theorem, let us consider the 
indeterminate binomial equation «* — 1 = M p, in which the 
second term M p expresses any multiple of a prime number p, 
and any prime exponent that is a divisor of (p — 1) in order 
that the equation may have z roots or solutions in whole numbers 
inferior to p. 

The author shows that if in the place of this equation there be 
taken the determinate bmomial equation «* — 1 = 0, and it is 
resolved, the algebraical expression of its roots which, except 
unity, are entirely imaginary, will be the analytical expression of 
the different whole numbers which resolve the equation «* — 1 
= Mp; that is to say, by adding the proper multiples of p to 
the numbers which are under the radicals of this formula, the 
imaginary and irrational ones will disappear, all the operations 
pointed out are rendered capable of being perfectly executed, 
whole numbers which resolve the proposition will be obtained, 
and the formula will only express those very numbers. 

The author establishes this theory for every case of the expo- 
nent 2, simple or compound, prime or not, with (p — 1). 
When the exponent » is an exact divisor of (p — 1), the 

equation 2” — 1 = M phas always 7 roots in whole numbers, 
as is easily to be deduced from the famous theorem of Fermat. 
But if n does not divide the member (p — 1), the equation has 
only a single root, or entire solution, which is unity, andall the 
others are always impossible or irrational quantities. Neverthe- 
less, the imaginary formula, which expresses the zth root of unity, 
is still the analytical expression of even these impossible roots. 
This expression is, therefore, as perfect as those of imaginary 
quantities in analysis ; that is to ‘say, it may be employed with- 
out any fear in analysis ; and if by any combination of similar 
values, the irrational quantities should happen to be destroyed, 
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the final result will be as exact, and the demonstration as well 
established, as if these irrational values had not been employed. 

From the very simple analysis of the author, it also follows, 
that if the general formula of the roots of unity does not contain 
radicals, the exponents of which will not divide (p — 1), then 
there is not, in the whole expression, a single radical which is 
not related to an exact power of the same degree, or rather to a 
residual of that power; so that, by the restitution. of certain 
multiples of p to these residuals, the expression will become, in 
allits parts, commensurable and entire, and will not show in any 

part any sign of an impossible operation. 
But if there are found in the formula roots which are not 

divisors of (p — 1), there will be in it, under these radicals, 
numbers which will not be residuals of powers of the same 
degree, and consequently the formula will contain irrational 
quantities which can never be reduced to entire numbers in 
respect to p. But these irrational quantities may be exact 
powers of irrationals of the same form, so that the radical opera- 
tion that is pointed out can be executed ; and then, in the addi- 
tion of these similar values, the incommensurables are destroyed. 
of themselves, and the formula will always lead with equal 
precision to the entire roots of the proposition, when this equa- 
tion will admit such roots. 

These are the principal points of this remarkable theorem, 
which offers, as the author observes, the first and only example 
of the application of algebra to the theory of numbers. 

M. Poinsot has examined this theorem still more deeply, and 
explained it by a multitude of examples, which exhibit a number 
of curious theorems concerning the residuals of the powers of 
the superior degrees. He also applies it to the determination 
of the primitive roots of prime numbers ; and lastly, he extracts 
from it some general truths in respect to algebra, which were 
apparently impossible to be discovered by any other method. 

As to the rest, this theorem of the binomial equations extends 
to any equation, the algebraic resolution of which shall be 
esteemed as known. The author points out, in a few words, 
this general demonstration at the commencement of his memoir; 
“but I wished,” he says, “to study more particularly the binomial 
equations, because they are, as it were, the key of all the others, 
because they alone are able to show the intimate nature of roots : 
those remarkable signs, which exhibit the essence of algebra by that 
equivocation of the different senses in which they may be taken, 
and the employment of which, in the chain of mathematical 
8 pul exhibits the most precise difference between analysis 
and synthesis.” 

. author proposes to proceed with this curious approxima~ 
tion of algebra, and the theory ef numbers, and to show that the 
general principles of algebra, properly so called, have their origin 
in the simple consideration of the order, or of the mutual dispo- 
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sition that may be actually observed between many objects, 
which appears to us, he says, to be the highest point of abstrac- 
tion and generalization to which science is permitted to be 
carried. 

An Essay upon the Integration of a particular Class of differ- 
ential Equations, and An Lissay upon the Integration of Equations 
with partial Differences of the first Order, and with any Number 
of Variables, by M. Cauchy. 

Note by the author concerning the latter of these two memoirs, 
Jan. 27, 1818. 

There is not at present any treatise upon the integral calculus 
in which a method has been given of completely integrating 
equations with partial differences of the first order, whatever 
may be the number of independent variable quantities. Having 
attended for several months to that subject, I was lucky enough 
to obtain a general method for this purpose. But, after I had 
finished my work,’ I learned that M. Pfaff, a German mathema- 
tician, had obtained the integrals of the above-mentioned 
equations. As this is one of the most important questions of the 
integral calculus, and as the method of M. Pfaff is different from 
my own, I think that an abridged analysis of the last may be 
interesting to mathematicians. I shall, therefore, explain it ; 
and in order to facilitate the explanation, shall profit by some 
remarks made by M. Coriolis, civil engineer, and of some other 
remarks which have since struck me. When thus simplified, 
the method which I have used appears to me to furnish the 
simplest solutions that can be given of the proposed question. 
The following considerations will allow a judgment to be made 
of it. 

In order to have some fixed ideas on the subject, let us suppose 
the equation with partial differences that is proposed contains, 
along with the three independent variables, x, y, z, an unknown 
function, w, of these three variables, and the partial derivatives, 
P> 7,7, of the function, w, in respect to the same variables. 
_ In order to determine exactly the value of w, it is not suffi- 
cient to know that the given equation must be verified with 
partial differences. It will be moreover necessary to add some 
condition, for example, to subject the function, wu, to receive for 
2 given value, x, of the variable quantity, x, a certain value of a 
function of the variable quantities y and z. The function of ¥ 
and z here meant, which may be chosen at pleasure, is the only 
arbitrary function which ought to be contained’ in the general 
integral of the equation with partial differences. Itis, in other 
respects, easy, by means of principles which are already known 
to reduce the integration of this equation with partial differences 
to the integration of five differential equations between the six 
quantities, , y, z, u, 7, 7, considered as functions of a single 
variable ; and the whole difficulty is reduced to knowing what 
must be done with the five arbitrary constant quantities intro- 
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duced by the integration of these five differential equations. 
Now the method which I propose consists in avoiding the intro- 
duction of these constant quantities, or rather in supplying the 
place of these constant quantities by particular values, attributed 
to the unknown quantities y, z, u, g, 7, and in integrating the 
five differential equations, in such manner that for r = x,, we 
may havesy =) y5,°% = 25) w= aS Yi=— 93,7 = 135 Yar 2os 
designating two new variables ; uw, an arbitrary function of these 
variables themselves, similar to the arbitrary function of y and 
of x, which represent the value of u for x = x,; and q,, 7,, the 
two partial derivates of uw, relative to y, and to z,. If, in the five 
integral equations thus obtained, g and r are eliminated, there 
will remain only three formule, the system of which will be 
proper to represent the general integral of the equation w\th 
partial differences. These three formule will contain the variable 
quantities x, y, z, w; the constant quantity x, the two new 
variable quantities y,, Z, and the arbitrary function of these new 
variable quantities represented by u,, as well as its derivatives of 
the first order relative to y, and to z,. It is not until the arbi- 
trary function in question has been fixed that by eliminating the 
new variable quantities y,, z,, we can obtain the limited equation 
which determines w in a function of x, y, z. 

Nothing hinders us from preserving in the calculation the 
quantity p along with the variable quantities x, y, z, u, g, 7, if it 
is observed besides, that the independent variables, x, y, z, may 
be exchanged for one another relative to the parts which they 
act, the following rule will be obtained by the general integra- 
tion of an equation with partial differences for three independent 
variable quantities, and even for any number whatever of variable 
uantities. i 
Substitute, according to the ordinary methods, in the place of 

the given equation with partial differences, so many difterential 
equations of the first order (minus one) as it contains variable 
quantities, comprising therein the independent variations, the 
unknown function, and its partial derivatives. The independent 
variable quantities are to be treated symmetrically in the differen- 
tial equations, one of which may be supplied by the equation 
with given partial differences. 

This being done, integrate the differential equations in ques- 
tion relatively to all the variable quantities that they contain, 
setting out from certain limits which you consider as new 
variable quantities, subjected to the same relations as the first. 
Then, in the integral equations thus obtained, regard one of the 
new independent variable quantities as being reduced to a con- 
stant quantity, and the others as what ought to be eliminated, 
you will have a system of formule proper to represent the 
eneral integral of the equation with given partial differences. 
ese formule will contain only one sibienty function, with its 

partial divisions of the first order ; that is to say, the new variable 
Vou, XIV. N° III. s 
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quantity, which corresponds with the unknown fraction, and 
which is to he looked upon as an arbitrary function of those 
of the new variable quantities which ought to be eliminated. 
A Memoir upon the Vibration of Llastic Surfaces, by M. 

Fourier.— The application of mathematical analysis to the 
study of natural phenomena is composed of two distinct parts. 
The first consists in expressing all the physical conditions of the 
question by means of the calculus; the second consists in inte- 
grating the differential equations obtained by this means, and in 
deducing the complete knowledge of the phenomenon in question 
from these integrals. This memoir belongs to the second branch 
of the application of analysis...... The general integrals of these 
equations have not as yet been obtained ; that is to say, of those 
which contain, in limited terms, so many entirely arbitrary 
‘functions, as the order and nature of the differential equations 
allow. We principally endeavoured to discover these general 
integrals under a form which would be proper to show clearly 
the progress and laws of the phenomena...... The differential 
equation of the movement of elastic surfaces was not known 
some years, ago, when the attention of mathematicians was 
attracted to this question by the Institute. At that time this 
equation was drawn up, which is of the fourth order, and differs 
entirely from that of flexible surfaces. But it was necessary to 
integrate this last equation, and also that of elastic plates. The 
principal object of the memoir is to prove that the general inte- 
grals of these equations are expressed by definite mtegrals, by 
means of the theorems which we formerly gave in our Researches 
concerning Heat. If it be considered that these very same 
theorems serve to determine the laws of the propagation of heat 
in solid matter, the oscillations of strings, and flexible or elastic 
surfaces, and the movement of waves upon the surface of liquids, 
the utility and extent of this new method of analysis will be 
acknowledged.” 

The author then gives the general integrals of vibrating sur- 
faces, whose dimensions are infinite. The integral of the 
equation of elastic plates, developed in a regular series accordin 
to the powers of the variable quantities, may be summed up; but 
the expression to which this process leads cannot be used for 
the resolution of the physical question, as it would present a 
function which is very simple in itself under an extremely com- 
plicated form. 
I rendering the agitation of sonorous bodies sensible to the 

sight, or in measuring the duration of the vibrations by the 
comparative value of the sounds thus produced, the results which 
are observed always coincide with those which arise from the 
particular values ; and these very relations are now confirmed by 
the examination of the general integrals. 

If the two extremities of an elastic plate are supported upon 
fixed obstacles, the movement is composed of a multitude of 
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isochronous vibrations, which run on together without interfering 
with one another; but the relations are not the same as for 
flexible strings: the octave, the twelfth, the seventeenth, are not 
heard. This resonance then is not a general fact serving as the 
foundation of the laws of harmony. According to the supposi- 
tions which may be made,» and the arbitrary functions which 
may be introduced into the calculation, a great number of partial 
sounds may be suppressed at the beginning. Thus in a case 
where the author lays down all the circumstances, the subordi- 
nate sound, the lesser sharp, will occur at the triple octave of the 
second major of the principal sound; an interval which is looked 
upon as dissonant: the superior sounds, could not be determined 
in the least. 

If an extended flexible surface of a rectangular figure, the 
extremities of which are fixed, is considered, the movement may 
be resolved into a multitude of partial movements, each of which 
is expressed by a particular integral: the coefficients of the 
different terms are limited integrals easy to be obtained, the 
series being convergent; the subordinate sounds have not in 
general any commensurable relation: these sounds are totally 
different from those produced by an elastic surface and the 
monochord. In the case of there being only one dimension, 
the flexible body is sonorous, the harmony is pure and complete; 
but as soon as a second dimension is added, all harmony ceases, 
and there is nothing but a confused mixture of sounds, only 
slightly distant from each other, and of which it is impossible to 
discern the relation. 

If the surface is elastic, the equation, instead of being one of 
the second order, is of the fourth. The subordinate sounds are 
to one another, and to the principal sound, as one number to 
another; and it is upon this account that elastic surfaces yield 
harmonious sounds. 

If constant retarding forces are made to enter into the calcu- 
lation, the tone remains the same, but the sound weakens, the 
motion ceases, or rather it passes into the neighbouring bodies, 
and is propagated in them. The action of these forces rapidly 
destroys the accidental effect of the initial disposition, and leaves 
only the effect of the proper elasticity and the figure of the sono- 
rous body in action for some time. 

{f the elastic surface, being of a very small thickness, has its 
other dimensions unlimited, the movement is propagated rapidly 
along the whole extent of the surface; foldings and annular 
furrows are formed, which recede from the origin of the motion. 
The question will then be to express in a single formula all the 
variable states of the surface, so that its figure at any instant of 
time may be exactly determined. ‘This equation contains, under 
the double sign of definite integration, two auxiliary variable 
quantities along with the three principal variable quantities. The 

P2 
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“quantity under the sign is the produce of two factors ; one of 
which is an arbitrary function given by the initial state; the 
second is a trigonometrical function which has nothing arbitrary 
in it. This composition of the integral is very worthy of notice, 
because a great number of physical questions lead to expressions 
of the same form. 

Analysis separates two parts of the phenomenon, one of which 
is accidental, and the other constant. The first must be regarded 
as arbitrary and fortuitous; it ‘varies in different cases, and 
the necessary effect of time is to diminish or destroy it; 
but the second arises only from the single principle of elas- 
ticity, which is preserved during the whole time of the motion, 
and is no ways dependent upon the initial figure. 

The final state at which the system necessarily arrives is very 
simple : it is represented by the trigonometrical function above- 
mentioned. This consequence does not only agree with the 
present question ; it is applicable to very different phenomena, 
the conditions of which are expressed by integrals of the same . 
form. 

The author then goes on to the laws of the motion of the 
elastic surface, as they are deduced from its integral. A certain 
part of the surface being at first forced by an external obstacle 
to depart from its equilibrium, the motion commences as soon as 
the obstacle is removed. The parts which have not been 
removed from the plane of the equilibrium speedily participate 
in the oscillatory motion, which is immediately propagated far 
beyond the limits of the original displacement. Three different. 
parts may then be distinguished in the elastic place: one, very 
near the origin, has already ceased to oscillate ; another, which 
is very remote, has not yet received any sensible agitation; the 
second, which is intermediate, is subjected to a motion, which is. 
become regular, and independent of the initial state. The con- 
centric rings which are formed pass alternately above and below 
the plane of equilibrium, and at the same time they recede from 
one another, enlarge, and become lower. The velocity of the 
summit of each ring is in the inverse ratio of the square of the 
time elapsed since the origin of the motion; the distance from 
one summit to the next is proportional to this square root, the: 
alepth of each groove, whether positive or negative, decreases in. 
ab inverse ratio of the time elapsed. 

The author then indicates other motions, an exact idea of 
which cannot be given without the use of analytical formule. In ; 
the question just mentioned, none of the causes which influence. ’ 
the motion has been neglected. Analysis represents, at the 
same time, the forces which determine the first agitations, and 
those which diminish by degrees the intensity until they render 
the motion perfectly insensible. It shows how the initial motion 
an propagating itself into the most remote parts is dissipated, 
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and soon ceases to be observable. The same results take place 
im the apparent motions of sonorous strings. This effect is 
comparable to that of the diffusion of heat in solid matter. 
“We now terminate the account of our researches on the 

motion of elastic surfaces. They furnish new proofs of the 
extent of that mathematical analysis whose principal object is the 
interpretation of natural phenomena. This science expresses, in 
simple forms, the most complicated natural effects ; it shows us 
those which subsist far from us at immense distances, and those 
which will only be accomplished in future times, or which have 
preceded us for ages ; it determines the general and ‘simple laws 
which regulate all the motions of heat, or the harmonious oscil- 
lations of sonorous bodies, and discloses to us secret analogies 
between phenomena—analogies which apparently must for ever 
have escaped our experience. This science is, in a manner, 
destined to aid our instruments and our senses ; it brings the 
study of nature to a limited number of primordial observations, 
which have for their object the measuring of the dimensions or 
the specific qualities of bodies.” 

(To be continued. ) 

ARTICLE XI. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I. Volatihty of Bismuth. 

M. Chaudet has made a set of experiments upon the fixity of 
bismuth, from which it appears, that this metal, though covered 
with charcoal, is completely volatilized if it be kept for a suffi- 
cient time at a temperature of about 30° Wedgewood.—-(Ann. 
de Chim. et de Phys. ix. 397.) 

II. On the Alloy of Platinum and Lead. By Dr. Clarke. 

(To Dr. Thomson.) 

DEAR SIR, Elsenham Hall, near Bishop’s Stortford, Essex, July 10, 1819. 

One of your correspondents mentions the astonishing affinity 
of platinum and lead at no very exalted temperature before the 
common blow-pipe. I think this deserves more of your notice 
than perhaps you have hitherto shown it.. The experiment with 
these metals is one of the most striking you can conceive; but 
yn must make it cautiously, or you will be liable to have your 
ands very much burned. If you take two pieces cf lead-foil 

and platinum-foil of equal dimensions, and roll them together, 
and place the roll upon charcoal, and direct the flame of a 
candle cautiously towards the edges of the roll, at about a red 
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heat, the two metals will combine with a sort of explosive force, 
scattering their melted particles off the charcoal, and emitting 
light and heat in a very surprismg manner. Then there will 
remain upon the charcoal a film of glass ; which, by further urg- 
ing the flame towards it, will melt into a highly transparent 
globule of a sapphire blue colour. Also if the p/atimwm and lead 
be placed beside each other, as soon as the platinum becomes 
heated, you will observe a beautiful play of blue light upon the 
surface of the lead, becoming highly iridescent before it melts. 

Very truly yours, 
. D. CuarKe. 

Ill. Heat produced by the Gas Blow-pipe. 

Dr. Clarke lately in his lecture room at Cambridge, in presence 
of the students, kept above half an ounce of platinum in a boiling 
state before the gas blow-pipe. The mass when cool was 
publicly weighed. 

IV. Magnetic Iron Ore. 

A fact respecting the magnetic iron ore of Succasunny, 
belonging to Governor Dickerson of New Jersey, is stated by 
Col. Gibbs in Silliman’s Journal of Science (i. 89), and deserves, 
I think, to be generally known. The following is Col. Gibbs’s 
own statement. 

“The proprietor, a gentlemanof distinguished science, informed 
me of a singular circumstance attending it, which was too 
important to be left unnoticed. The mine is wrought to the 
depth of 100 feet; direction of the bed, north-east and south- 
west ; inclination nearly perpendicular. The ore im the upper 
art of the bed is magnetic, and has polarity; but that raised 
om the bottom has no magnetism at first, but acquires it after 

it has been some time exposed to the influence of the atmosphere.” 

V. On Gauze Veils. By Mr. Murray. 

(To Dr, Thomson.) ‘ 

SIR, London, June 24, 1819. 

We are very much obliged to your ingenious correspondent 
Mr. Bartlett, for his suggestion respecting gauze veils considered 
as preventives of contagion. Three winters ago I found great 
relief from using a piece of black crape before my eyes, in a snow 
storm, and I pointed out this circumstance in the Philosophical 
Magazine, adverting at the same time to its importance to the 
mariner in such a peril. Bell, in his Embassy to Ispahan, found 
that the natives of the country through which he passed were in 
the habit of using hair cloth to prevent their eyes being injured 
by the reflective powers of the snow. 

A handkerchief held before the mouth, &c. in the fogs which 
obtain in this metropolis certainly prevents the unpleasant sensa- 
tions which we otherwise experience from their effects. 
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In going to Tivoli, I used a similar guard with advantage when 

passing the brook flowing from the “ Lago di Tartaro,” the 
odour of which is almost insupportable. 

The use of crape, &c. is evidently to guard the eyes from the 
pain of reflected light, and the merits of wire gauze in the safety 
lamp for miners depend on its cooling powers. The gauze veil 
in the case suggested acting as a screen or filter, would oppose 
the passage of humid air, and with it the elements of contagion, 
whatever they may be. I found that breathing on the rings of 
Breguet’s metallic thermometer moyed the index to the left from 
zero (marked “ tempéré”) to 15° +; but when I repeated the 
experiment through a silk screen,\it scarcely reached 12°. 

: I have the honour to be, Sir, 
Your most humble and very obedient servant, 

J. Murray. 

VI. Evolution of Carburetied Hydrogen Gas from Coal. 
By Mr. Murray. 

Mr. Longmire ascribes the formation of carburetted hydrogen 
in mines to the high pressure under which coal was formed ; and 
Sir H. Davy reiterates the same opinion. This assumption, how- 
ever, is evidently hypothetical. Mr. Hodgson has clearly proved 
that when coal is broken under water, carburetted hydrogen is 
disengaged. Now it is a well known fact, that this gas obtains 
in pe abundance in the vicinity of dykes which abrupt the 
coal. It appears to me, therefore, very evident, that these dykes 
‘by dislocation of the strata and crumbling the coal, for we know 
that this is palpably the fact in’ coal connected with faults, are 
the effective cause of disengaging the fire-damp. 

VII. Pus of Venereal Sores. 
M. Chevallier has published the result of a set of experiments 

to determine the constituents of the pus obtained from venereal 
sores. We are afraid that such experiments are not likely to lead 
to any consequences of much importance. Pus, in all probabi- 
lity, 1s of the same nature when laudable, whatever has occa- 
sioned the abscess from which it was extracted ; but when the 
ulcers are ill-conditioned, the appearance of the pus is much 
altered, and its constitution in all probability changed. It would 
be a material point to determine the nature of this alteration. I 
suspect from the facts which have been recorded by observing 
surgeons, that in certain cases ill-conditioned pus is alkaline ; 
while in others it is acid. The pus from venereal sores, espe- 
cially when the constitution has been broken down by the 
excessive use of mercury, is fre uently ill-conditioned, and it. 
seems to be always more or less alkaline and the alkali is always 
ammonia. Its smell is often fetid, and one would be tempted to 
suspect that it has undergone a-kind of putrefaction. 

Some of the ulcers from which the pus subjected by Cheval- 
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ier to examination was extracted were ill-conditioned; while 
others were well-conditioned. ‘The first contained a quantity of 
uncombined ammonia; while no free alkali could be detected in 
the others. From an ill-conditioned ulcer, he extracted the 
following substances : 

Water, 
Ammonia, 
Albumen, 
Fatty matter, 
Muriates of potash, soda, and ammonia, 
A trace of sulphates, 
Osmazome, 
Gelatine. 

He says that the albumen amounted to two-thirds of the 
whole pus. This surely is inaccurate, unless he weighed the 
albumen while in a moist state. 

The following were the ingredients extracted from a well- 
conditioned venereal ulcer : 

Water, 
Albumen, 
Fatty matter, 
Muriates of potash and soda; and traces 

of muriate of ammonia, 
Traces of sulphates, 
Gelatine. 

Thus t+ e only difference between the two was the presence of 
ammonie in ill-conditioned pus, and its absence in laudable pus. 

I sus: ect from the phenomena that if scorbutic ulcers were 
examin, the pus would be found of an acid nature ; at least it 
is difficult to explain on any other principle the wasting of bones, 
and the destruction of old callosities, which perpetually recur in 
that dreadful disease. 
- (For Chevallier’s experiments, see Journal de Pharmacie, 
April, 1819, p. 176.) 

VIII. Pulmonary Concretions. By Dr. Prout. 

It is, I believe, the common opinion, that a discharge of earthy 
concretions from the lungs indicates a tendency to pulmonary 
consumption. This, however, appears to be by no means 
constantly the case. I know a gentleman, 80 years of age, who 
has all his life occasionally coughed up such concretions. He is 
slightly asthmatic, but by no means phthisical; and I have 
known or heard of many such cases. A medical friend has made 
the same remark; and from his observations has been ever led 
to form the opinion that such persons are less liable to consump- 
tion than others, How far this may be the case, I do not know, 
nor do I pretend to know the exact morbid state of the pulmonary 
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organs which leads to the formation of such unnatural substances, 
These concretions are commonly discharged enveloped in mucus 
during a violent fit of coughing, and sometimes accompanied by 
blood, but frequently not. Indeed hemoptysis and its conse- 
quences appear to.constitute the great danger attending them, as, 
from the violence of the irritation they produce, such an occur- 
rence is not unlikely to happen in plethoric or otherwise pre- 
disposed individuals. 

The following case will illustrate the points in question. A 
entleman about 30 years of age was sent to me by a friend a 

few weeks ago, whovhad for several years occasionally coughed 
up these concretions. His general health appeared to be good, 
and he assured me that he was not aware that he had any disease 
of his lungs whatever. They were discharged as usual with 
violent coughing, but without blood. They varied in size from 
that of a common pin’s head to twice or thrice that magnitude, 
and their shape and surface were irregular and different. On 
being subjected to analysis, they were found to consist chiefly 
of phosphate of lime with some carbonate of lime, and a cement- 
ing animal matter, which retained the size and shape of the 
concretion after the earthy matter had been removed by an acid. 
Pulmonary concretions have been examined by different chemists. 
Some have stated their composition to be as above, while others 
have found them to consist entirely of phosphate or carbonate of 
lime united to an animal matter. ’ I have never seen an example 
of either of these instances, and strongly suspect that those 
chemists who have asserted them to consist occasionally solely 
of carbonate of lime have suffered themselves to be mistaken. 

Li, @ Earthy Mass discharged Jrom a Wen. By Dr. Prout. 
This bony mass was discharged by ulceration and suppuration 

from a wen situated in the back part of a man’s neck. When 
first separated, it was exceedingly fetid and heavy, but dimi- 
nished in fetor and weight as it lost its moisture. Its general 
shape was oval, but it was flattened and irregular on the side which appears to have been that next the body. The length of its greatest diameter was 2; inches, of its lesser diameter 12 inch, or when taken perpendicularly to the flattened side, only one inch. It weighed, when tolerably dry, 580 grains. In colour and general appearance, it resembled bone ; but its internal structure was different, as it seemed to be made up of ill-defined granular masses, the interstices of which were filled with a less compact substance. Hence it could be easily broken. When exposed to heat, it burned with a flame as if it contained an oily matter, and after being burnt, it still retained its shape, though it was very fragile. A small fragment submitted to analysis gave the following as its constituents, the roportions of which, however, from the minute quantity operated on, are only to be considered as approximations. 
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Animal matter and water........++++++ 35 
Phosphate of lime.......... 00-00-2000 G1 
Carbonate of lime with traces of phosphate 

and carbonate of magnesia .......... 

100 
Human bone consists of cartilage, blood-vessels, &c. 33°30 
Phosphate of lime ~... 4 /..+ 2. bre pamanw dif dead eine 
Carbonate of lime and phosphate of magnesia...... 12:46 
Fluate of lime ...... BE iirc dae sae E. + + precaieysiegh ee 4 
Soda, muriate of soda-water, Kc. ...... So vaiceye gop pipaenie aE 

100-00 

Hence it appeared to contain a larger proportion of phosphate 
of lime and a less proportion of carbonate of lime than human 
bone, the analysis of which, according to Berzelius, is placed 
with it by way of contrast. 

This bony mass is now, I believe, in the museum of the Royal 
College of Surgeons. The case occurred to my friend Dr. 
Elliotson, and is related in the Annals of Medicine and Surgery, 
vol.'1. p. 129. 

X. On the Gas Blow-pipe. By Mr. Leeson. (With a Plate.) 

(To Dr. Thomson.) 

SIR, Nottingham, Aug. 11, 1819. 

Knowing the great utility that the gaseous blow-pipe possesses, 
and the advantage it would prove to science and the arts, were it 
not unhappily counteracted by its great liability to explosion, I 
have ventured to send you a degeription of one which I am in 
hopes will prevent that danger. It is, you will see, merely an 
endeavour to. improve upon the various plans recommended in 
your work, which, if it is found to answer the purpose, will 
fully reward my pains, and be, perhaps, of some service to 
others. 
A B, fig. 6 (Plate XCVI), is a box having a division in it. 

The division A is half the size of the division B, and is intended 
to contain the oxygen gas. The division B is to contain the 
hydrogen ; both which gases must be introduced by means of 
the syringe, which is to be fixed to each apartment, and which 
might, to save time, be connected by a cross bar, F, as in fig. 7 : 
cc are two tubes to convey the gases from each apartment 
which enter one common tube at g, and then pass through a 
piece of cane at d; eis a stop-cock to regulate the quantity ; 
oo are the condensing syringes. Should this contrivance not be 
thought sufficiently safe, two more pieces of cane might be 
introduced into the pipes cc ;- or instead of that, some ingenious 
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person might contrive two valves to prevent the mixture of the 
gases from being driven back, and the passage of the flame, 
which would, in my opinion, preclude all possibility of explosion.* 

H. B. LEeson. 

XI. Larch Tree (Pinus Larix). 

The first larch trees ever seen in Scotland were sent to the 
Duke of Athol at Dunkeld, in the year 1738, in two garden-pots. 
They came from Switzerland, and were at first put into the 
ereen-house. By degrees, it was discovered that they could 
bear the winter in Scotland without injury. They were, there- 
fore, planted in the Duke of Athol’s park at Dunkeld, very near 
his house. There they may be still seen, having grown in the 
course of 81 years, which have elapsed since they were planted, 
to the size of very large trees. ‘Their circumference, about a 
foot above the ground, is nearly 18 feet; and-at the height of 
eight feet, the circumference is nearly 14feet. Thus in 8] years 
they have produced as much wood as an oak would in the course 
of several centuries. From these two parent trees have sprung 
all the larches which abound so much in Scotland. 

The larch tree is now almost every where preferred to the 
Scotch fir, which it has in a great measure superseded. It is a 
much more beautiful tree ; it vegetates much more rapidly ; is 
not so difficult to please in a soil; and is at least as hardy, if. 
not more so. The larch wood is not inferior to that of the fir, 
and the bark is purchased by the tanner for about half the price 
that he pays for oak-bark. Trials have been made of it for 
ship-building, which have answered very well. At present, there 
is a cutter building of it at Perth. 

XIL. Wood in Scotland. 

The reproaches which Dr. Johnson in his Journey to the 
Hebrides threw out against Scotland for its want of wood, 
though perhaps a little exaggerated, were probably not very far 
from the truth. That country, about a century before, had been 
covered with old wood ; which, being considered by the proprie- 
tors as of no value, was allowed to fall into decay without any 
effort to preserve it; while the introduction of sheep effectually 
prevented the growth of young wood. Accordingly when the 
old trees fell down from age, the country became quite bare. 
But the reproaches of Dr. Johnson turned the attention of the 
Scottish landlords to planting ; and in many parts of Scotland, 
particularly in Perthshire, the defect of which Dr. Johnson com- 
plained has been completely removed. The two greatest 
eer of trees in that county, and perhaps in Scotland, are the 

uke of Athol and the Earl of Breadalbane. Each of these 
—— I have been informed, has planted at least 60,000,000 
of trees. ’ 

* By the direction of the tubes, cc, the gases will cross oné another, and thereby 
be more completely mixed, 
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7 ARTICLE XII. 

Astronomical, Magnetical, and Meteorological Observations. 
By Col. Beaufoy, F.R.S. 

Bushey Heath, near Stanmore. 
Latitude 51° 27/42" North. Longitude West in time VV 20°7". 

Astronomical Observations. 

July 1, Emersion of Jupiter’s fourth §13h 16’ 27” Mean Time at Bushey. 
SUteMlite suicg nih sities aeisicais ‘3 17 48 Mean Time at Greenwich. 

App. right ascension 6 51 36°6 5 
Comet ie P, distance cor- : ° 17 30:0 oa een Bdtow ike 

rected for refraction F 
3. Immersion of Jupiter’s first 5 11h 57 28 Mean Time at Bushey. 

Batellite...c.s0.'c- ve seeeees CLL 58 49 Mean Time at Greenwich. 
26. Immersion of Jupiter’s first §12 9 19 Mean Timeat Bushey. 

MAtenlitecs.\/.cis ays helajare pt al se 10 40 Mean Time at Greenwich. 

Magnetical Observations, 1819. — Variation West. 

Morning Observ. Noon Obsery. Evening Observ. 
Month, f 

Hour. | Variation. | Hour. Variation. Hour. | Variation. 

July 1} 8h 40’) 24° 30’ 24 1 20/| 24° 41’ 10 7) 55/| 24° 33’ 30% 
2} 8 35] 24 32 58 1 35 |24 41 20 7 30|24 37 OO 
3} 8 40; 24 30 11 1 15 | 24 42 26 7 40; 24 35 43% 
4| 8 35 | 24 82 25 1 25|24 Al 46 7 45) 24 33 39 
5} 8 40! 24 29 Al N 204 24) °A8°716 T 50] 24 36 OL 

6| 8 40] 24 32 58 1 10| 24 41 48 7 40}24 35 O09 
7] 8 AO | 24 37 28 l 30 | 24 44 87 T 40.) 24535 -.37T 
8| 8 40| 24 37 44 1 20} 24 42 gil 7 40] 24 37 20 
9| 8 40] 24 32 15 1 20) 24 41 24 7 40|24 36 06 

10)" 8) 25. \424 30 49 | —, — | —-— = 7 45 |24 35 19 
il} § 40) 24 31 QI 1 40; 24 41 12);— —j— — — 
12| 8 40| 24 28 36 1 20); 24 41 49 7 35124 36 O00 
13} 8 40/24 31 Al 1 20) 24 41 40 % -35) 24 35 33 
14; 8 40) 24 30 30 1 20] 24 42 28 7 $35 | 24> 36 59 

15; 8 40] 24 34 08 1 20|)}24 40 42 7 55 |24 36 OL 
16; 8 40/24 33 48 1 20) 24 41 49 7 40 | 24 37 27 
17} 8 45) 24 33 44 1 25 | 245ge 12 7 40 | 24 36 00 

18; 8 35 | 24 34 31 TY 45 | 24 41 88 7 35 | 24 36 40 

19} 8 40) 24 32 12 1 20; 2 40 20 7 55 | 24 36.18 
20} 8 30| 24 34 26 1 15); 24 4L ILJ— —|—-— — 

21); 8 .45 | 24 33 00 1 25) 24 44 33 1 35 |)24 34 13 
22) & 35" 8482 36 1 15} 24 43 OT 7 35 | 24 35 19 
23; 8 35 | 24 32 54 1 25|}24 44 44);— —|/— — — 
24; 8 35 | 24 32 24 1 20] 24 42 43 7 40 | 24 36 OL 
25| 8 40/24 31 58 1 20] 24 44 19 q 30:\| S4 salen 
26) 8 40) 24 32 25 1 25 | 24 42 02 1 35124 34 44 
27| 8 40 | 24 32 09 1 25) |, Sa ABLES 7 40 | 24 34 56 
28; 8 40/ 24 34 06 1 15 | 24 Al 38 1° 35|24 33 59 

29|' 8 40 | 24 29 02 1 15 | 24 42 03 7 45 |24 36 33 

30| 8 45 | 24 33 58 L Sb) | 84 ay be 7 30|24 34 32 
31) 8 40 | 24 31 929 1 15 | 24 41 44 7 35/]24 35 08 

Mean for ageh é 8 39 | 24 32 31] 1 92/24 42 12] 7 30| 24 35 37 
_— eee —— 
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Meteorological Observations. 

Month. | Time. | Barom. | Ther. | Hyg. | Wind. |Velocity.) Weather, Six’s. 

July Inches. Feet. 
Morn....| 29:366 | 569} 46°] WNW Fine ATL 

1 <jNoon....| 29°387 59 38 WNW Cloudy 61 
Even. 29-400 55 42 WNW Fine 48 
Morn....| 29-423 | 58 | 50 sw Fine t & 

2 \Noon.. | 29:395 | 60 | 52 | SW Rain 62 
Even, 29°342 57 90 SW Rain 562 
Morn....| 29-352 | 61 66 Wsw Cloudy ‘ s 

3 Noon... 29°362 69 45 SW Fine TL 
Even... .| 29°387 55 56 SSW Cloudy BT 
Morn....| 29°346 69 53 SE by S Cloudy : 

AZ \Noon....| 29°346 78 Al Var. Thunder 192 
Even ....| 29-400 70 43 | SW byS Fine 61 

‘ Morn.. --.| 29°403 68 55 WSW Fine ‘ 
= ove) 29482 | TT 43 Var. Fine 18 

Even ....| 29-416 69 56 N by W Thunder 60 
Morn,...| 29-504 62 65 NE Rain ‘ 

of Noon....| 29°498 66 55 ENE Showery | 67 
Even. 29-503 60 13 NNW Rain 57 
Morn....| 29-700 | 60 68 | NWbyN Cloudy : 

4 Noon..../ 29°725 69 AT NE Cloudy 10 
Even....) 29-715 66 A9 NE Very fine 582 
Morn....| 29°585 60 73 | Nby W Rain : = 

& 4 |Noon....| 29:557 65 57 N by W Cloudy 675 
Even....| 29:543 | 64 | 53 | WbyS Cloudy |) ,.2 
Morn....| 29°624 | 58 61 Wsw Cloudy ‘ = 

94 |Noon....| 29°658 65 A5 WSW Fire 69 
Even ....| 29-718 61 A4 WNW Fine 50 
Morn....| 29-668 59 50 Ww Fine : 

104 Noon... — — — _ — 663 
Even ....| 29-628 60 50 WNW Cloudy 53 
Morn....| 29°634 | 60 | 55 |NW by N Cloudy : z 

114 |Noon....| 29°642 | 65 AT NW Cloudy 6T 
: Even....) — — — — — 59 
: Morn....| 29°636 66 54 NW Fine 

124 |Noon....| 29-665 | 71 | 51 NW Cloudy | 722 
Even ....| 29-725 65 50 NE Fine 51 
Morn....| 29-741 | 63 | 53 | NNE Cloudy é 

134 |Noon....| 29°740 | 68 | 46 NNE Cloudy | 682 
Even....| 29°722 | 61 53 NNE Cloudy 51 
Morn,...| 29°721 59 48 | NEbyN Fine 

144 |Noon....| 29°700 | 66 | 44 NE Cloudy | 67 
| Even... .|-29°640 60 53 NE Fine 

Morn....| 29°605 | 56 58 NE Sm. rain ' 
| 154 |Noon....| 29.581 60 50 NE Fine 6T 

Even ....| 29°566 58 53 NNE Very fine 
Morn....| 29-567 | 56 | 55 | NE Cloudy. |¢ 52 

164 |Noon....| 29-567 | 66 | 57 | NbyE Cloudy | 68 
Even ....| 29°567 | 62 53 NNE 

...| 29°560 
.| 29-580 

«--| 29°600 

Morn.... 
184 |Noon.... 

Even.... 

29°568 
29°500 
29°434 



238 Col. Beaufoy’s Meteorological Observations. [Srrr. 

Meteorological Observations continued. 

Month, | Time. } Barom. | Ther.| Hyg. Wind. |Velocity.| Weather. |Six’s, 

* July Inches, Feet, 
Morn..,.| 29°215 62° 54° Ss Fine 57 

192 |Noon,...| 29°136 | 72 53 SW Very fine} 723 
Even....| 29°038 | 64 54 SSE Rain 59 
Morn,...| 28°879 | 54 | 68 SSE Cloudy ‘ _ 

20< |Noon,...} 28°874 | 72 42 SSE Cloudy 142 
Even...) — = — — _ ‘ al 
Morn....| 29°505 52 82 N Rain 

21< |Noon....} 29°145 55 76 N Rain bi 
Even ....| 29.289 55 73 NNW Cloudy 483 
Morn....| 29°518 58 55 NNW Fine ‘ 

22< |Noon 29°579 64 45 | NWbyN Fine 664 
Even....| 29°612 61 A9 NW Very fine ‘ 52 
Morn 29°700 61 51 Ww Very fine 

at Noon....| 29°715 69 35 Var. Very fine] 72 
Even... — — a i — , 593 

f Morn....| 29°753 | 67 53 Nby W Fine 
24< |Noon....| 29°756 15 39 NE Fine _ 18% 
U Byen....} 29°T20 69 A8 E Fine ‘ 562 

Morn....| 29°663 65 50 E Very fine 3 
25 |Noon....} 29650 | 74 | 36 E Very fine} 745 

Even....| 29°600 67 A4 ESE Fine : 552 
Morn....{ 29-603 62 AQ NE Fine = 

20) Noon....| 29°610 72 30 Var, Very fine] “74 
Even....| 29-643 67 55 E Very fine ‘ 54 
Morn....| 29°700 59 62 NE Cloudy 

27< |Noon....| 29°7T05 69 A5 NE Fine 132 
Even....| 29°705 64 A5 NNE Fine ‘ BT 
Morn....| 29°750 62 56 NE | Fine 

28} Noon..-.} 29°759 69 A9 NE Fine “72 
Even+.--+| 29:760 | 63 54 NE Fine : 55 
Morn--.-} 29°720 61 60 NE Cloudy 

29< |Noon----| 29°700 | 75 31 NE. Fine Vg 
Even -...} 29°679 — — E Very fine ‘ 56% 
Morn----| 29°660 | 65 56 NNE Very fine 

804 |Noon....| 29°655 76 29 E Very fine} 79% 
Even....} 29°652 70 32 ENE , Very fine 592 
Morn'***| 29'600 | 68 54 NNE Clear 2 

31 Noon... 29°573 76 33 NNE Much thun, 805 

Even ....| 29°570 69 40 EbyS Fine 

Rain, by the pluviameter, between noon the Ist of July 
and noon the Ist of August, 1:514 inch. Evaporation during 
the same period 4°93 inches. 
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ARTICLE XIII. 

METEOROLOGICAL TABLE. 
—— 

THERMOMETER, | 

Max. | Min, Evap. |Rain., 

BAROMETER, 

1819, Wind. | Max.| Min, 
————— 

— 

7th Mo. 
July 1IN W/29:92/29'88] 65 | a7 | — 

2S —W/29-92\29:87| 70 et ea 
3\S W1/29°87/29'82] 80 54 36 
4) Var. |29°85}29'82] 86 | 59 | — 
S\N W/29:96)29°85) - 85 58 29 
6IN W)30°18/29:96| 74 56° |) eee 7IN W'30-18/30-06! 81 55 nt O 8IN W/)30:12/30-01| 69 53 — 
9|IN -W/30'17/30'15} 73 48 = 10/N _W/30:15/30°19| 73 51 AA 11IN W/30°12/30:12 7o | 60 | — 
12N  W/30°18/30'12| 75 57 — 13.N  E/30-18/30-18| 72 bP aay pee 14,N —_E/30°18/30:09] 74 53 40 € 15N  E/30-09/3008| 72 ee a 16N _E)30:08/30:07] 78 rye ae 17|N_ W/30:07|30-04] 77 57 SO) me 18] W_ |30:04/99:79] 77 pale ga 19'S W\29°72/29-29 78 5g: 3 ae a te 20/8 W)29:45/29:27! 81 51 Lh 12 155 21.N W\29:96\29:45| 64 AT 50 
22.N W/30°16/29-96] 70 AQ = 23/N N W\30:21130°16| 82 50: 4¥r ae @ 24. NN W/30-21|30°13] 35 52 40 25S  )30-13/30-07|_ 79 i an ieee 26.N _ E)30°17|\30°:13) 79 | a7 | — 27|_N_ |30:20)/30:17| 77 56 43 
28IN _E/30°19 30:17] 78 52 — 29'N  £)30'17|30'13! 81 ee tga 30IN _ E\30°13/30-08! 84. 57 54 ) 31IN  E/30:05'30:02] 85 56 15 

| 50°21129°271 86 | 42 | 3-80 | 145 
The observations in each line of the table apply to a period of twenty-four - hours, beginning at 9 A.M. on the day indicated in the first column, A dash denotes, that the result is included in the next following observation, 
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REMARKS, 

Sixth Month.—1. Fine. 2. Fine,a,m,: cloudy, p.m.: rain, 3. Fine: Cumu- 
lus. 4, Fine: Cumulus, Cirrocumulus. 5. Fine: Cirrus, 6. Rainy: some 

thunder, 7. Cloudy and fine. 8. Cloudy: some rain, 9, Morning overcast: 
fine, with Cirrus, p.m. 10. Cloudy, 11. Clouds in various modifications : 

evening evercast. 12. Cloudy: wind NE p.m. 13—17, Fine. 18, Fine: 

evening overcast. 19, Fine day: rain in the night, 20, Morning fine: noon 

overcast: wind to NW: rainy night, 21. Overcast: windy: cold air. 22. Clear 

morning: Cirrus, Cirrocumulus. 23—28. Fine. 29. Overcast: fine, p.m. : 

Cirrus, Cirrocumulus. 30. Cumulus, Cirrus. 31, Fine. 

. 

RESULTS, 

Winds: N,1; NE,9; SE,1; SW,4; W,1; NW, 14. 

Barometer: Mean heights (the extremes are at the foot of the 

table): 

For. the month: . 253. .0% os aujle vider seamed bs peethhc) SOS leinches. 
For the lunar period (beginning with the day of the 

third quarter, and including the observations of 
the last table) ...... eee ale Bisleeyiv'e Hehe ec eercecene 29992 

For 12 days, with the moon in south declination 

(ending with the 12th inst.)............-.+22.-- 30°16 

For 15 daya, with the moon in north declination 

(ending 27th inst.) o. 2... csc cee ew oe veincsnntes 7 SOUS 

Thermometer; Mean heights (the extremes are at the foot of the 

table): 

Ror thermontlie: «co Fob. op sree oc sie’s «vous oe ee aes OL OOS 

For 31 days with the sun in Cancer............... 63°84 

Hygrometer: Mean for the month at 9, a. M......-.seseeeeeeress 63 

Evaporation for the month. ..,....0scecceccsceccececeeseseessees 3°80 inches, 

MAIN Ss Ssahewe ne neiicate Sees sc cbecb te dehcs Actecde rane eee 1 45 

The rain appears to have fallen chiefly about New and Full Moon, and innearly 
equal proportions to each. This is the sum of products afforded by a gauge placed 
about eight feet above the ground: another on the ground gave 1°60 inch, and this 
will be employed in future, The character of the month was decidedly that of 
fine weather. A previous cloudy season having kept the sky obscured at night, a 
splendid comet, which must have been for several days near enough to us to be 
visible, disclosed the secret of its presence on the night of the 3d, and was scarcely 
afterwards seen in this neighbourhood to greater advantage than at this its first 
appearance. 

Laboratory, Stratford, Eighth Month, 25,1819, L,. HOWARD, 
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ArTic.e I. 

On the Oxides and Salts of Mercury. By Mr. Donovan. 

Part I. 

"THE combinations of mercury, whether regarded as having been 
the cause of a revolution in medicine or in chemistry, are enti- 
tled to the highest consideration. Indeed their value seems to 
have been duly appreciated. The number of inquirers is consi- 
derable, but the results of their investigations are so different, 
that the subject is still involved in perplexity. 

Chemists have differed as to the number of mercurial oxides, 
as well as to the ratio of their elements. It is the principal 
design of the present inquiry, first, to ascertain the constitution 
of the two oxides that have been universally admitted; and next 
to discover whether or not there be any others. 

The diversity of opinion with regard to the ratio of oxygen in 
the oxides will appear by the following table : 

One hundred parts of One hundred parts 
of metal take up 
of oxygen, 

Black Red 
oxide. | oxide. 

Black oxide con-;Red oxide con- 
sist of sist of 

Metal, |Oxygen.| Metal. | Oxygen. 
— 

Boerhaave............| = _ 90:73 9:27 _ 10-00 
BEIMADs +s ccccr0aceds|,, <= — 92-60 7-40 _ 8-00 
Mavotster..... och. cee — _ 93-00 7-00 — 752 
Ohaptal...45.....0... ae ~ 90-00 | 10-00 ts 11°10 
Bergman. ............ 96°15 | 3:00 — _ 3-10 — 
. 7 aes 97°60 2°30 — — 2°35 — 
Fourcroy, aod Thenard| 96-16 3°84 92-60 7-40 4-00 8-00 
ane ee 96-20 3:80 92°70 7°30 3:94 7°88 
Chenevix.,...........| 89°30 | 10-70 85°00 | 15:00 11°98 17-60 
Zaboada........+-.+ -| 95°00 5:00 90:00 | 10:00 5°26 11-10 
Braamcamp and Si- : 

queira Oliva .......] 92°50 7°50 90-00 
Sefstrom 5 .bis0,-.... 96°20 3°80 92°68 

Vor. XIV. N° IV. Q 
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In examining the number of the oxides of mercury, it was 
necessary to have some standard analysis of the black and red 
to compare with those contained in the salts. As from the great 
difference of the foregoing statements, I could not determine 
which to adopt ; and as there are circumstances in obtaining the 
black oxide, which, not being hitherto known, were not attended 
to, I thought it adviseable to go through the analysis of the black 
and red oxides as a preliminary step. What these circumstances 
are will appear from the following section. 

Sect. I.—Action of the pure Alkalies and Alkaline Earths on the 
Salts of Mercury. 

1, With a view of obtaining black oxide of mercury, I treated 
calomel in different ways, with solution of pure potash, such as 
boiling, trituration, &c. and in this way obtained oxides differing 
in the intensity of their shade. When a large quantity of calomel 
was triturated with small quantities of solution of potash, until 
further additions came off strongly alkaline, a powder of a dark 
olive colour was obtained. 

2. When muriatic acid was digested on this powder, it became 
greyish-white. When the liquid part was filtered off, and_pot- 
ash added to it, a bright yellow powder was precipitated. When 
the greyish-white powder remaining on the filter was treated 
with potash, it afforded a black powder. When this black 
powder was digested with muriatic acid as before, the filtered 
solution afforded no yellow precipitate with potash. 

3. Thus the oxide contamed in calomel had been resolved into 
a black and a yellow portion. From this, it appeared that this 
oxide is intermediate between the black and the peroxide; and 
hence it would follow that calomel is a muriate of the deutoxide, 
and that the true protomuriate would be the greyish-white 
powder. Accordingly when this powder was sublimed, a large 
quantity of metallic mercury was obtained along with a muriate 
which afforded black and yellow oxide like calomel. But these 
inferences are only apparently true, as will appear. 

4, These processes being repeated a number of times, the 
same results were sometimes obtained, but often they were quite 
different. At length it appeared that the manner of using the 
alkali was the cause of the difference. When a very small 
quantity of calomel (about 10 gr.) was well triturated with a little 
water, and afterwards with a large quantity of alkaline solution, 
poured on at one dash, an intensely black oxide was produced, 
which, when digested with muriatic acid, afforded no yellow 
oxide to it. When a small quantity of calomel was triturated 
with successive small portions of alkaline solution, the oxide 
separated was grey, and gave alittle yellow oxide to muriatic acid. 
But when the quantity of calomel was great, and successive 
portions of alkaline solution small, the resulting powder contained 
a great quantity of yellow oxide mixed with black, and hence its 
colour was olive green. In certain cases also, I found that by_ 
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boiling alkaline solution on calomel, the filtered) solution on 
cooling Jet falla yellow oxide. These were the circumstances of 
the three different results. 

5. From a variety of considerations, to be detailed hereafter, 
it appeared that the black powder is the real oxide contained in 
calomel ; and hence as the green oxide is a mixture of the black 
and yellow, the additional dose of oxygen must be derived from 
another portion of the black. But as there is no known inter- 
mediate degree between the black oxide and the metal, | con- 
cluded that a portion must have been reduced to the metallic 
state. On submitting some of the powder to the microscope, I 
observed innumerable minute globules ; and these could be 
collected into one by triturating the powder, when perfectly dry, 
inamortar. By the same management both the grey and black 
powder (4) afforded metallic mercury. In many cases, the 
quantity of mercury was alike: the average was about 25 per 
cent. 

6. The experiments were repeated in various ways on the 
muriate, nitrate, sulphate, and acetate of mercury, the metal 
being in the first degree of oxidation in each. With these salts, 
the solutions of potash, soda, ammonia, and lime, were used: in 
all cases the mercury was in part reduced to the metallic state ; 
and in no case could I obtain a pure black oxide. 

7. Hence the whole of the preceding amounts to this, that 
pure alkaline substances not only deprive the protosalts of 
mercury of their acid, but also their bases of a part of their 
oxygen; and this portion of oxygen, in some cases, unites with 
the remaining portion of the oxide, and when the quantity is very 
small passes into new combinations. What these combinations 
are I have not been able to determine. It is easy to conceive. 
that the minute quantity of oxygen belonging to a few grains of 
metal might elude detection. It appears, therefore, that the 
oxide as usually obtained is not the protoxide, but contains either 
peroxide, or metal, or both ; and hence that the analysis given 
of this substance must want precision. 

8. To ascertain whether alkalies decompose the oxide con- 
tained in the oxygenized salts of mercury, | dissolved different 
portions of pure red oxide in dilute nitric, sulphuric, and mumiatic 
acids. The oxide precipitated from each by a large quantity. of 
potash was found to be unchanged. 

Il. Analysis of the Protoaide and Peroxide of Mercury. 

9. From the last section, it appears that pure black oxide of 
mercury is not obtained by the usual process of decomposition : 
either the resulting oxide will contain metallic mercury, or part 
will be brought to the state of peroxide; while mercury is 
reduced ; and as this portion, on account of its specific gravity, 
occupies the lowest stratum, a is hence an unequal dietrtits 

Q 
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tion of the oxygen, although the absolute quantity may remain 
the same. In'the former case, the ratio of oxygen afforded by 
analysis would be too small; in the latter, unless the whole 
product of the decompcsition were employed, the ratio of oxygen 
would be too large. 

10. By long continued agitation, m Boerhaave’s mode, the 
mercury is partly oxidized; but a great portion is only minutely 
divided. From such a powder as this, Dr. Priestly obtained a 
large quantity of metallic mercury. Beside that, if the mercury 
e pure, agitation has but little effect im oxidatmg it. This is, 

therefore, a bad mode of forming this oxide. 
11. [endeavoured to obtain pure black oxide by triturating 

mercury with syrup; but after continued trituration of 60 gr. of 
the metal for 40 hours, I obtained 54 gr. of unaltered metal : 
hence there were but 6 gr. oxidized. 

12. After various attempts to procure black oxide fit for 
analysis, | was obliged to proceed in the following manner. 
About six grains of calomel were triturated well with a little 
water, and a quantity of solution of pure potash was dashed at 
once over it during brisk trituration. This process was repeated 
several times, with new portions of calomel, until a sufficiency 
of oxide was obtained. This powder did not contain a particle 
of red oxide. It was extremely well dried in the shade, and 
triturated until it would give out no more globules of mercury. 
There might be, perhaps, a few grains of metal still concealed, 
but the quantity must have been too small to influence the result 
of the analysis. The globules were easily collected into one, 
and separated. 

13. Fifty grams of this oxide were introduced into a green 
glass tube, 10 inches long, and + diameter, sealed at one end. 
The part of the tube which contained the oxide was gradually 
heated to redness in a charcoal fire. A quantity of mercury 
sublimed, but a portion of it at that high temperature, united. 
with the oxygen present, and formed red oxide. By means of: 
a polished iron scraper nicely adapted to the cylindricity of the 
tube, I scraped down to the bottom every thing that had sub- 
limed, and introduced a capillary tube, by means of which the 
large tube was filled with hydrogen. The end of the large tube 
was again heated to redness, and when cold, the same process 
was repeated with the scraper, and the tube again filled with 
hydrogen. The third heating had reduced the oxide completely, 
but a white powder remained which was not metallic ; it was 
probably abraded from the mortar during: the trituration. The 
oxide-employed in the analysis, I found, by a previous experi- 
ment, to contam water. The result of the analysis was as 
follows: Mercury, 47-48; oxygen, 1-96; water, 0:31; earthy 
residue, 0°25. Therefore, deducting the two latter ingredients, 
the analysis of the black oxide will be 
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‘Mercury. + iene etm P 96-04 
Oxygen. ...250¢¢ pkals Sean’. oh 3°96 

| 100-00 

14. To discover the composition of the red oxide, I made use 
of that prepared by heat alone, commonly called calcined 
mercury: 50 grains of this were introduced into # green glass 
tube, like the former, and the end of the tube was gradually 
heated to redness, and maintained so until the decomposition 
was complete. There was no trace of water, the mercury came 
over easily, and was quite bright, and there was no need of 
filling the tube with hydrogen, or ofa second heating. The 
mercury, when collected, weighed +62 gr.; there were minute 
grains of some foreign body weighing 3 gr. which, being 
deducted from the original oxide, gives its analysis as follows ; 

VRE Y i alee! ad nelsanee l= wise 92°75 
OSE). a> p merers ei lees 7°25 

100-00 

15. From these analyses, it would appear that 100 parts of 
' mercury take up to form black oxide, 4°12; and to form red 

oxide, 7°82. Myvestimate of the red oxide agrees very nearly 
with the analyses of Kirwan, Lavoisier, Fourcroy, Thenard, 
Davy, and Sefstrom ; but the four latter rate the oxygen in the 
black oxide lower, it being just half of what enters into the red. 
These philosophers, however, used ‘a black oxide which. con- 
tained a metallic mercury, and I separated that portion from 
mine: hence the difference, probably. My analysis of the black 
oxide, being not exactly coincident with the doctrine of definite 
proportions, may be thought inaccurate. The difference, how- 
eyer, is not great: if the red consist of 7:82 for every 100 of 
mereury, the black would consist of 3°91; whereas | rate it at ~ 
4:12—-a difference of about 1th of a grain; and notwithstanding 
the smallness of this discordance, I could not, although the 
experiments were often repeated, bring out any other result, 

Ill. On certain Properties of the Mercurial Oxides. 

Previously to entering on the constitution of the salts of mer- 
cury, it will be expedient to state certain properties of the 
oxides, a knowledge of which is necessary to avoid errors that 
otherwise we might fallinto with regard to their nature. 
_ 16. When the black oxide of mercury is exposed to heat, it 
is known to become yellow. The circumstances of this change 
| find to be as follow. An additional dose of oxygen is absorbed, 
but it is not from the atmosphere, as is commonly supposed. 
Part of the oxide is reduced, the mercury is volatilized, or 
remains, if the heat be low; while the oxygen liberated imme- 
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diately combines with the rest of the oxide, which changes to 
yellow. This yellow powder I analyzed im the manner already 
detailed (14), and obtained its elements almost precisely in the 
same ratio as constitutes the red oxide ; the difference of colour 
being caused by the different state of aggregation. 

17. If the heat be about 212°, the above-mentioned change 
takes place slowly; but if the black oxide be boiled in water, 
the colour changes more speedily; the black colour changes to 
olive-green, and black and red oxides with metallic mercury are 
obtained. 

18. When red oxide of mercury is exposed merely to a red 
heat, it becomes black, but I satisfied myself ‘that there is no 
change in its degree of oxidation, as will presently appear. 

19. When red oxide under water is exposed to light, bubbles 
of oxygen appear, and black. oxide may be detected in the 
remaining powder. And if dry levigated red oxide be exposed 
to light, it soon becomes coated with black oxide. 

20. Mercury, perhaps, presents an exception to the general 
law, that the second dose of oxygen is retained by a metal with 
less force than the first. If red oxide of mercury in grains be 
exposed nearly to a red heat, it becomes black, but it is still 
peroxide ; for if immersed in mercury or water, so as to exclude 
oxygen, it comes out when cold even a brighter red than before. 
The red oxide bears a much higher heat than the black. When 
black oxide is exposed to a moderate heat, part is reduced, and 
part is raised to the state of peroxide, which then bears even a 
low red heat unaltered. It is true that light renders red oxide 
black, but this is only in its progress to the metallic state. All 
these facts appear to support the exception. 

Parr Il. 

It has been supposed by chemists, that beside the black and 
red oxides of mercury, there are others, which, although not 
known in the insulated form, nevertheless exist in the various 
salts. Bya careful examination of these salts, and by a compa- 
rison of the salts formed by combination of acids with oxides of 
known composition, with those salts produced in the common 
way, this pomt may be ascertained. In the progress of this part 
of the inquiry, I shall have to describe some new salts of mercury, 
and to point out some new circumstances of the formation.of 
those already known. 

Sect. I.—Combination of the Nitric Acid with the Oxides of 
Mercury. 

21. When mercury is added by small quantities to very dilute 
nitric acid, the fluid being kept continually cold, a solution is 
obtained, the nature of which has been very differently stated. 
Itis generally supposed that thé mercury is at the minimum of 
oxidation; but some have conceived that the oxide is interme- 
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diate between the black and red. Dr. Thomson is of this latter 
opinion. He supposes this deutoxide to be identical with that 
estimated by Chenevix at 89-3 mercury, and 10-7 oxygen, and 
the same as the yellow powder which appears during the calci- 
nation of mercury, the mercury first becoming black, next yellow, 
and lastly red. Other chemists conceive that if heat be applied 
during the solution of the mercury, the metal unites to several 
doses of oxygen, according to the degree of heat, the ratio of 
mercury to the acid, and the length of time; and that several 
nitrates may be thus formed, which to alkalies afford precipitates 
of different colours. The writer of the article “ Mercury” in 
Rees’s Cyclopedia states, that when lime-water is added to 
solution of nitrate of mercury made in the cold, a yellow preci- 
pitate appears, which is an oxide distinct from the black and the 
red. He modifies his calculations accordingly, and describes 
some of the combinations of this oxide. 

22. With a view of coming to some determination with regard 
to these very different statements, I made cold solutions of 
mercury in nitrous acid of various degrees of concentration. In 
some cases, the acid was little stronger than barely to act on the 
metal; the latter was added by grains at distinct intervals, and 
the vessel was kept immersed in cold water. Each of these 
solutions being decomposed by muriate of soda, the filtered 
liquor gave with potash a copious deposition of peroxide. I 
satisfied myself that this was not owing to any partition of oxy- 
gen during the precipitation, for a nitrate prepared by dissolving 
black oxide in dilute acid, and precipitated by salt, afforded no 
‘peroxide to potash. The numerous trials I made led me to the 
following general conclusion. 

When nitrous acid of any effective strength is made to act on 
mercury in the cold, the metal'is partly oxidized to the minimum, 
and partly to the maximum; the greater the ratio of acid, the 
greater will be the quantity of peroxide produced. There are, 
therefore, two nitrates produced together. 

That this solution contains none other but these two salts 
appears from the following. If the solution, not too acid, be 
concentrated by evaporation, or without evaporation if the 
original acid had been about specific gravity 1-280, a quantity 
of crystals will be formed, which are the real nitrate containing 
the black oxide, and no other. If the mother liquor be further 
evaporated, more of the same salt will be obtained ; but when 
all the nitrate has crystallized, the remaining liquor will be found 
to contain the peroxide with only the least traces of the black ; 
and when evaporated to dryness, a white salt will result in every 
respect resembling that prepared by solution of peroxide in nitric 
acid. Hence the original solution was a mixture of nitrate and 
oxynitrate, but not a nitrate of a medium oxide. . 

23. The formation of the nitrate in the solution has been sup- 
posed to be limited by two circumstances ; first, that the solution 
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should be made in the cold; and secondly, that there should be 
some mercury present which the acid could not dissolve. But 
it will be found that neither of these circumstances is necessary. 
If heat be used, there should not, however, be a great excess of 
concentrated acid. 

24. When the crystals of nitrate are purified by a second 
crystallization, and are decomposed by salt, potash will not 
precipitate a particle of red oxide, or any other oxide, from the 
residual liquor ;.and when lime-water is added to a solution of 
this nitrate, there is no deposition of a yellow oxide. The yellow 
precipitate obtained by the writer in Rees’s Cyclopedia, above 
referred to, was not an oxide, but.a subnitrate mixed with sub- 
oxynitrate, as will be explained hereafter. ' 

25. To ascertain the influence of heat, in determining . the 
oxidation of mercury by nitric acid, I dissolved 60 gr. of the 
metal in two measured drachms of nitric acid (1-275) by heat. 
The solution was mixed with an excess of solution of muriate of 
soda. The calomel, when dried, weighed 14 gr. The filtered 
liquor was precipitated by an excess of pure potash; the red 
oxide, when dry, weighed 50 gr. The same quantities were 
treated in the same manner, but that the solution was effected 
in the cold. The calomel weighed 35 gr. the red oxide 28 gr. 
In both cases there was the loss ofa minute quantity of mercury. 

26. Muriate of soda mixed with solution of nitrate, prepared 
in the cold, occasions an effervescence, owing to the escape of 
nitrous gas, which the solution held dissolved ; but if the solu- 
tion be previously heated, there is no effervescence. 

27. The crystals of nitrate of mercury have been stated by 
some writers as deliquescent ; but in this case there is always a 
large portion of oxynitrate present. The nitrate is a permanent 
salt, requiring a tolerably large quantity of water for solution. 
These crystals have been also supposed to dissolve in water 
without decomposition ; but this is not the case, unless the water 
be acidulated with nitric acid. ~ 

28. It has been stated by chemists, that when nitrate of 
mercury is exposed to air, the salt becomes yellow, and the metal 
passes to a higher degree of oxidation. I find that this change 
of colour does not depend on.the absorption of oxygen, but on 
the dissipation of the acid, a subnitrate being the result; and 
this never happens but when the crystals have been formed in a 
solution that has but a small excess of acid. The oxide con- 
tained in this yellow salt is the black. 

29. When nitrate of mercury is mixed with water, a white 
precipitate appears, which has been considered subnitrate of 
mercury, and toa certain extent is so. When washed with - 
large quantities of cold water, it becomes yellow ; and if with 
beiling water, each washing will at length let fall a blue-grey 
deposit. Precisely the same blue-grey powder is produced by 
triturating black oxide of mercury with cold dilute nitric acid. 
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This is the true subnitrate ; it is yellow when it contains more 
acid, and white when nearly saturated. 

30. When a few drops of an alkaline or earthy solution are 
mixed with solution of nitrate of mercury, a white powder 
appears; if more alkali be added, the white powder becomes 

grey ; at length dark grey : this is the same subnitrate. Further 

additions of the alkali take up the whole of the acid, and the 
oxide is left according to the conditions already detailed (4). | 

31. When red oxide of mercury is dissolved in dilute nitric 
acid, and evaporated to dryness, a white crystalline mass is 
obtained, which deliquesces, although not to perfect fluidity. 
This is oxynitrate of mercury. f 

The same salt is formed by boiling crystals of nitrate of mer- 
cury in nitric acid, an effervescence being excited owing to the 
abstraction of oxygen, or by dissolving mercury in a large quan~ 
tity of nitric acid, and evaporating to dryness. This sait, in a 
certain quantity, is formed in every case where mercury and nitric 
acid, of whatever strength, are suffered to act on each other, 
and remains dissolved after all the nitrate has been separated loy 
crystallization. 

_ Cold water, unless acidulated, decomposes the oxynitrate into 
an acidulous soluble portion, and an insoluble brown powder. A 
stream of sulphuretted hydrogen, passed through this powder, 
separates nitrous acid, so that this is suboxynitrate. By means 
of boiling water, Thenard. separated the whole of the nitrous 
acid. 

32. Under ordinaw circumstances, if nitric acid be boiled on 
mercury, and the solution evaporated to dryness, a yellow mass 
is produced, which has been supposed to be oxynitrate ; and 
the yellow powder which may be obtained from it by means of 
cold water has been stated as suboxynitrate. But this is not so, 
for the yellow mass is a mixture of nitrate and oxynitrate with 
their subsalts. When cold water is added, the nitrate affords 
whitish-yellow subnitrate, the oxynitrate gives reddish-brown 
suboxynitrate, and the mixture of these produces the yellow 
powder which has been mistaken for nitrous turbith. If the 
water be boiling, the subnitrate is still further deprived of its 
acid, and becomes the blue-grey subsalt, the intermixture of 
which with the rest gives the greenish tinge. The real. nitrous: 
turbith is red-brown. 

33. It is mow necessary to ascertain the constitution of the 
oxides that form salts by combination with nitric acid. The 
nitrate and subnitrate evidently contain the same oxide, and 
when this is separated by means of potash, its analysis is that 
which has been already stated (13). The same thing is shown 
synthetically ; for when black oxide is presented to nitric acid, 
either of these salts is produced according to the dilution, and 
no gas is evolved. ; 

That the oxynitrate and suboxynitrate contain the same oxide, 
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and that this is the red, is proved:also by synthetical experi- 
ments, the red oxide forming these salts by simple solution in 
dilute nitric acid, no gas being discharged, and the oxide being 
separated unaltered by alkalies. 

34. That the solution of mercury in nitrous acid (22) contains 
nothing but nitrate and oxynitrate has been already proved : to do 
so more satisfactorily, I added muriate of soda to such a solu- 
tion. The calomel being separated by filtration, the clear liquor 
was precipitated by pure potash; the powder after edulcoration. 
and dessiccation was heated to redness in a green glass tube, as 
already described (14), and the result with the proper allowance 
for moisture convinced me that it was the peroxide containing 
7°25 per cent. of oxygen. 

35. When the nitrate of mercury is heated, it is partly decom- 
posed, the oxygen of the acid uniting to the oxide. If the heat 
be sufficient, the mass passes into a beautiful red crystalline 
powder, commonly called “ red precipitate of mercury.” | Whe- 
ther this substance be a subnitrate, or an oxide, has been much 
disputed. Lemery says, “ if spirit of salammoniac be sprinkled 
on red precipitate, a grey powder is obtained.” | Neumann 
affirms that if spirit of wine be distilled from red precipitate, a 
spiritus nitri dulcis is obtained. And Boerhaave says, that red 
precipitate, by the action of oil of tartar, is changed to another 
powder. These changes only happen, when the nitrate of 
mercury has been but half calcined; and from these imperfect 
observations originated the present opinion. 

36. Indeed the experiment of Dr. Murray, of Edinburgh, 
proves, that red precipitate is sometimes still so badly prepared 
as to contain nitrous acid. He found that by boiling it in water, 
and adding ammonia, there was a precipitate. I find also that 
if pure red oxide of mercury be boiled in water, and if very little 
dilute ammonia be added, a white cloud is produced ; for boiling 
water dissolves a little oxide of mercury. For success, the 
ammonia must be very dilute, and small in quantity. 

37. To ascertain the point in question, whether this powder 
be a subsalt or an oxide, I levigated 120 gr. of red precipitate, 
diffused it in an ounce of distilled water, and through this passed 
an incessant current of washed sulphuretted hydrogen during 48 
hours. The sulphuret of mercury being filtered off, the clear 
liquor was distilled in a small retort until but one or two drops 
remained inthe belly. Here, had there been any acid, it would be 
found concentrated, but it did not affect litmus, nor was litmus 
paper hung in the vapour, while the distillation went forward, 
affected. I repeated the very same experiment, except that one 
grain of nitric acid was previously boiled with the red precipi- 
tate and water. At the end of tke distillation, the remaining 
five or six drops instantly reddened litmus. -This seemed to 
prove that well prepared red precipitate contains no nitrous acid, 
and is a true oxide of mercury. 

5 
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38. The analysis of this oxide is stated by Paysse at 18 per 
cent of oxygen. Chaptal obtained so much as 20 per cent. 
while what is considered peroxide contains but 7 or 8. From 
this, red precipitate would appear to be a distinct oxide, and 
that in the highest degree of oxidation. 

To ascertain this point, I heated 50 gr. of red precipitate for 
10 minutes in a green glass tube to about 350°, and obtained 
45 of water, which I afterwards found to be hygrometric. The 
analysis was then conducted in the manner already detailed (13); 
the reduced mercury being scraped down, the tube filled with 
hydrogen, and the heating repeated, for all this was necessary, 
although it was not in the case of calcined mercury. Jn this 
manner I was surprised to find that the analysis of this exactly 
corresponded with that of calcined mercury, the oxygen amount~- 
ing to but 7:2 per cent. instead of 18 or 20. Perhaps Paysse 
and Chaptal examined a red precipitate which contained some 
undecomposed nitrate of mercury. 

Hence it appears that red precipitate is precisely the same as 
the red oxide prepared by calcination ; and it is no objection .to 
urge the poisonous and escharotic effects attributed to the 
former; they apply equally to both, or more properly to neither. 
John de Vigo used red precipitate internally in the dose of three 
or four grains as a remedy against the plague. Mathiolus, 
almost three centuries ago, used it in the cure of the venereal 
disease in the dose of five grains, but declares it dangerous 
unless previously well washed in plantain water. Lemery him- 
self gave it in doses of three or four grains. For my own part I 
ventured, as an experiment, to take it in the dose of one grain 
at intervals of two days, but well levigated, and I could find no 
effect of any kind from it. When it produces violent effects, it 
perhaps has not been well levigated, or contains undecomposed 
oxynitrate. j 

rom all the foregoing observations on the combinations of 
nitric acid and mercury, it appears that none of these salts. 
afford any other oxide than the black and the red. We shall 
next proceed to the consideration of the sulphuric acid. 

(To be continued.) 

Articte II. 

On Cyder Making, with Queries. By the Rev. J. Venables. 

(To Dr. Thomson.) | 
SIR, 

As I have always considered the scientific journals of the 
present day as a medium through which not only the learned 
may communicate the result of their researches to the public, 
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but also the humble inquirer after knowledge propose his diffi- 
culties for solution by abler heads, I will without further preface 
request the assistance, of some of your chemical correspondents 
to throw some light upon a few of the difficulties to be met with 
in an art of some consequence to the country, and at the present 
moment of peculiar interest—l mean the art of making cyder. 

In order to make cyder in perfection, I conceive that: three 
things are requisite ; first, that the juices should be extracted 
from the apples in their perfect state of ripeness ; secondly, that 
those juices should be free from impure mixture; and thirdly, that 
the fermentation should be so managed that the liquor may be 
injured neither by the carbonic acid gas evolved at that period, 
nor by the subsequent absorption of the atmospheric air. A 
little consideration of the most common defects under each of 
these heads may lead, perhaps, to a more correct process in the 
manufacture of a liquor that is capable of being brought to a 
great degree of perfection. 
ol. Apples in their unripe state contain a superabundance of 

the malic acid, and are almost destitute of sugar. As they 
approach to maturity, nature converts the greater part of this 
acid into sugar. Now if we examine the apples as they are 
generally brought to the cyder press, we shall find that they are 
rarely quite ripe. Sometimes they are not suffered to remain 
long enough upon the trees, sometimes the want of warm and 
genial suns m this cloudy atmosphere leaves them m an imma- 
ture state. Supposing, therefore, the apple in its mpe and 
perfect state to contain the ingredients of cyder in their just and 
right proportion, it is evident that the liquor from the press, as 
we generally findit, must contain a superabundance of the malic. 
acid and a deficiency of sugar, and our operations must be 
directed so as to remedy these faults. To increase the quantity 
of sugar, the most natural and obvious method is to suffer the 
fruit to remain upon the trees until it will drop with the slightest 
concussion. When gathered, it should be placed in heaps to 
sweat, as it is commonly called; that is, to mellow by a gentle 
fermentation ; and when the fruit has been ground in the mill, 
the pulp, we are told by an able physiologist, should be spread 
and exposed to the action of the atmosphere for 24 hours, or 
longer, before it is pressed. In this state it is said to imbibe 
from the air those principles which are necessary for the further 
conversion of the malic acid into sugar. 

Still as an attention to these particulars will rarely make up 
that proportion of sugar which is to be found in rich and well- 
ripened apples, I do not hesitate to recommend the deficiency 
to be supplied from other sources. When the fermentation first 
begins, 40 Ibs. of coarse West India sugar may be added to each 
hogshead of cyder, : 

1 have already supposed the natural proportion of the malic 
acid in rich and well-ripened fruit to be correct ; but in the 

7 
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immature apples of a country which, compared with others, 
enjoys so little of the sun, the quantity of malic acid must 
evidently be excessive. In what way this may be best diminished 
and a part of it neutralized, | trust some of your chemical friends 
will be so obliging as to mform me. 

2. We are told by chemists that a certain portion of vegetable 
mucilage is necessary to a perfect fermentation ; but if the 
quantity be too great, the fermentation also will be excessive, 
and convert the sugar not mto spirit, but into acid. The great 
desideratum, therefore, in cyder making, I consider to be some 
roper method of fining the liquor before the fermentation 
egins, some process to bring it to make an early deposit of the 

vegetable mucilage or pulpy matter, which makes it so muddy 
upon leaving the press. If the juices could be extracted from 
the apple in a more pure and unmixed state, the fermentation 
would be moderate, and almost imperceptible, and the swéetness, 
richness, and flavour of the cyder preserved. But when the 
fruit has been well ground in the mill, and is afterwards submit- 
ted to the press, it seems impossible to prevent a superabundant 
quantity of vegetable matter from beimg expressed with the 
juices. It is this which causes the excessive fermentation at 
first, and when set afloat afterwards by the least agitation of the 
cask, or even change of weather, continues the fermenting pro- 
cess till the whole of the saccharine principle is converted into 
acid, and the cyder changed into that harsh and unpleasant 
beverage of which we have so often reason to complain. 

Much of the pulpy deposit may be separated from the liquor 
by racking it daily before the fermentation begins, and, perhaps, 
the commencement of the fermentation may be delayed, and 
sufficient time obtained for the complete accomplishment of the 
object in view, if the deficiency occasioned by racking were 
made up by the frequent addition of old cyder of the preceding 
year. To rack cyder, as it is commonly done, in its turbid 
state, during the violence of the fermentation, when every 
particle of previous sediment is again set in motion, I consider 
perfectly useless, if not injurious and absurd. But for the best 
method of precipitating the pulpy matter, and obtaining: an 
immediate deposit of those impurities, which are hurtful tothe ~ 
liquor, 1 must again solicit the advice of the practical and expe+ 
rienced chemist. 

3. During the process of fermentation, a great quantity of 
carbonic acid gas is evolved; but the moment the fermentation 
ceases, the cyder begins to absorb oxygen from the atmosphere, 
and if freely exposed : after it has ceased to ferment would quickly 
turn sour. In order, therefore, to permit the carbonic acid gas 
to escape, and to prevent the absorption of oxygen, which is the 
principle of acidity, I have generally filled the casks nearly full, 
and closed them with bungs fitted with safety valves. But here 
also I would defer to the superior judoment of the chemist, npc 
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whether it is most expedient to throw off, or retain, the gas 
generated during fermentation ; and whether it may be better to 
admit or exclude the action of the atmosphere at that period. . 

Having explained my ideas upon the art of making cyder, I 
will shortly repeat my difficulties in the following queries ;' and, 
perhaps, some of the contributors to your journal will condescend 
to favour me with their opinions upon a subject at the present 
time of much interest and importaace to the public. 

I have the honour to be, Sir, 
Your very obedient servant, 

J. VENABLEsS. 

Queries. 

1. By what process is the excess of the malic acid in cyder 
best neutralized ? 

2. What is the effect of boiling upon the malic acid ? 
3. By what process may the pulpy matter and other impuri- 

ties expressed from the apples be best separated from the cyder 
before fermentation ? 

4, Is the fermentation best conducted in strong vessels 
entirely closed, or in vessels furnished with a valve for. the 
escape of the carbonic acid gas, or in vessels entirely open? 

5. After fermentation do equal parts of the lees, and of the 
purer cyder, contain equal quantities of spirit ? 

6. Ie cyder weakened by racking after the fermentation has 
ceased ? 

Artic Le III. 

Remarks on the Structure of the Calton Hill, near Edinburgh, 
Scotland ; and on the Aqueous Origin of Wacke. By J. W. 
Webster, M.D. of Boston.* 

THE country around Edinburgh is extremely interesting to 
the geologist, and presents numerous instances of the junction 
of rocks to which the advocates of the Neptunian system have 
referred in support of their opinion as to the aqueous origin of 
greenstone, basalt, and wacke; while the same examples have 
been cited by the volcanists, and by those who hold an interme- 
diate opinion. The structure of a portion of Calton Hill, where 
the most distinct alternations of substances (whose aqueous 
origin none can dispute) with pure and well characterized wacke 
are displayed, has not as yet, I believe, been particularly 
described. 

Edinburgh is situated nearly in the ‘centre of an extensive coal 
formation, where the usual sandstones and other coal measures 

* From Silliman’s American Journal of Science, vol. i. p. 230. 
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are connected with the newer rocks of transition. From the 
coal field rise in many places beds of greenstone, in general 
forming small conical and round-backed hills. Other eminences 
are composed of amygdaloid, claystone, and other porparaee : 
and basalt and trap tuff occur in an overlying position. Of these, 
it is not my intention to speak otherwise than as conveying a 
general idea of the geological relation of the wacke above 
referred to. 

The structure of Calton Hill has been exposed by the recent 
improvements, and in particular by a section made in the con- 
struction of the new road to London. The rock occurring in 
greatest abundance, and which is probably the fundamental bed, 
is a porphyry, the basis of which in general is claystone, which 
in many places passes into felspar, in others becomes a distinct 
greenstone. Numerous veins of calcareous spar traverse it in 
different directions ; and I am lately informed, that very beauti- 
ful examples of veins of greenstone of contemporaneous forma- 
tion with the rock itself, have been discovered in the greenstone. 
Upon the porphyry rests a bed of trap tuff, upon this other beds 
of the two rocks repose, that at the summit being porphyry. 
The back of the hill (as we pass from the city) is a spot of pecu- 
liar interest, consisting of alternate thin beds of bituminous shale, 
sandstone, wacke, and clay ironstone, disposed in a manner 
which will be best understood by a rough outline taken on the 
spot. 

Monument to 
Nelson. 

xs feet) 

Road ts London. 1B 9 DU RIATHE BF 
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A. orphyry. 4. Bituminousshale, with clay 
B. Trap tuff. ironstone. 
c. porphyry. 5. Wacke. 
D. Trap tuff. 6. Bituminous shale 

' Porphyry. 7. Wacke, with calc. spar. 
F. Beds of wacke, &c. upper 8. Bituminous shale. 

part concealed by vegetation. 9. Wacke. 
1. Bituminous shale. 10. Bituminous shale passing 
2. Wacke. on both sides into 
3. Sandstone. 1]. Wacke, and calc. spar. 
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12. Rituminous shale. 15. Wacke. 
13. Wacke. 16. Bituminous shale. 
14. Bituminous shale. . 17. Sandstone. 

The wacke has a greenish-grey colour, which is pretty 
uniform, The fracture is nearly even and earthy, it is soft, 
yielding readily to the nail, and has a feebly shiming streak. A 
slight stroke with the hammer causes the mass to separate in 
fragments of various size, the surfaces of which are often smooth 
and shining, each bed being composed of large distinct concre- 
tions, having a tendency to the prismatic form. This wacke 
fuses with difficulty before Brooke’s blow-pipe. Specific gravity 
not determined, as it falls to pieces on being moistened. 

The sandstone is for the most part grey, in some parts spotted 
red and brown, forming, as the section represents, the last 
stratum seen; the beds of sandstone are but a few inches in 
thickness, and the last (17) becomes less than an inch; it is 
probable, however, from the relative situation, from the dip and 
direction, that these strata are a continuation of others seen on 
the other side of the hill, where they are of sufficient thickness 
to have been quarried for the purposes of architecture. The 
beds of all rocks we know vary greatly in different parts, and it 
is not unusual for them to be some feet at one extremity, gra- 
dually decreasing till less than an inch in thickness at the other, 
or they may even be lost entirely, and gradually regain their 
former size ; and it is not improbable that these beds of sand- 
stone will be found to continue on towards the adjoining hills of 
Salisbury Craig and Arthur’s Seat, passing under the greenstone 
and trap tuff. 

The bituminous shale presents the usual characters ; inter- 
mixed with it are numerous nodules of the common clay iron- | 
stone, the colour of which is a yellowish-brown ; these also 
frequently present characters common to the three substances, 
and throughout the beds, the passage from the one to the other 
is distinct. Whatever may be the opinions in regard to the 
origin of bituminous shale, there can be but one in regard to that 
of sandstone ; and this has lately received no feeble support 
from the account given us by Dr. Paris, of a formation of this 
rock on the coast of Cornwall, where, says he, “ we actually 
detect nature at work; and she does not refuse admittance into 
her manufactory, nor conceal, with her accustomed reserve, the 
details of the operations in which she is engaged.” 

From the appearances which have been thus briefly noticed, 
no impartial geologist, we should imagine, would infer the 
wolcanic origin of any portion of this formation; and if the 
aqueous origin of sandstone can be established, thatof the wacke 
must be the same. 
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ARTICLE IV. 

Researches on a new Mineral Body found in the Sulphur extracted 
from Pyrites at Fahlun. By J. Berzelius. 

(Continued from p. 106.) 

6. Seleniuret of Copper—lIf we precipitate sulphate of copper 
by seleniuretted hydrogen gas, we obtain a seleniuret of copper 
in black flocks, which, when dry, become of a dark-grey colour, 
and may be polished by a hematite. Exposed to a red’ heat in 
a distilling apparatus, this seleniuret gives out one-half of its 
selenium, and leaves a melted button of protoseleniuret of copper. 
This last seleniuret is easily formed with the evolution of heat 
when copper and seienium are heated together. The compound 
becomes liquid long before it is heated to redness, and gives a 
steel-coloured button with a compact fracture, very like grey 
sulphuret of copper. When exposed to the naked fire, it first 
loses a certain quantity of selenium, after which it undergoes no 
further alteration, and after being long roasted, it still yields a 
mass more fusible than copper, which breaks under the blow of 
a hammer, and exhibits a fracture of a grey colour. 

7. Seleniuret of Lead.—Selenium and lead unite with the 
production of heat. The lead swells, and gives a porous mass of 
a grey colour, which does not melt at a red heat, which easily 
receives impressions, admits of being polished, and then assumes 
a silver-white colour. When heated, seleniuret of lead gives out 
first a little selenium, and then evaporates in a white smoke. 
The residue gives at a high temperature marks of a commencing 
fusion. Seleniuret of lead exposed to the flame of a blow-pipe 
loses a part of its selenium, becomes oxidized, and produces a 
subseleniate of lead, which afterwards suddenly penetrates the 
charcoal, is decomposed, and leaves upon the surface of the coal 
a white pellicle of seleniuret of lead reduced. Lead at a high 
temperature is capable of uniting with a little seleniuret of lead. 
By this union, it becomes whiter, and less fusible. 

8. Seleniuret of Silver.—Silver is blackened by the fumes of 
selenium. If we heat the metal with an excess of selenium, 
heat is disengaged, and a very fusible mass is produced, from 
which the excess of selenium may be separated by distillation. 
The compound has a grey colour, and while it remains liquid, its 
surface is brilliant, and polished like a mirror. This seleniuret 
is fusible at a temperature greatly below that of a red heat. 
When cold, itis grey, somewhat ductile, and may be flattened a 
little before it breaks: When heated before the blow-pipe, it 
loses a portion of its selenium, and with it a good deal of its 
fusibility. In a strong fire, kept ep for some time, it continues 
liquid ; but very little of the selenium is disengaged. The sele- 

Vou. XIV. N° IV R , 
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niuret thus treated has become more ductile, and may be 
flattened considerably ; but it breaks at last, and exhibits a 
foliated fracture. 
When we precipitate a solution of silver by seleniuretted 

hydrogen gas, we obtain a black powder, which, when dry, 
assumes a-deep grey colour. The seleniuret requires a red heat 
for fusion, does not yield selenium when distilled, and leayes 
after cooling a silvery metallic button. When heated before the 
blow-pipe, it loses little of its selenium, and exhibits the same 
phenomena as the seleniuret obtained by the dry way. These 
facts seem to prove that selenium is capable of uniting with 
silver, at least m two proportions ; both of which compounds are 
permanent at a red heat, and in close vessels. The perseleninret 
is much more fusible than the protoseleniuret. It gives out the 
excess of its selenium when roasted, and leaves the protosele- 
niuret, which may likewise be produced by selenivretted 
hydrogen gas. Silver cannot be deprived of selenium by fusion 
either with borax or an alkali. Even iron does not separate it, 
as is the case with sulphur and silver. If we heat seleniuret of 
silver with iron, they combine, and the mass enters into fusion 
at. a somewhat elevated temperature. This triple compound is 
brittle, its fracture is granular, and of a deep yellowish-grey 
colour. If we fuse this mass with borax, it dissolves the iron 
and selenium, and we obtain a button of pure silver surrounded 
with a black vitreous matter. 

Seleniuret of silver may be dissolved by boiling nitric acid. 
The liquid deposits as it cools small crystals of seleniate of silver. 
If we pour water into the liquid, the seleniate precipitates in the 
state of a white powder. 

9, Selenturet of Mercury. —Seleniumand mercury combine when 
they are heated together. I have not observed any evolution of 
light during this combination. If there be an excess of mercury, 
it may be separated by distillation, and in the retort there 
remains a coherent white mass like tin. It does not melt ; but 
at a somewhat elevated temperature, it sublimes in form of white 
leaves, having the metallic lustre. If, on the other hand, the 
selenium is in excess, it comes over first ; afterwards a subli- 
mate rises which does not crystallize so well as the former, and 
which either contains a mixture of selenium, or is a perseleniuret 
easily decomposable by distillation. Then the white foliated 
crystals make their appearance. 

Seleniuret of mercury is but little attacked by nitric acid even 
when boiling and concentrated. By long continued boiling, it 
assumes the form of a white powder, which is a protoseleniate 
of mercury, and. the nitric acid contains selenic acid in solution. 
If we separate the liquid, and then add muriatic acid, the white 
powder becomes red, and is converted into selenium. The 
muriatic acid dissolves the red oxide of mercury, which has been 
peroxidized by the reduction of part. of the selenic acid. The 
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other portion of that acid dissolves with the corrosive sublimate: 
This phenomenon sometimes took place when selenium was 
extracted from red sulphur, and embarrassed me at first a good 
‘deal. I could perceive no reason for the reduction of the sele- 
niun: by the addition of muriatic acid, especially after ascertain- 
ing that no chlorine was formed. I found at last that it was 
owing to the formation of a little protoseleniate of mercury, 
which precipitates along with the sulphur not dissolved. 

Seleniuret of mercury dissolves rapidly in nitromuriatie acid, 
even without the assistance of heat. 

10. Selenturet of Bismuth—This combination takes place 
with the evolution of a little heat. It melts at a red heat, and 
then has a polished surface. When cold, it has the metallic 
lustre, a silvery colour, and its fracture is crystalline. 

1L. Gold and selenium do not combine when heated together ; 
but I have no doubt that a compound of them may be obtained 
by precipitating a solution of gold by seleniuretted hydrogen gas. 

12. Seleniuret of Palladium.—Palladium combines readily 
with selenium, and heat is evolved. The compound is grey, 
ecoheres together, but does not melt. Before the blow-pipe 
Selenium is disengaged, and when the heat is strong, the sele- 
miuret melts into a greyish-white metallic button, brittle, and 
having a crystalline fracture ; it still, therefore, contains selenium. 

13. Seleniuret of Platinum.—Selenium combines very readily 
‘with platinum in powder, occasioning the evolution of a strong 
heat. The compound is a grey powder, not fused. In the fire, 
the selenium is easily oxidized, and leaves the platinum pure. 
Platinum crucibles are easily attacked by the seleniates when 
they are heated to redness in these vessels, or when dry seleniate 
of ammonia is evaporated in them. The surface of the metal 
acquires a brownish-grey colour, and cannot be cleaned ; but 
the selenium is volatilized if the crucible be heated to redness 
without being covered. : 

14. Seleniuret of Antimony.—These two bodies unite easily 
and with the production of heat. The compound melts into a 
metallic button, having a crystalline fracture. If it be strongly 
heated in the air, it becomes covered with a vitreous scoria. 

15. Seleniuret of Antimony with Oxide of Antimony.—These 
two substances easily unite, and form a yellowish-brown mass, 
transparent when in thin layers, vitreous, and quite analogous 
to what is called glass of antimony. 

16. Seleniuret of Tellurium.—The two substances unite with 
the production of heat. The compound is very fusible. When 
heated, it boils and sublimes in the form of a metallic mass, of a 
deep brown colour. It is easily oxidized, and leaves on the glass 
transparent colourless drops, which are not volatile, and appear 
to be seleniate of tellurium. The sublimed mass melts long 
before it is heated to redness. It is very liquid, without any 
tenacity, and cannot be drawn into threads like selenium alone. 

R 2 
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When cold, it has the colour of iron, though rather darker, is 
brittle, and has a crystalline fracture. 

17. Seleniuret of Arsenic.—Melted selenium dissolves metallic 
arsenic by degrees. If one of these bodies be in excess, it 
sublimes, and we obtain a black and very fusible mass. When 
heated to redness, it boils, and a mass sublimes which appears 
to be perseleniuret of arsenic. The ebullition speedily terminates, 
and the red mass remains without any internal movement. Ata 
heat almost reaching whiteness, it distils in drops ; when cold, 
it is black, with a shade of brown. The surface has a vitreous 
lustre ; the fracture is also vitreous. 

8. Alkaline, Earthy, and Metalline Scleniurets. 

Selenium has the same property with sulphur ; it combines 
with the strongest bases, and forms a species of hepars. These - 
compounds have a taste and a smell so similar to those of the 
compounds of sulphur with the same bases, that were it not for 
their red colour, we should take them for sulphurets. Tellurium 
does not combine with the alkalies in the moist way, unless it 
has been in the first place united with hydrogen. Tellurium 
unites with potash in the dry way, but the combination is decom- 
osed by water. 
Selenturet of Potash.—If we boil selenium ‘in powder in a 

concentrated ley of caustic potash, it gradually dissolves, and 
the liquid assumes the colour of strong ale so intensely that it 
loses its transparency. Its taste is hepatic, and entirely analo- 
gous to that of sulphuret. of potash. ‘The acids precipitate the 
selenium ; but the filtered liquid still yields a portion of selenium 
when treated with hydrogen gas. This shows that both selenic 
acid and seleniuret of potash were formed. . 

If we melt together in a glass vessel selenium and caustic 
potash, they combine, and the alkali retains the selenium even 
when heated to redness. The upper surface of the mass is 
brown ; but the portion in contact with the glass has a cinnabar 
red colour. Seleniuret of potash dissolves readily in water, and 
attracts a little moisture from the air. 

If we mix pulverized selenium with carbonate of potash like- 
wise in a state of powder, and heat the mixture in an apparatus. 
propey for collecting gas, we find that the selenium drives off 
the carbonic acid, and unites with the potash into a black porous 
mass, which does not melt at an incipient red heat. This mass 
yields a red powder. Treated with a small quantity of water, it. 
dissolves with a very deep ale colour. A larger quantity of water 
precipitates a portion of the selenium in the form of red flocks. 
ff, in this operation, the selenium be in excess, the whole carbonic 
acid is expelied, and the compound is decomposed by acids with- 
out effervescence ; but if there be an excess of alkali, the 

- Selenium is not precipitated, at least in the same degree, by the, 
addition of water. 

. 
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Seleniuret of Ammonia.—Ammonia does not dissolve selenium 

either in the state of gas, or in the liquid ; but if we distil muriate 
of ammonia with seleniuret of lime, we obtain in the receiver a 
red liquid, having an extremely hepatic taste, which may be 
mixed with a certain quantity of water without undergoing 
decomposition, and which, when left in the open air, lets go its 
ammonia, and leaves the selenium in the form of a grey metallic 
pellicle. If it be diluted with a great quantity of water, it is 
decomposed, and has a yellow opalescent colour when viewed by 
transmitted light ; but a cinnabar-red colour by reflected light. 
The selenium remains long suspended in it. During the prepa- 
ration of that compound, a portion is decomposed ; the ammonia 
is disengaged in the form of gas, and selenium sublimes. Hence 
it follows that this combination is very weak, and is partly 
decomposed during its preparation. The matter remaining in 
the retort after the distillation of seleniuret of ammonia is a mix- 
ture of muriate, seleniate, and hydroseleniuret of lime ; the last 
two were formed by the decomposition of a portion of the water 
of crystallization of the muriate of ammonia. If we dissolve 
them in weak muriatic acid, the liquid acquires the odour of 
seleniuretted hydrogen, becomes muddy and red when exposed 
to the air, and deposits selenium. 

Seleniuret of Lime.—If we mix selenium in powder with lime, 
and then expose the mixture to a strong but not a red heat, the 
‘two substances combine and form a cohesive black mass, without 
taste and smell, and which does not dissolve in water. It yields 
a reddish-brown powder, and on adding an acid, it is decom- 
woe leaving the selenium in the state of very bulky red flocks. 
he swelled state of the selenium shows that the mass was a 

true compound, and not merely lime mechanically mixed with 
melted selenium. , 

If we expose this black seleniuret to a red heat, it lets go a 
portion of its selenium, and its colour becomes lighter. It yields 
in that state a flesh-coloured powder, but it is equally insoluble 
and tasteless, as the black seleniuret. We may obtain the 
same compound by mixing a solution of muriate of lime with that 
of seleniuret of potash. A seleniuret of lime is formed which 
precipitates in the form of a red powder. 

I obtained the seleniuret of lime crystallized by leaving a 
solution of hydroseleniuret of lime in an imperfectly stopped 
vessel, in which it could be slowly oxidized. ‘The liquid by little 
and little lost its colour, and deposited seleniuret of lime at its 
surface. At the same time, brown and opaque needles were 
attached to the sides of the vessel, united together three and 
three, forming angles of 120°. In some of the groups, there 
were four or five little crystals. Under the microscope they 
appeared to be four-sided prisms, with truncated summits. The 
liquid still contained an excess of lime. 
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The solutions of the salts of barytes, strontian, magnesia, 
alumina, and the other earths, yield with the seleniuret of potash 
insoluble, flesh-coloured compounds, from which the acids 
separate selenium. Barytes and strontian retain the selenium at. 
ared heat; but it may be separated from the others by distil- 
dation. 

If a metalline salt be precipitated by seleniuret of potash, the 
selenium and the oxide precipitate together. This would take 
place even if no affinity existed between the two bodies ; but as 
‘selenium has a decided affinity for the strong saline bases, we 
“te conclude that it has an affinity likewise for the weak bases ;. 
and that consequently these precipitates are real metalline sele- 
niurets. I have not particularly studied this class of combina- 
tions. I have produced some of them, and remained satisfied 
‘with the knowledge of their existence. 

Sulphur possesses the same property in common with sele- 
nium; but the metalline sulphurets have not been examined. I 
have shown in the Elements of Chemistry, published in Swedish, 
vol. ii. p. 113—213, that the protoxides of iron and cerium may 
be combined with sulphur even in the dry way. 

Selenium may likewise be combined with melted wax and 
with the fat oils, but not with the volatile oils. A solution of 
selenium in olive oil appears orange and clear when seen b 
transmitted light ; but pale-red, and muddy, by reflected light. 
At the ordinary temperature of the atmosphere, it assumes the 
consistence of an unguent, and loses the colour at the instant of 
its congealing. The colour returns when we melt it. This. 
compound has no peculiar smell. It would appear that the 
selentum merely dissolves in the oil without occasioning any 
decomposition of it, as is done by sulphur. 

9. Combinations of Selenic Acid with the Bases. 

Selenic acid has a considerable degree of strength. It unites 
with oxide of silver when dropped into the nitrate of that metal; 
and of the oxide of lead when dropped into the combination of 
this oxide with muriatic or nitric acid. In consequence of its. 
less volatility, it often displaces the nitric and muriatic acids by 
distillation, and seizes on the bases with which they were united; 
but in its turn, it is expelled by the more fixed acids, as the 
sulphuric, phosphoric, arsenic, and boracic. It seems to be 
nearly on a footing with arsenic acid, or perhaps its affinity is 
somewhat weaker. With the alkalies, it does not form neutral 
salts. This is the case likewise with the phosphoric, arsenic, and 
boracic acids. The compounds approaching nearest to neutra- 
lity, and which, therefore, we call neutral, act on vegetable 
colours like the bases and have an alkaline taste. All the neutral 
seleniates formed with other bases are either insoluble or yery 
little soluble in water. In the neutral seleniates, the acid con- 
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tains twice as much oxygen as the bases, and its capacity of 
saturation (that is to say, the quantity of oxygen in a base 
which saturates 100 parts of the acid) is 14°37, 

Selenic acid gives salts with two different proportions of excess 

of acid. In the first, the base is combined with twice as much 

acid as in the neutral salts; and these compounds are very 

soluble in water. There are, however, some bases which I have 

not been able to combine with an excess of acid; viz. oxides of 

Jead, silver, and copper, and protoxide of mercury. In this class, 

which I shall call biseleniates, the acid contains four times as 

much oxygen as the base. The alkaline biseleniates act as 

acids, and we cannot produce any intermediate compounds 
between those which are alkaline and those which are acid, if 

we except mixtures of the two in such proportions that the two 

opposite properties are destroyed ; but evaporation causes the 
salt with excess of acid to crystallize, while the other remains in 

the liquid with its apparent excess of alkali, In the salts with 

the greatest degree of excess of acid, which I shall call ¢ uadri- 

seleniates, the base appears to be combined with four times as 

much acid as in the neutral salts ; but [ must mention that this 
conclusion is not founded on researches made on purpose, but 

is a deduction partly from direct experiments, ek partly from 
analogy. Ihave produced only quadriseleniates with an alkaline 
base. 

On the other hand, selenic acid seldom gives salts with excess 
of base, and merely with those distinguished by their tendency 

to form such salts. For example, oxide of lead does not forma 

subseleniate when we digest its neutral seleniate with caustic 
potash ; but if we distil the neutral seleniate, it lets go a portion 
of its acid, and leaves a subsalt from which the acid cannot be 

expelled by heat. However, with the oxide of copper, we obtain 
a subsalt ‘even in the humid way. I have not examined the 
ratio between the acid and base in these subsalts. 

The seleniates are usually decomposed by a degree of heat 
far from considerable. This decomposition is occasioned by 
foreign combustible bodies which almost always mix with them, 
especially if they be passed through the filter. ‘The combustible 
body decomposes a portion of the acid; but the selenium 
remains in combination with the base. An alkaline seleniate 
thus treated dissolves in water with a red colour ; and.an earthy 

seleniate leaves the selenium in red flocks, when we dissolve it 

in an acid. If this phenomenon does not appear before heating 
the seleniate, we mix it with a little nitrate, the acid of which is 

decomposed in preference. 
f we mix an alkaline or alkaline earthy seleniate with char- 

coal in powder, and then heat it to redness, the selenic acid is 
decomposed without detonation, Carbonic acid and oxide of 
carbon are disengaged ; a small quantity of selenium sublimes ; 
but the greatest part remains in combination with the base. tf 
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we make the same experiment with an earthy seleniate, the 
selenium is disengaged in proportion as it is deoxidated. The 
metallic seleniates are reduced by the action of charcoal into 
seleniurets, and the selenium remains combined with the metal. 

Selenic acid does not communicate to the seleniates any 
peculiar taste. The alkaline seleniates have a weak saline taste, 
while the earthy and metalline seleniates have the taste peculiar 
eae base, just as happens in their combinations with other 
acids. 

1. Seleniate of Potash.—The neutral salt is soluble in water in 
almost every proporticn. When the liquid is evaporated, it 
becomes covered with a saline pellicle, composed of small crys- 
talline grains, the form of which I have not been able to deter- 
mine. ‘hese grains are likewise deposited at the bottom. The 
salt does not crystallize on cooling, but requires a constant 
evaporation. When evaporated to dryness, it leaves a rough 
mass, which atiracts moisture from the atmosphere. When 
heated to redness, it melts, and becomes yellow. On cooling, 
it recovers its white colour. It is insoluble in alcohol. 

The biseleniate crystallizes, though with difficulty, when its 
solution has been concentrated to the consistence of a syrup, and 
then allowed to cool. The salt is deposited in feather-shaped 
crystals, which at last fill the whole matter which appears 
entirely solidified. This salt is deliquescent. Alcohol dissolves it 
In small quantity.* It is decomposed by heat, letting go the 
half of its acid; though the fire must be contiaued a long time 
to obtain a complete decomposition. 

The quadriseleniate does not crystallize, and when evaporated 
to dryness, becomes liquid again in a short time by absorbing 
moisture from the air. 

2. Seleniate of Soda.—The neutral salt is very soluble in 
water. It has the taste of borax. Jf we continue the evapora- 
tion after reducing it to the consistence of a syrup, the solution 
-begins to deposit small crystalline grains, and it becomes covered 
with a saline pellicle, of a white enamel colour. It does not 
erystallize by cooling. When evaporated to dryness, it does not 
absorb moisture from the atmosphere. Alcohol does not 
absorb it. 

The biseleniate crystallizes, if a solution concentrated to the 
consistenee of a syrup be allowed to cool slowly. The crystals 
are acicular, partly grouped in stars, and partly in grains com- 
posed of concentric rays. It does not efHoresce ; but, when 
heated, it loses its water of crystallization, and then melts and 
forms a yellow liquid matter. On cooling, it becomes white and 
crystalline, and acquires a radiated fracture. When heated to 
redness, the selenic acid evaporates in the form of a white smoke, 
and neutral seleniate remains. 

The quadriseleniate crystallizes in needles when evaporated 
spontaneously. It is not altered by exposure to the air, 
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Seleniate of soda was employed by me to determine the degree 
of saturation of the acid in the alkaline seleniates, and to com- 
pare it with what takes place in the earthy and metalline 
seleniates. The analysis of these salts, however, is not so 
simple as it appears at first sight. 

I attempted to precipitate the solution of the seleniate rendered 
acid by the muriatic acid necessary to saturate the soda by 
passing through it a current of sulphuretted hydrogen gas as 
Jong as any precipitate fell. But the precipitation was not 
complete ; for on evaporating the liquid, sulphuret of selenium 
still continued to fall. The muriate of soda, when heated to 
redness, gave out a strong odour of selenium, and the crucible 
was History i The best mode of performing the analysis is to 
heat the neutral seleniate of soda with twice its weight of sal- 
ammoniac. By this means the selenium is driven off, and 
nothing remains but muriate of soda. 

One hundred parts of seleniate of soda that had been strongly 
heated and then reduced to powder produced, by such an opera- 
tion, 662 parts of muriate of soda, equivalent to 35:5 parts of 
soda. Therefore 100 parts of selenic acid had been combined 
with 55 parts of soda, containing 14:11 of oxygen; or very 
nearly half the oxygen contained in the acid. 

One hundred parts of the biseleniate, which had been fused 
under a gentle heat, to drive off the water of combination (but 
it was impossible to prevent traces of the acid from appearing in 
the last portions of the water), produced by the same analytical 
method, 412 parts of muriate of soda, equivalent to 22-17 parts 
of soda: 100 parts of the acid, therefore, were combined with 
28°48 parts of soda, containing 7:5 parts of oxygen; which 
exceeds a little half the quantity found by experiment in the 
neutral salt. I ought to mention that it is very difficult to obtain 
these salts at their true point of saturation, when we want them 
dry, since, in the biseleniate, we cannot separate all the water 
without, at the same time, driving off a small portion of acid. 
On the other hand, when we endeavour to obtain the neutral 
seleniate by heating a seleniate containing a small excess of 
acid, this excess is not driven off, except by a long exposure to 
the action of the fire. 

(To be continued.) 

ARTICLE V. 

— Memoir on a new Acid produced during the Calcination of 
Mucic Acid.* By M. Houton Labillardiere. _ 

Wuite treating sugar of milk with nitric acid, Scheele disco- 
vered a peculiar acid, to which he gave the name of saclactic 

* Translated from the Annales de Chimie et de Physique, ix. 365. 
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acid, because he considered it peculiar to sugar of milk. The 
“same acid was met with afterwards while treating gums with 
nitric acid, and received the name of mucous acid. Finally, the 
name of mucic acid was given to it to render it conformable to 
the names of the other acids. 

Scheele, while examining the properties of this acid, subjected 
it to the action of heat in a retort, and observed that during its 
decomposition there sublimed into the upper part of the retort a 
brown salt, which had a smell similar to that of a mixture of 
benzoin and amber, which was soluble in water and alcohol, and 
burned with flame upon red-hot coals ; and that the liquid which 
passed at the same time during the distillation contained the 
same matter in solution. 

Trommsdorf* resumed the experiments of Scheele on this 
subject, with a view to examine with care the nature of this crys- 
tallme substance, and observed that during the calcination of 
mucic acid, there were. formed succinic, pyrotartaric, acetic 
acids, an empyreumatic oil, water, and carbonic acid, and carbu- 
retted hydrogen gases. 

Having read the result of the experiments by which Tromms- 
dorf undertook to prove the identity of this crystalline matter 
with succinic acid, [ observed that in the comparison which he 
drew between the two bodies, he ascribed properties to succinic 
acid very different from those which it really possesses ; such as 
the solubility of succinate of copper and of lead: and that the 
experiments from which he infers the presence of pyrotartaric 
acid are not more conclusive. These facts induced me to repeat 
the experiments of these two chemists, and I satisfied myself 
that during the calcination of mucic acid neither succinic nor 
pyrotartaric acid was formed; but a peculiar acid to which I 
give the name of pyromucic acid, from the analogy of its forma- 
tion with that of pyrotartaric acid. 

Mucic acid calcined in a retort gives for products a very acid 
brown liquid, accompanied with some crystals, a small part of 
which remain attached to the upper part of the retort : it gives 
also carbonic acid and carburetted hydrogen gases, while a light 
charcoal remains in the retort. The acid formed in this case is 
almost completely dissolved in the liquid, and mixed with a little 
acetic acid and empyreumatic oil, which prevents it from erys- 
tallizing. To separate these two matters, the crystals are added 
to the liquid, and it is mixed with twice or thrice its volume of 
water, which precipitates a part of the empyreumatic oil, and 
after having filtered the liquid, it is evaporated till it deposits 
crystals. he greatest part of the acetic acid separates during 
the evaporation, and the new acid then crystallizes with facility. 
After separating the crystals, the mother-water is evaporated 
again to extract the rest of the acid. In this state, it is in small 
yellow crystals, which are very difficult to purify by repeated 

* Ann, de Chim, Ixxi, 79, 
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erystallizations, unless we distil them in a small retort furnished 
with a receiver at a temperature of about 266°. They begin to 
melt, and then distil like chloride of antimony, leaving in the 
retort merely a small black residue. The distilled acid retains a 
slightly yellow colour ; but a single crystallization is sufficient to 
render it perfectly pure : 150 grammes of mucic acid give about 
60 grammes of the liquid, from which we obtain 8 or 10 grammes 
of pure acid. 

This acid, which I shall distinguish hereafter by the name of 
pyromucic, is white, destitute of smell, of a strong acid taste, 
melts at the temperature of 266°, and is volatilized a little above 
that temperature, condensing into a liquid, which is converted 
on cooling into a crystalline mass, the surface of which is covered 
with fine needles, and it leaves only traces of a residue. When 
placed on red-hot coals, it melts, and is volatilized in white, 
penetrating vapours. When exposed to the air, it does not 
attract moisture. It strongly reddens litmus, is much more 
soluble in boiling than in cold water. Hot water saturated with 
it deposits it on cooling in small elongated plates, which cross 
each other in all directions. Water, at the temperature of 59°, 
dissolves th of its weight of it. Alcohol dissolves it more 
abundantly than water. 

This acid, subjected to analysis by means of peroxide of 
copper, gives the following constituents : 

By weight, By volume, 

Carbon: os :.euy wei Berle wie \e wedtiongs 371 
Oxygen. ...... dette BOG jsmsus seous 120 
Hydrogen........ Pe diitewatin . 84 

If we reduce the volumes to more simple numbers, we obtain 

UAEDGHL < pce ghsile.»'s ee EE Hye 9 
DR une e S een ated te 3 
TAROT OR. ins sets «ssid neh went 2* 

This acid unites readily with the different metallic oxides, and 
is neutralized by them. Most ofits salts are soluble, and capable 
of crystallizing. 

Pyromucate of potash is very soluble in water and alcohol, 
and crystallizes with difficulty. When evaporated to a pellicle, 
+ assumes the form of a granular mass, which deliquesces in 

e air. 
Pyromucate of soda likewise crystallizes with difficulty, 

* This is nearly, § atoms carbon............ = 675 
6 atoms oxygen, .......... = 6:00 
2 atoms hydrogen. ........ = 0:25 

13:00 

Pee if the analysis in the text be correct, the weight of an atom of this acid 
is 13,—P, 
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attracts moisture, and is less soluble in alcohol than the salt of 
potash. 

Pyromucates of barytes, strontian, and lime, possess nearly 
the same properties. They are rather more soluble in hot than 
cold water, crystallize easily in small crystals, not altered by 
exposure to the air, and insoluble in alcohol. Pyromucate of 
barytes is composed of 

PRM net te ilo lg se a eee 
Barytes’. oy iis A stk gapiedt 42°2 

Hence it results that, according to the analysis of the acid, 
the ratio of the oxygen of the barytes to that of the acid is 
:: 4°43 : 26°34, or :: 1 : 6, and to the acid itself :: 1 : 13. 

_ Pyromucic avid neutralized by ammonia loses a portion of its 
base by evaporation, and forms an acid salt, which crystallizes 
with facility. 

The solution of this acid, when heated with an excess of oxide 
of copper, is neutralized, and forms a salt, which, by evapora- 
tion, is deposited in small greenish-blue crystals, less soluble 
than pyromucates of barytes and strontian. 

Zine dissolves in hot pyromucic acid, and with the evolution of 
hydrogen. A salt is formed, which cements into a mass, when 
evaporated. 

Tron acts in the same way, and its protoxide forms a soluble 
sait, precipitated greenish-white by alkalies. Peroxide of iron 
forms an insoluble salt, of a yellow colour, similar to that of sub- 
ee of mercury. IJt1is obtained by precipitation. 

ne of the most remarkable combinations of this acid is that 
which it forms with oxide of lead, when heated with moist 
carbonate of lead. It dissolves, and forms a neutral salt. The 
liquid separated from the excess of carbonate holds the pyro- 
mucate of lead in solution. When evaporated, brownish 
globules collect on the surface, of an oily and transparent aspect, 
which, being separated from the liquid, acquire on cooling the 
softness and tenacity of pitch, and at last become solid, opaque, 
and whitish. When the evaporation is continued, new globules 
are formed, and the whole liquid is converted into this species of 
salt, from which the acid and oxide of lead may be extracted 
unaltered. 

- Succinate of lead possesses similar properties with regard to 
solubility. , 

Oxide of silver dissolves likewise in pyromucic acid. By 
evaporation, the liquid acquires a brown colour, and the salt 
crystallizes in small white plates. 

The alkaline pyromucates form few precipitates with the 
neutral metallic solutions, unless they be very concentrated ; and 
when precipitates appear, they dissolve in a slight excess of acid, 
or even of water. 
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Solutions of copper, Solutions of silver, 
protoxide of iron, manganese, 
acetate of lead, alumina, 
zinc, magnesia, 
cobalt, 

are not altered by these salts; but they precipitate 

Peroxide of iron, yellow ; 
Protonitrate of mercury ; 
Subacetate of lead ; 
Nitrate of tin, white. 

The acid alone precipitates only subacetate of lead. 
The properties pointed out are sufficient to distinguish this 

acid from the benzoic and succinic as Scheele may have supposed 
it to be; and from the succinic acid alone, which Trommsdorf 
took it for. As for the pyrotartaric acid announced by this last 
chemist as one of the products of the calcination of mucic acid, 
reagents have not been able to ascertain its existence ; while a 
very small quantity of a soluble pyrotartrate mixed with a great 
quantity of a pyromucate is demonstrated by the precipitate 
which it forms with the sulphate of copper. 

ARTICLE VI. 

New Details respecting Cadmium.* By M. Stromeyer. 

M. Srromeyer has communicated to the Royal Society of 
Gottingen, at the meeting of Sept. 10, 1818, the first part of 
his researches on the new metal which he discovered in zinc and 
its oxides, and to which he has given the name of cadmium. 
Assisted by two of his pupils, M. Mahner, of Brunswick, and 
M. Siemens, of Hamburgh, he has not only verified his first 
results, but has been able to give a greater extent to his 
researches, and to reduce them to a great degree of precision. 
He states that he has explained more fully the circumstances. 
which led to the discovery of cadmium; and in that way has 
shown the part which M. Hermann, of Schoenbeck,. and Dr. 
Roloff, of Magdeburg, had in it. He gives likewise the names of 
the different species of zinc, of its oxides, or of its ores, which 
contain cadmium. Among these last, M.Stromeyer has found 
it only in a very small proportion in some blendes, with the 
exception of some varieties of radiated blende of Przibram, in 
Hungary, which contains two or three per cent. of it. He like- 

* From Annalen der Physik, lx. 193. 
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wise gives the process for proeuring cadmium in a state of 
urity. 

s Accovtiaig to this process, we begin by dissolving in sulphuric 
acid the substances which contain cadmium, and through the 
solution, which must contain a sufficient excess of acid, a cur- 
rent of sulphuretted hydrogen gas must be passed. The 
precipitate formed is collected and well washed. It is then 
dissolved in concentrated muriatic acid, and the excess of acid 
driven off by evaporation. The residue is dissolved in water, 
and precipitated by carbonate of ammonia, of which an excess 
is added to redissolve the zinc and the copper that may have 
been precipitated by the sulphuretted hydrogen gas. The 
carbonate of cadmium, being well washed, is heated to drive off 
the carbonic acid, and the remaining oxide is reduced by mixing 
it with lamp-black, and exposing it to a moderate red heat in a 
glass, or earthen retort. 

The colour of cadmium is a fine white, with a slight shade of 
bluish-grey, and approaching much to that of tin. Like this 
last metal, it has a strong lustre, and takes a good polish. Its 
texture is perfectly compact, and its fracture hackly. It crys- 
tallizes easily in octabedrons, and presents at its surface on 
cooling the appearance of leaves of fern. Itis soft, very flexible, 
and yields readily to the file, or the knife. It stains pretty 
strongly; however, it is harder than tin, and surpasses it in tena- 
city. It is lhkewise very ductile, and may be reduced to fine 
wires, or thin plates ; yet, when long hammered, it scales off in 
different places. Its specific gravity, without being hammered, 
is 8°6040, at the temperature of 62°; when hammered, it is ° 
86944. It melts before being heated to redness, and is volati- 
lized at a heat not much greater than what is necessary to 
volatilize mercury. Its vapour has no peculiar odour. It 
condenses in drops as readily as mercury, which, on congealing, 
present distinct traces of crystallization. 

Cadmium is as little altered by exposure to the air as tin. 
When heated in the open air, it burns as readily as this last 
metal, and is converted into a brownish-yellow oxide, which 
appears usually under the form of a smoke of the same colour ; 
but which is very fixed. Nitric acid dissolves it easily cold ; 
diluted sulphuric acid, muriatic acid, and even acetic acid, attack 
it with disengagement of hydrogen gas ; but their action is very 
feeble, especially that of acetic acid, even when it is assisted by 
heat. The solutions are colourless, and are not precipitated by 
water. 

Cadmium forms only a single oxide ; 100 parts of the metab 
combine with 14-352 of oxygen. According to this, the equiva- 
lent number for cadmium is 69-677, and that of the oxide 69°677 
+ 10°= 79:677. The colour of the oxide varies according to 
the circumstances in which it is formed. It is brewnish-yellow, 
light-brown, dark-brown, and even blackish. It is quite fixed 
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and infusible in the strongest white heat, and does not lose its 
oxygen. When mixed with charcoal, it is reduced with great 
rapidity before a red heat. It dissolves easily in borax without 
colourmg it, and gives a transparent glass bead. It is insoluble 
in water ; but in some circumstances forms a colourless hydrate, 
which speedily attracts carbonic acid from the air, and which 
easily gives out its water when exposed to heat. 

The fixed alkalies do not dissolve the oxide of cadmium in a 
sensible degree, but they promote its combination with water. 
Ammonia, on the contrary, dissolves it easily. It becomes 
white in the first place, and is changed into a hydrate. On 
evaporating the ammonia, the oxide precipitates in a very gela- 
tinous hydrate. 

With the acids, the oxide of cadmium exhibits the properties 
of a saturating base. It forms salts, which are almost. all colour- 
less, have a sharp metallic taste, are mostly very solubie in water, 
and crystallizable, and possess the following characters : 

1. The fixed alkalies precipitate the oxide in the state of a 
white hydrate. When added in excess, they do not redissolve 
the precipitate, as is the case with the oxide of zinc. 

2. Ammonia likewise precipitates the oxide white, and doubt- 
less in the state of hydrate; but an excess of the alkali 
immediately redissolves the precipitate. 

3. The alkaline carbonates produce a white precipitate, which 
is an anhydrous carbonate : zinc in the same circumstances gives 
a hydrous carbonate. The precipitate formed by the carbonate 
of ammonia is not soluble in an excess of this solution. Zinc 
exhibits quite different properties. 

4, Phosphate of soda gives a white pulverulent precipitate. 
The precipitate formed by the same salt in solutions of zinc is 
in fine crystalline plates. 

5. Sulphuretted hydrogen and the hydrosulphurets precipitate 
cadmium yellow or orange. This precipitate resembles orpiment 
a little in colour, with which it might be confounded without 
sufficient attention. But it may be distinguished by being more 
ork See and precipitating more rapidly. It differs particu- 
arly in its easy solubility in muniatic acid, and in its fixity. 
ih Triple prussiate of potash precipitates solutions of cadmium 

white. 

7. Nutgalls do not occasion any change. 
8. Zine precipitates cadmium in the metallic state in the form 

of dendritical leaves, which attach themselves to the zinc. 
The following are the salts which Stromeyer has particularly 

examined. 
Carbonate of cadmium is pulverulent, and insoluble in water. 

It readily loses its acid when heated. Itis composed of 

WOME co + cae poh ares LOOT 
SBM, fs Sic cacghtutihast. woe oS 
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The sulphate crystallizes in large rectangular prisms, trans- 
parent, similar to sulphate of zinc, and very soluble in water. It 
effloresces strongly in the air, and loses easily. its water of crys- 
tallization at a gentle heat. It is not decomposed without 
difficulty by heat, and may be exposed to a feeble red heat with- 
out undergoing any change. Ata more elevated temperature, 
it gives out its acid, and is converted into a subsulphate, which 
crystallizes in plates, and which dissolves with difficulty in water. 
The neutral sulphate is a compound of 

Soak 428k. ob nai ve MOCO 
(Or a ee Were on ole 

100 parts of the salt take 34-26 of water of crystallization. 
Nitrate of cadmium crystallizes in prisms, or needles, usually 

grouped inrays. It is deliquescent. Its constituents are: 

Acide Gitte Ae ree Sree #200000 
Od eh were ie oe es os pw 117-68 

100 parts of the dry salt take 28°31 of water of crystallization. 
The chloride of cadmium crystallizes in small rectangular 

prisms, perfectly transparent, which efHloresce easily when 
heated, and which are very soluble. It melts before being 
heated to redness, after losing its water of crystallization, and 
on cooling assumes the form of a foliated mass, which is transpa- 
rent, and has a lustre slightly metallic and pearly ; but which 
speedily loses its transparency in the air, and falls into a white 
powder. At a higher temperature the chloride of cadmium 
sublimes in small micaceous plates, which have the same lustre 
and transparency as the melted chloride, and which undergo the 
same alteration in the air: 100 parts of fused chloride are 
composed of 

CURIE os Ora ty ee a os 61:39 
Chiorme: ye 7S Biante at OP, oO ON 

100-00 
Phosphate of cadmium is pulverulent, insoluble in water, and 

melts, when heated toredness, into a transparent vitreous body. 
It is composed of 

Acids. Seen ce eae) LOO-OD 
Omid aire ty 8 we, MaDe 

Borate of cadmium obtained by precipitating a solution of 
neutral sulphate of cadmium by borax is scarcely soluble in 
water. When dry, it is composed of 

“2 Sl leh eld ie 0 af OO 
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Acetate of cadmium crystallizes in small prisms, usually dis- 
posed in stars, whichare not altered by exposure to the air, and 
are very soluble in water. 

Tartrate of cadmium crystallizes in small needles, soft, like 
wool, and scarcely soluble in water. The oxalate is pulverulent 
and insoluble. 

The citrate forms a crystalline powder, very little soluble. 
Cadmium combines with sulphur, as with oxygen, in only one 

proportion. One hundred parts of cadmium take 28-172 of sul- 
hur. This sulphuret has a yellow colour, with a shade of orange. 
hen heated, it becomes first brown, and then crimson, but it 

loses these colours on cooling. It is very fixed in the fire. It 
begins to melt when it is heated to a white-red. It then crystal- 
lizes on cooling in transparent, micaceous plates, of the finest 
lemon-yellow colour. It dissolves even cold in concentrated 
muriatic acid, with the disengagement of sulphuretted hydrogen 
gas ; but it is attacked with difficulty even with the assistance of 
heat, when the acid is diluted. 

Sulphuret of cadmium is formed difficultly by fusing together 
the metal and sulphur. It is obtained with much greater ease 
by heating together a mixture of sulphur and oxide of cadmium; 

_or by precipitating a salt of cadmium by sulphuretted hydrogen. 
This sulphuret, from its beauty and the fixity of its colour, as 

well as from the property which 1¢ possesses of uniting well with 
other colours, and especially with blue, promises to be useful in 
painting. Some trials made with this view gave the most 
favourable results. 

Phosphuret of cadmium obtained by combining the metal with 
phosphorus has a grey colour, and a lustre feebly metallic. It 
is very brittle, and uncommonly refractory. When put upon a 
red-hot coal, it burns with a beautiful phosphoric flame, and is 
converted into a phosphate. Muriatic acid decomposes it, 
disengaging phosphuretted hydrogen gas. 

Iodine unites with cadmium both in the dry and moist way. 
We obtain large and beautiful hexahedral tables. These crys- 
tals are colourless, transparent, not altered by exposure to the 
air. Their lustre is metallic, approaching to pearly. It melts 
with extreme facility, and assumes on cooling the primitive 
form. Exposed to a higher temperature, it is decomposed, and 
allows iodine to escape. Water and alcohol dissolve it with 
facility. It is composed of 

Cadmium} 4s ries yeas fh. 100°00 
Fodime \Heet OA Te Fe. as ear 4a 

Cadmium unites easily with most of the metals, when heated 
with them without contact of air, in order fo avoid oxidation. 
Most of its alloys are brittle, and colourless ; but hitherto only 
a few have been examined with precision. 

The alloy of copper and cadmium is white, with a slight tinge 
Vou. XIV. N°IV. Ss 
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of yellow. Its texture is composed of very fine plates. It is 
very brittle, and when the cadmium amounts only to =,, it 
communicates a good deal of brittleness to copper. en 
exposed to a heat sufficient to melt the copper, the alloy is 
decomposed, and the cadmium is volatilized completely. Hence 
there is no reason to dread, that in the making of brass, the 
cadmium, which may be contained in the zinc, should do any 
damage. We see from this likewise, why tutty usually contains 
oxide of cadmium. This alloy was composed of 

REE irae aa ote gins a 100-0 
MMMM. oes cere bias ore 84:2 

The alloy of cobalt and cadmium has a good deal of external 
resemblance to arsenical cobalt. Its colour is very white, almost 
silver-white. Its texture is extremely fine, and it is very brittle 
and difficult of fusion. 

One hundred parts of platinum, heated with cadmium till the 
excess of that metal was volatilized, were found to retain 117°3 
arts. 
Cadmium unites with mercury with the greatest facility even 

when cold. The colour of the amalgam is a fine silver-white. 
Its texture is granular and crystalline. The crystals are octahe- 
drons. It is very hard, and very brittle. Its specific gravity is 
greater than that of mercury. The heat of 167° is sufficient to 
fuse it. It is composed of 

WECTCUTV i.e Se wiatin's hmes ae 100-00 
BT Se i 27:78 

The results of the preceding analyses are all founded on 
direct experiment, and not upon calculation. They are almost 
all the mean of several experiments, differing but little from each 
other. It will be found, on comparing them, that they not only 
agree very well with each other, but likewise that they corres- 
Sos to the equivalents adopted for the elements of compounds. 

owever, M. Stromeyer proposes to give them still a greater 
degree of precision, because he thinks, with justice, that in order 
that equivalents may serve the science for correcting the results 
of analyses, they must possess the greatest possible degree of 
precision. 

Articte VII. 

New Observations on Oxygenated Water. By M. Thenard. 
(Read to the Academy of Sciences, June 16, 1819.) 

In the last observations which I had the honour of presenting 
to the Academy on oxygenated water, I endeavoured ‘to demon- 
strate that water saturated with oxygen contains just twice as 



1819.] on Oxygenated Water. 275 

much oxygen as pure water; or, which is the same thing, that 
pure water is capable of absorbing 616 its volume of this gas, at 
the temperature of zero, and under a pressure of 0°76 metre. 1 
mentioned at the same time the physical properties of this new 
liquid, and the remarkable phenomena produced by its contact 
with several mineral substances. Since that time I have studied 
its action on almost all the other mineral substances, and on 
most vegetable and animal bodies. I shall not state here all the. 
results which I have obtained. [ shall mention only a single: 
one, which appears to me worthy of attention; namely, that. 
several animal bodies are capable, like platinum, gold, silver, &c. 
of disengaging the oxygen from oxygenated water, without. 
experiencing any alteration, at least when the liquid is diluted. 
with distilled water. 

I took pure oxygenated water, and diluted it so that.it con- 
tained only eight times its volume of oxygen. I passed 22 
measures of it into a tube filled with mercury. I then introduced 
a little fibrin, quite white, and recently extracted from blood. 
The oxygen began instantly to be disengaged from the water ; 
the mercury in the tube sunk; at the end of six minutes the 
water was completely disoxygenated; for it no longer effervesced 
with oxide of silver. Having then measured the gas disengaged, 
I found it 176 measures; that is to say, as much as the liquid 
contained. This gas contained neither carbonic acid nor azote. 
It was pure oxygen. The same fibrin placed in contact with 
new portions of oxygenated water acted in the same manner. 

Urea, liquid or solid albumen, and gelatin, do not disengage 
oxygen from water even very muchoxygenated. But the tissue 
of the lungs cut into thin slices, and well-washed, that of the 
kidneys and of the spleen, drive the oxygen out of the water with 
as much facility at least as fibrin does. The skins and the veins 
possess the same property, but in a weaker degree. 

But since the tissue of the lungs, of the spleen, of the kidney, 
&c. possess, like platinum, gold, silver, &c. the property of 
driving the oxygen out of oxygenated water, it is very probable 
that all these effects are owing to the same force. Would it be 
unreasonable to think that all animal and vegetable secretions 
are owing to the same force? I do not think that it would. We 
may in this way conceive how an organ without absorbing any - 
thing, without giving out any thing, may be able to act con- 
stantly on a liquid, and to transform it into new products. This 
manner of viewing the subject agrees with some notions lately 
thrown out, and which become in some measure palpable by the 
experiments which constitute the subject of this note. _ 

s2 
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ArTIcLe VIII. 

On Lasionite and Wavellite. By Dr. Joh. Nep. Fuchs, Profes- 
sor of Chemistry and Mineralogy at Landshut. 

“In the 18th volume of Schweigger’s Journal, p. 288, I inserted 
a short notice of a mineral, to which, from its hair-form crystal- 
lization, I have given the name of /astonite. It is found in the 
ironstone mine of St. Jacob, in the Upper Palatinate, where it 
occurs very sparingly scattered in the brown ironstone. ,This 
mineral has been long known and considered as a feather zeolite, 
to which, in its external characters, it has a very strong resem- 
blance. I found its constituents to be alumina, phosphoric acid, 
and water. This authorized me to make a peculiar genus of it, 
as no mineral composed of the same constituents had been 
hitherto known. It occurred to me, however, that waveliite, 
‘which I had not yet seen, might be nearly of the same nature 
with it; but I could not listen to this suspicion, as three of our 
most celebrated chemists, Klaproth, Davy, and Gregor, who had 
analyzed this mineral, had found nothing in it but alumina and 
water. Since that time, however, I have satisfied myself by 
experiment that wavellite not only contains phosphoric acid, but 
that in its chemical composition, it agrees exactly with lasionite. 
What follows will show this. 

Examination of Lasionite. 

Lasionite is infusible before the blow-pipe ; but it gives the 
flame a bluish-green colour, and thus betrays the presence of 
phosphoric acid. With carbonate of soda, it froths, and melts 
into a doughy mass. When heated to redness, it loses, accord- 
ing to a careful and very accurate experiment, 28 per cent. of its 
weight. It dissolves completely in! muriatic and nitric acid, as 
well as in caustic potash or soda; but the solution takes place 
much more easily and rapidly in the alkalies than in the acids, 
which must be employed in considerably greater quantities. 
When acetate of lead is dropped into the nitric acid solution, 
only a very small precipitate of phosphate of lead falls, when the 
excess of acid has been previously saturated with ammonia 
Sal-ammoniac throws it down unaltered from the alkaline solu- 
tions, and when ammonia is digested on the precipitate, it takes 
up but a very small proportion of the phosphoric acid. This 
shows us the difficulty of completely separating the phosphoric 
acid from the alumina. I was not completely successful in 
accomplishing this separation in my former experiments. By 
repeating my experiments, which I have been enabled to do by 
the goodness of Prof. Graf, who sent me some new specimens 
of the mineral from a fresh opening, I have obtained results 
which differ considerably from my former ones. I performed the 
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analysis in the following way: I dissolved 25 gr. in caustic 
potash, and added a smail additional quantity of potash to the 
solution, povred into it a solution of muriate of lime prepared 
with 25 gr. of carbonate of lime, and allowed the mixture to 
digest for a short time. The whole was then thrown upon the 
filter, and the alumina separated from the liquid which passed 
through by means of sai-ammoniac. It weighed, after being 
dried in a red heat, 9-14 gr. did not tinge the tlame of the blow- 
pipe, and with sulphuric acid and potash it formed alum. 

The precipitate obtained by means of the muriate of lime, 
which consisted of phosphate of lime with excess of: base, 
dissolved with slight effervescence in muriatic acid. From this 
solution the phosphate of lime was precipitated by means of 
caustic ammonia, separated on the filter, well washed with hot 
water, dried, and heated to redness. It weighed 19°2 gr. had: 
a gummy-like appearance, was infusible, dissolved without effer-- 
vescence in nitric acid, and acetate of lead threw down a 
copious precipitate from the solution, which, when exposed to 
the flame of the blow-pipe on charcoal, melted into a shining 
polyhedral button. After these trials, | held it superfluous to 
seek any further evidence of the existence of phosphoric acid in 
it; but it was still uncertain how much of this acid, phosphate of 
lime contains. To ascertain this, I dissolved 50 gr. of Iceland 
spar in muriatic acid, mixed the solution (after driving off the 
excess of acid by evaporation) with some caustic ammonia, and 
precipitated the phosphate of line by means of phosphate of am- 
monia.* It possessed exactly the qualities of the phosphate of 
lime obtained in the analysis of the lasionite. After being heated 
to redness, it weighed 51°52 gr. If we allow calcareous spar to 
contain 56°4 per cent. of lime, it follows that our phosphate of 
lime, which possesses the characters of a neutral salt, is com-- 
posed of 

Phosphoric acid .......... 45°26 
MiipeR eS 664i schryowaee GET 

100-00 
This eH nearly corresponds with Klaproth’s analysis of 

apatite. Hence it follows that 19-2 gr. contain 8-68 gr. of 
phosphoric acid, and the result of the analysis of 25 gr. of lasio- 
nite is : 

Alyminesis:06is0ws Kacchivwow. 14 
Phosphoric acid. .......... 8°68 
Wetter . sis), da isidam esheets owned 7200 

24°82 
* When the two neutral solutions are mixed together, we obtain a slimy, pearly 

powder, which acts as a weak acid, melts easily before the blow-pipe, and gives 
the flame a bluish-green colour. This salt, which contains much more phosphoric 
acid than that obtained in the way described in the text, is a biphosphate of lime, 
We have here an example of Richter’s well-known law. 
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Therefore 100 parts contain : ; 

Abrams!" SSO he st .. 36°56 
Phosphoric acid. .... e28 i Soe 7B 
Water) OI os VTE 20, 2 C2 BSG 

99-28 

Examination of Wavellite.* 

Wavellite, to which the names of devonite and hydrargillite 
have been also given, in its physical properties does not differ 
from lasionite. Before the blow-pipe it exhibits the same 
characters, loses the same weight in the fire, and is acted on in 
the same way by the acids and alkalies. 

The first analysis which I made of it was performed in the same 
way as the preceding, but the result was very different, as I 
obtained 54°32 per cent. of alumina, and 25°68 per cent. of 
phosphoric acid. When to these we add 28 per cent. of water, 
there is an excess of 8 per cent.; but it was not difficult to 
explain whence this difference and this excess proceeded. I had 
employed a greater quantity of potash in this analysis than in the 
preceding, and [ boiled it for an hour over the precipitated 
phosphate of lime. This occasioned the solution of some phos- 
phate of lime in the potash liquid which contained the alumina; 
and this portion was mixed with the alumina when that earth 
was thrown down by sal-ammoniac. When now the eight parts 
-of excess are considered as lime, and the phosphoric acid com- 
bined with it, and dissolved in the potash ley along with it, is 
considered as forming not neutral, but, as is probable, biphos- 
phate of lime, which, according to my experiments, contains 
53:4 per cent of phosphoric acid, and of course must be 
composed of 8 lime + 9:16 acid = 17°16 parts. This, being 
subtracted from the alumina, and 9-16 parts being added to the 
phosphoric acid, we obtain the constituents of wavellite as 
follows : 

WAUEAING), vi, su eho; oh Ae eset 37°16 
Phosphoric acid ........ .. 04°84 
Whater sh. .dsiic sahac dpnder'c weoRue 

100-00 

As doubts might be entertained respecting the accuracy of 
these numbers, I considered it. as necessary to repeat the 
analysis ; and to avoid the uncertainty produced by the solution 
of the phosphate of lime in the potash ley, I proceeded in quite 
a different way. I employed for the decomposition a solution 

* The speeimen of wavellite which I employed in this analysis was from Barn- 
staple. 1 was indebted for it to Major Petersen. 

+ Theodore de Saussure, as faras I know, was the first person who observed that 
phosphate of lime is soluble in. potash.—(See Gehlen’s Journal fiir die Chemie und 
Physik, ii. 668—702.) Klaproth likewise, in hisexperiments on the phosphorese- 
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of silica in potash, which I had found to answer very well in 

former experiments. ‘Twenty-five grains of wayellite were dis- 

solved in potash ley, and this solution was mixed with liquid 

silicate of potash, which contained an equal quantity of silica. 

There was immediately formed a thick slimy matter, from which 

~ by dilution with water, and boiling, a copious precipitate fell, to 

which I shall give the name of A. The liquid filtered from this 

precipitate was mixed with sal-ammoniac, without becoming 

muddy. It was then evaporated to dryness. The residual 

saline mass dissolved completely in water, and was neutral. It 

was mixed in the first place with some ammonia, aud then with 

muriate of lime, which occasioned a copious precipitate. This 

precipitate was separated immediately by the filter, washed with 

hot water, dried, and heated to redness. It weighed 19-4 gr. 

and exhibited the properties of neutral phosphate of lime. It 

dissolved readily and completely. in nitric acid ; and during the 

solution some small air-bubbles were extricated. It was then 

thrown down from the acid in the state of phosphate of lead. 

The precipitate A, which contained the alumina united to 

silica,* was carefully collected, and treated with muriatic acid. 

It dissolved rapidly and completely, and the solution assumed th
e 

form of a stiff jelly. From this the silica was separated in the 

usual way. The alumina was then thrown down from the solu- 

tion by ammonia. It weighed 9:3 gr. 

As 19-4 gr. of phosphate of lime contain 8°78 gr. of phosphoric 

acid, we have the constituents of wavellite as follows : 

Mifhnde! 73s AUS POPP. ae 

Phosphoric acid.....-+-+++- 8-78 

Wy GEN RIN A. ar 5 oat FOG 

25°08 

Consequently 100 parts contain, 

Alumina. ....0.s0se00ee08 37°20 

! Phosphoric acid. .....+++-- 35:12 

Water. ses cessviee coves ee 28°00 

100-32 

The small excess may proceed from a little carbonate of lime. 

ing earth from Marmaroseh, obtained a precipitate of phosphate of lime, whick 

dissolved in potash, (See Beitrage, iv. 366.) It is to be presumed that this preci- 

pitate contained phosphate of alumina. 

x J must here remark, that when a solution of silica and of alumina inan alkali 

are mixed together, the two earths do not precipitate alone, as has hitherto been 

thought, but united with a considerable quantity of the alkali, Hence the reason 

why the precipitate dissolves completely in acids and forms a jelly with them, as is 

the case with natrolite and fatstone. If soda be employed in this experiment, we 

obtain an artificial natrolite. I have made more observations on this important 

property in my Memoir on the Origin of Porcelain Earth, which will appear im 

the Transactions of the Academy of Sciences in Munich. 
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which was mixed with the phosphate of lime, and made the 
uantity of phosphoric acid be stated a litle above the truth. 
th other respects, this result agrees very well with the preceding, 
and with that which the lasionite gave. We are entitled 
from it to conclude, that wavellite is not a hydrate, but a phos- 
phate of alumina, and constitutes only one genus along with 
lasionite, which I propose to distinguish by the euphonious word 
lasionite. I examined a portion of this mineral for fluoric acid, 
but could discover no trace of it. 

In my former notice, I stated a conjecture that phosphoric 
acid may constitute an ingredient of many minerals, and when 
it is in combination with alumina, it may be easily overlooked by 
chemists ; because phosphate of alumina and pure alumina have 
the same solvents and the same precipitants, and alum may be 
formed from the one as well as the other. I have now more 
reason to repeat this conjecture, seeing that the presence of 
phosphoric acid has been overlooked in wavellite, though it 
exists in that mineral in such considerable quantity. The chief 
reason of this oversight was, that the alumina which it contained 
formed alum with sulphuric acid and potash. The formation of 
alum then is no sure indication of the purity of alumina, and 
shows only that alumina is present. If phosphoric acid be in 
combination with it, this acid may be either separated by the 
sulphuric, or it may enter as an ingredient along with it into 
the alum ; a point which can only be determined by an experi- 
mental investigation. Its presence in the alumina betrays itself, 
as has been already remarked above, when the mineral is sub- 
jected to the action of the blow-pipe by the bluish-green colour 
which it gives to the flame. This happens even when the 
proportion of phosphoric acid is very small.* The examination 
of alumina, therefore, for phosphoric acid is easy, and no 
analyst will overlook it hereafter. But this is not sufficient. 
According to the common method of separating silica, phosphate 
of alumina may easily be confounded with it. Hence it will be 
necessary to apply the same test to the silica. And as the 
alumina may conceal other substances as well as phosphoric 
acid, it will be necessary, by analytical trials, to correct our 
notions of the characters of this earth. Above all, the analysis 
of sapphire and corundum ought to be repeated, as it is not 
improbable that these minerals, together with alumina, may 
contain some other substance; perhaps a mietallic oxide. 
Probably one or other of the new earths might, by a more 
accurate analysis, be divided into alumina and some other sub- 
stance. 

* The compounds of phosphoric acid which, like apatite, do not colour the 
flame of the blow-pipe, acquire that property if they be plunged into sulphuric 
acid, This, therefore, is a very good method of knowing the presence of phosphoric 
acid, It may be employed likewise for the compounds of boracic acid, which 
give the flame a much finer, livelier, and purer green colour than phosphoric acid. 

ON a ee 
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I consider it as nearly superfluous to say any thing about the 
place which lasionite should occupy in the mineral system ; 
as'this presents itself almost spontaneously ; and every minera- 
logist will be able, without difficulty, to give it the place to which 

it belongs in the system that he has adopted. Lasionite must 

be ranked among the salts, and when these are divided into 
genera, according to the acids which they contain, which, in 
my opinion, is the best and most convenient method, it will 
come as a phosphate, and be placed immediately after apatite. 

Lasionite may be formed artificially by various methods ; but 
it can be exhibited only in a pulverulent form, like the earthy 
wavellite when it occurs in that state.* We obtain it when we 
dissolve fresh precipitated alumina in phosphoric acid, and 
precipitate by means of ammonia; probably likewise when we 
decompose an aluminous salt, as alum, by means of phosphoric 
acid, or a phosphate soluble in water, in the usual way, and then 
pour ammonia into the liquid. When we mix together a solu- 
tion of alum and phosphate of ammonia, a slight muddiness 
occurs at first, which speedily disappears. “From this mixture, 
phosphate of alumina may be precipitated by acetate of ammonia, 
even when an excess of acetic acid is present. This mode of 
proceeding is probably the best, because even when an excess 
of alum is present, it will not occasion the precipitation of any 
uncombined alumina. The analysis of artificial lasionite gave 2 
result very nearly the same with that of the natural mineral ; only 
the loss of weight in the fire was considerably greater, although 
i thad been well dried before it was exposed to a red heat. 

ArTIcLe IX. 

Observations on the Relation of the Law of Definite Proportions 
in Chemical Combination, to the Constitution of the Acids, 
Alkalies, and Earths. By John Murray, M.D. &c.&c. Read 
before the Royal Society of Edinburgh, March 2, and May 
18, 1818. (Not yet published.) 

Tue law that every body enters into chemical combination in 
a certain equivalent weight to others, and that when it combines 
in different proportiouws with another, these proportions have a 
simple arithmetical ratio, is perhaps the most important that has 
hitherto been discovered in the science of chemistry. It is now 
so far established, notwithstanding some difficulties which attend 
it, that when a view of the constitution of an extensive series of 

5 The so called earthy talc, from Freiberg, which H. John analyzed (Schweig- 

ger’s Journal, v. 222), may, perhaps, belong to it; but I can determine nothing on 
that point, as I am not possessed of the mineral, 
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chemical compounds is brought forward, different from what had 
hitherto been proposed, it is.mcumbent to show that it is con- 
sistent with the operation of this law; and if just, this may 
display relations not before observed, and may obviate objections 
which have arisen from a different view. It is from these con- 
siderations that I submit the following observations on the 
application of the law of definite proportions to the theory which 
ae proposed of the chemical constitution of the acids, alkalies, 
and their compounds. It necessarily leads to considerable 
modifications of these applications; and the conclusions which 
these afford, if I am not deceived, afford proofs of the truth of 
the opinion I have advanced, and lay open some new views. 
The subject is at the same time so extensive as to have relations 
to nearly all the details of chemistry. 

In the preceding paper I remarked, that the relations in the 
proportions of oxygen and hydrogen forming the supposed 
portion of combined water in the acids, will probably be those 
of one or both of these elements directly to the radical. It 
remained to be determined how far this is just. 

Sulphur affords the best example for illustration, as its combi- 
nations with oxygen and hydrogen are capable of being accurately 
determined. 

Sulphur and oxygen are held to combine in two definite pro- 
portions, forming sulphurous and sulphuric acids. In the first, 
100 parts of sulphur are combined with 100 of oxygen; in the 
second, 100 are combined with 150 of oxygen, forming what is 
called the real acid, with which are further combined 56-7 of 
combined water, the entire compound, constituting the acid in 
the highest state of concentration (1°85 of specific gravity), in 
which it can be procured in an insulated form. 

This constitution of these compounds appears at first view in 
opposition to the law of definite proportions in chemical combi- 
nations ; for, according to that law, the higher proportion of an 
element in combination with another is a simple multiple of the 
lower proportion in which it combines with the same body ; and 
hence, since in the first combination of sulphur with oxygen, 
100 of the former are combined with 100 of the latter; im the 
second, 100 ought to be combined with 200, while the combina- 
tion is that of 100 to 150. And in the atomic hypothesis, this 
involves the absurdity of supposing, that while, in the first 
compound, the combination, in contormity to the common rule, 
is that of one atom of sulphur with one atom of oxygen ; in the 
second, it is that of an atom of sulphur with an atom and a half 
of oxygen. To obviate this, it is supposed that a combination 
of sulphur with a lower proportion of oxygen exists—an oxide 
composed of 100 of sulphur with 50 of oxygen. The ratio will 
then be that of 1, 2, 3, of oxygen in the three compounds to one 
of sulphur. Andin the atomic system, the first will be held to 
be that of an atom of sulphur with an atom of oxygen ; the 
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second, that of an atom with two atoms ; and the third, that of 
one with three. To this, however, it may be objected, that no 
such oxide of sulphur can be obtained; though, if it were a 
possible combination, it ought, from the law of atttraction, that 
the first proportion of an element is retained in union with the 
greatest force, to be the one most permanent and most easily 
obtained. 

Whether this objection be just or not, the difficulty can be 
solved without any hypothesis, on the view that the elements of 
the supposed water exist in the composition of the acid ; for the 
quantity of oxygen in this water is just 50: of course, the entire 
quantity is the regular proportion 200. And the composition is 
100 of sulphur, 200 of oxygen, and 6:7 of hydrogen. 

This result favours the conclusion, that the relation of the 
oxygen in common sulphuric acid is entirely that of this element 
to sulphur ; that it is, therefore, in immediate combination with 
the radical ; and hence, that water does not exist in the consti- 
tution of the acid. And even if the existence of an oxide of 
sulphur, and of what is called real sulphuric acid, were admitted, 
the combinations would be strictly conformable to the law of 
proportions, being those of one of sulphur to 1, 2, 3, and 4 of 
oxygen, 

The proportion of hydrogen is also determined by its relation 
to the sulphur, for its quantity is that in which they combine, 
6:7 of hydrogen with 100 of sulphur, constituting the composition 
of sulphuretted hydrogen. 

{t thus appears that the proportions of both elements are 
determined by their relation to the sulphur as the radical of the 
acid, and are those which the quantity of sulphur would sepa- 
rately require. This, so far as theory can discover, is not a 
necessary result. The oxygen and hydrogen might each have 
required the quantity of sulphur with which they combine ; that 
is, the existing relations might have been those of sulphur to 
oxygen, and sulphur to hydrogen, in their several proportions. 
It is otherwise ; there is the relation of sulphur to oxygen, and 
in addition to this of hydrogen to the same sulphur ; and thus, 
since the same quantity of sulphur receives the acidifying 
influence of both elements, we discover the source of the higher 
degree of acid power. How water should augment acidity, no 
principle enables us to conjecture. But how the joint operation 
of two elements acting on the same quantity of radical which 
each of them separately is capable of rendering acid, should 
augment the effect is easily perceived. And even from this 
consideration alone, there can remain little hesitation in admit- 
ting the conclusion, that both these elements act directly on the 
sulphur; in other words, that the three are in simultaneous 
combination. 

As there is no proof of the existence of oxide of sulphur, and 
as no such compound as that denominated real sulphuric acid, 
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composed of 100 of sulphur with 150 of oxygen, can be obtained 
insulated, it might be supposed that the hypothesis of such 
combinations ought to be excluded ; and that the strict fact only 
should be admitted, of the two compounds which constitute 
sulphurous and sulphuric acids. 

ere is one ground, however, on which it may be inferred 
that a relation of sulphur to oxygen, in the proportion of 100 to 
150, exists.. When sulphuric acid is acted on by a base neutral- 
izing it, iis hydrogen combines with a portion of its oxygen 
forming water. The quantity of oxygen thus abstracted is 50, 
and, of course, the above proportion remains ; and this being 
admitted, the existence of oxide ofsulphur, it may be supposed, 
must also be assumed to bring the results under the law of defi- 
nite proportions ; and the combinations of oxygen to sulphur 
will still be in the ratio of 1,2, 3, 4. 

This conclusion, however, does not follow ; for in cases where 
this apparent result happens, the oxygen which is abstracted 
forming water is replaced by the oxygen of the base, and makes 
up the proportion of 200 to 100 of sulphur ; and the new com- 
pound is a ternary combination of these elements in these propor- 
tions with the metallic radical of the base. A single example 
will illustrate this : 30°7 of common sulphuric acid require for 
saturation 69°6 of oxide of lead; the former is composed of-10 
of sulphur with 20 of oxygen, and 0:7 of hydrogen ; the latter of 
64-6 of lead with 5 of oxygen. The hydrogen in their mutual 
action abstracts 5 of oxygen forming water, and there remain 20 
of oxygen, 10 of sulphur, and 64:6 of lead in combination. The 
same result is established in all other cases, and they afford no 
evidence, therefore, of the existence of any such compound as 
that of real sulphuric acid. 

But there is another case which does not admit of the same 
explanation, and in which the relation of 1 of sulphur to 14 of 
of oxygen seems to be demonstrated. It is that of the action of 
sulphurous acid on salifiable bases. Here, as there is no abstrac- 
tion of oxygen in the formation of water, while there is the 
addition of the oxygen of the base, the proportion in the combi- 
nation is that of 14 to 1 of sulphur. This will be apparent from 
the same example of oxide of lead: 20 of sulphurous acid 
composed of 10 of sulphur and 10 of oxygen combine with 
69°6 of oxide of lead, composed of 64°6 of lead and 5 of oxygen: 
supposing a simultaneous combination to be established, the 
proportions will be 10 of sulphur, 15 of oxygen, and 64-6 of 
lead; and supposing the two latter to observe a relation to 
sulphur, the proportion is that of 100 to 150 of oxygen. 

t might be maintained that no change of composition in the 
two binary compounds, the sulphurous acid and oxide of lead, 
takes place, but that they merely unite; or at least that while 
the sulphur and lead display their peculiar relation to each other, 
each of them retains its relation to oxygen. But this is con- 
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sistent with the general view which has been given of the state 
of a neutral compound, and can scarcely be supposed to exist 
with regard to one case, when the reverse is maintained with 
regard to others. 

At the same time, the relation of 100 of sulphur to 200 of 
oxygen is fully established in common sulphuric acid. Whether 
it is necessary to admit that of 100 to 50, except on the atomic 
hypothesis, is not apparent, but it is not improbable. 

The same view may be applied to the illustration of the acids 
of which carbon is the radical. I have remarked in the preced- 
ing paper, that the vegetable acids are to be regarded, not 
according to the doctrine of Lavoisier, as composed of a com- 
pound radical of carbon and hydrogen acidified by oxygen, but 
as compounds of a simple base, carbon, acidified by oxygen and 
hydrogen. On this principle the question occurs, what is their 
precise composition ? The proportions assigned by the analyses 
hitherto given appear at variance with every principle, and can 
be’ brought under no law, nor any apology whatever ; nor has 
this been attempted. Part of this may arse from the difficulties 
of the analysis, but more of it, perhaps, is to be ascribed to the 
composition not having been considered under the just point of 
view ; in more recent investigations, particularly in which only 
accurate experimental results can be expected, to the idea hav- 
ing been entertained that they contain a portion of combined 
water in their insulated state, which they yield when combined 
with a base, and that the composition of the acid is to be deter- 
mined, abstracted from this water, and as it exists in combina- 
tions in which it is supposed to be in what is called its real 
state. The principle which I have applied to their constitution 
leads to very diferent results. 

In conformity to the law, which it has been shown exists 
with regard to sulphur, it is probable the oxygen and hydrogen 
will be in the definite proportions which they separately observe 
to carbon; and from the different proportions in which they 
combine with this element, a number of compounds may be thus 
formed.  . 

Carbon, with the first proportion of oxygen, forms an oxide. 
Hydrogen is an acidifying power. Its addition, therefore, it is 
not improbable, may give rise to acidity, and its proportion will 
be determined either by its first or second proportion to carbon, 
or by both. Carbon, with its second proportion of oxygen, 
forms a weak acid. The addition of hydrogen to this will no 
doubt augment acidity, and its proportion will also be determined 
by its first or second proportion to carbon, or both. Four specific 
compounds will thus be established, which will be represented 
by carbonic oxide with a certain proportion of hydrogen, one 
that which exists in carburetted hydrogen, the other that in 
supercarburetted hydrogen ; and by carbonic acid with similar 
proportions of hydrogen. Further, there has appeared reason to 
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infer the existence of a relation in proportion of sulphur to oxygen 
intermediate between that of sulphurous and sulphuric acid ; a 
similar relation may exist in the case of carbon, intermediate 
between carbonic oxide and carbonic acid ; and with the addi- 
tion of hydrogen, may give rise to acidity. Lastly, there is 
some reason also ta suppose the existence of a combination of 
sulphur with oxygen in a lower proportion than that in sulphurous 
acid. There may be a similar combination with carbon, which 
may also, with an additional proportion of hydrogen, produce 
acidity. It remains to inquire how far the composition of any 
of the vegetable acids can be brought under these laws. 

Carbonic acid is the binary compound of carbon and oxygen. 
With the addition of hydrogen there is every reason to infer, 
that, as in the case of all the other binary acids containing 
oxygen, an acid will be formed of increased power. Ovxalic acid 
is the strongest of the vegetable acids; and the results of its 
analysis will be found to lead to the conclusion that it is this 
ternary compound. 

Berzelius submitted oxalic acid to experiment by combining 
it with oxide of lead, drying the oxalate, and decomposing it by 
heat. His object in followmg this method was to abstract the 
combined water of the acid, and to operate upon it in what is 
considered as its real state. He accordingly found, that the acid 
loses water in entering into this combination ; and he objects to 
a preceding analysis by Gay-Lussac, in which the oxalic acid 
had been operated on in the state of oxalate of lime, as in this 
combination the water of composition is not abstracted. His 
objection is valid, on the doctrine which has been universally 
adopted by chemists, of acids containing water essential to their 
constitution, which is abstracted when they enter into combina- 
tion with a base, such as oxide of lead, in which water is not 
retained. And if oxalic acid in passing into this combination 
lose water, as is the case, then, on this idea, its constitution 
ought to be determined from its analysis as it exists in a dry 
oxalate, exactly as that of sulphuric acid is inferred from its 
analysis in the state in which it exists in a dry sulphate. The 
reasoning of Berzelius, therefore, was relatively just; and on 
these data his results, though they have been objected to, as 
they involve difficulties in the atomic hypothesis, are correct. 
But in conformity to the doctrine I have illustrated, it is evident 
that the composition of the acid is not thus obtained, and that 
what exists in a dry oxalate, such as oxalate of lead, is a differ- 
ent combination. The crystallized oxalic acid is what ought to 
be submitted to analysis if it contained no water of crystalliza- 
tion ; but as it does contain a portion, this is to be removed, 
without abstracting what has been called water essential to the 
acid. It exists in this state in oxalate of lime; and hence the 
results given by Gay-Lussac (if experimentally correct, and they 
appear to be singularly so) give its real composition. They are 
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accordingly strictly conformable to the view I have stated of 
the composition of this acid. The proportions he assigns are 
26-56 of carbon, 70°69 of oxygen, and 2°75 of hydrogen.* Now 
carbonic acid is composed of 27:4 of carbon, and 72°6 of oxygen. 
The proportion of carbon and oxygen, therefore, in oxalic acid 
is precisely the same ; and the sole difference in composition 
from carbonic acid is in the proportion of hydrogen it contains. 

The constitution of oxalic acid may likewise be inferred 
indirectly from the method of Berzelius ; and it will be satisfac- 
tory if a coincidence is thus obtained. The composition of the 
real acid, as it is called, existing in oxalate of lead, is stated by 
Berzelius at 33°22 of carbon, 66°53 of oxygen, and 0°25 of 
hydrogen. But to this, to express the true composition of the 
acid, are to be added the proportions of oxygen and hydrogen 
expended in the formation of water, in the mutual action of the 
acid and the oxide of lead. The quantity of hydrogen is 
inferred from the quantity of oxygen: and there are different 
principles connected with the doctrine, as has been already 
illustrated in considering the action of sulphuric acid on a base, 
whence the proportion of oxygen may be determined. Thus, it 

‘must bea multiple of that existing in the composition of what 
is called the real acid, or in the composition of the known defi- 
nite compounds of carbon and oxygen, or it is equivalent to the 
oxygen in the base, this quantity of oxygen being always 
abstracted in the mutual action in combination with the requisite 
proportion of hydrogen. Adopting this last principle as the 
most direct, 100 parts of real oxalic acid, it appears from Berze- 
lius’s analysis, combine with 307°5 of oxide of lead: this quan- 
tity of oxide contains 22:06 of oxygen, which is, therefore, to be 
added to the composition of the acid, with the proportion of 
hydrogen equivalent to this, 2°94. Hence this quantity of acid, 
125 parts, is composed of carbon 33°22, oxygen 88°59, hydrogen 
3°19: or in 100 parts the acid consists of 26-5 of carbon, 71 of 
oxygen, and 2°5 of hydrogen, proportions almost the same as 
those assigned by Gay-Lussac, and affording a coincidence ona 
difficult subject of experimental investigation that does honour 
to the accuracy of these chemists. 

There can thus remain no doubt that the proportion of carbon 
to oxygen in oxalic acid is the same as that in carbonic acid. 
The sole difference between them is in the proportion of hydro- 
gen which the former contains : the one is the binary, the other 
the corresponding ternary compound, similar to what exists in 
other acids ; and hence also, in conformity to the analogy of 
these acids, and to the principle which accounts for their acid- 
ity, is explained the difference in their acid powers. 

The compound existing in a dry oxalate, such as oxalate of 
lead, ought to contain no hydrogen; for the whole of this ele- 

* Recherches Physico-Chimiques, tom, ii. p. 302, 
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ment, like the hydrogen of sulphuric acid, must, in the action of 
the base, be combined with oxygen, and abstracted in the state 
of water. The small portion.of hydrogen, therefore, stated by 
Berzelius, must be considered as derived from error of experi- 
ment; and its presence would be admitted more readily from 
the idea of some portion of hydrogen being essential to the 
constitution of the acid, as necessary to form what was regarded 
as its compound radical. In subsequent experiments, accord- 
ingly, Berzelius found reason to infer that the proportion was 
smaller than he had at first assigned. The minute quantity 
which he does suppose to exist in real oxalic acid (less than one 
per cent.) he brings forwards as a difficulty in the atomic hypo- 
thesis. A fraction of an atom, he remarked, cannot be supposed ; 
and, therefore, the small quantity of hydrogen must be considered 
as an entire atom. But from the proportions, it must be held to 
be combined with 27 atoms of carbon, and 18 atoms of oxygen, 
that is, with 45 other atoms—a combination certainly altogether 
improbable; and any arrangement that can be conceived 
scarcely lessens the difficulty. Mr. Dalton endeavoured to 
obviate this, by supposing that in the analysis of Berzelius the 
hydrogen is underrated. But the reverse is the case. The 
solution may now be easily given. In the composition which 
properly constitutes oxalic acid, the proportion of hydrogen is 
sufficiently large to present no difficulty. And in what was 
considered as real oxalic acid existing in the dry oxalates, there 
is no reason to suppose that hydrogen exists. lt is also obvious, 
thatthe proportion of oxygen and carbon ina dry oxalate is that 
constituting carbonic acid; for although in the action of the 
acid on the base a portion of its oxygen is abstracted with its 
hydrogen, a corresponding portion of oxygen is added from the 
base or metallic oxide, and a ternary compound is established. 

The proportion of hydrogen indicated in the composition of 
oxalic acid is not conformable to either of the two proportions 
of carbon and hydrogen, which constitute the two compounds 
at present admitted as constituting the only definite compounds 
of these elements, the carburetted and supercarburetted hydro- 
gen. Jt is much less even than that in the latter, which 
contains the lower proportion. Yet there is every reason to 
conclude, from the law which has been illustrated in reviewing 

_the composition of sulphuric acid, that it must exist in a definite 
relation to the simple radical of the acid, that is, to the carbon, 
conformable to the other relations which subsist between them. 
It follows, therefore, either that there is an error of analysis, in 
consequence of which the proportion of hydrogen is greatly 
underrated, or that there are other definite proportions in which 
carbon and hydrogen combine than those which are at present 
admitted. The coincidence in the results of the analysis by 
Gay-Lussac and by Berzelius, in a great measure precludes the 
former supposition; and indeed an error so great would require 
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to be assumed as cannot be supposed. The other conclusion, 
therefore, follows : it is rendered more probable by other consi 
derations, which give force to the opinion that hydrogen and 
carbon enter into more numerous proportions than have been 
assigned ; and it is nearly established by the results of this case 
itself. Supercarburetted hydrogen is composed of 100 of 
carbon witli 17°5 of hydrogen; carburetted hydrogen of 100 with 
35. In oxalic acid, 26-5 of carbon are combined, according to 
the analysis of Berzelius, with 2-5 of hydrogen, which is in the- 
proportion of 100 to 9-4. Now this deviates little, and not more 
than what may fairly be referred to accuracy in the estimation 
of the proportions in one or other of the compounds, from the 
fourth of the highest proportion, that in carburetted hydrogen ;* 
and hence, in conformity to the law usually observed, hydrogen 
probably combines with carbon in proportions following the ratio 
of 1, 2, 3, 4; and taking a mean which further investigation 
may determine with precision, 100 of carbon may be supposed 
to combine with 9, 18, 27, and 36, of hydrogen. ‘The proportion 
in oxalic acid will be conformable to the first of these relations, 
or half that in supercarburetted hydrogen. 

Tartaric acid, which is next in strength to the oxalic, or is 
even equal or superior to it in acidity, appears to be the same 
combination with a larger proportion of hydrogen. 

Gay-Lussac employed tartrate of lime as the medium to 
decompose the acid. In this state, while the water of crystal- 
lization of the acid is excluded, its composition is not subverted, 
for there is in the formation of tartrate of lime no abstraction of 
what is called combined water. The results, therefore, give the 
real constitution of the acid. The proportions he assigned are 
carbon 24:05, oxygen 69°3, hydrogen 6°62. Berzelius operated 
on tartrate of lead. The proportions he assigns are carbon 
35°98, oxygen 60°21, hydrogen 3°807. But in the formation of 
tartrate of lead by the action of the oxide on the acid, a large 
quantity of water is formed. This being taken into calculation, 
his results agree perfectly with those of Gay-Lussac. 

The proportion of the carbon to the oxygen, it is evident, is 
not much different from that which constitutes carbonic acid ; 
and the deviation is not greater than may fairly come within the 
allowance due to errors, liable to be present in a subject of 
analysis so difficult. 

The proportion of hydrogen is much larger than that in oxalic. 
acid: it must, however, in conformity to the law which has been 
stated as regulating the proportions in ternary acids, bear a 
certain relation to the radical of the acid, that is, to the carbon. 
And it is interesting to discover that this larger quantity is 
precisely the other definite proportion which it has appeared 

* The composition of either of the carburetted hydrogen gases is not so well 
determined as to exclude a correction sufficient to establish a perfect coincidence, 

Vout. XIV. N° IV. TT 
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from these illustrations must be inferred to exist in the combina- 
tions of carbon and hydrogen. The two known proportions, 
those existing in supercarburetted and carburetted hydrogen, 
are 100 of carbon to 18 of hydrogen, and 100 to 36; the other 
two are those of 9 and 27. The first was found in oxalic acid, 
and the other is discovered in tartaric acid, the proportion in the 
above analysis of 24°05 to 6°62, being that of 100 to 26-5. 

In the remaining, vegetable acids, the composition is evidently 
less perfectly determined, partly from the ditliculty of procunng 
them insulated, and’ rtly from the sources of error which attend 
the experiment, and ‘which have not been checked or detected 
by the application of a just principle. Itis, therefore, only from 
repeated experimental investigation, aided by such an applica- 
tion, that precision can be expected to be obtained. Still some 
of these results afford very nigh approximations to the views 
I have illustrated. 

The proportions I assign are those founded on the analyses by 
Berzelius, corrected by the theory I have stated. He combed 
the acid with oxide of lead, and submitted it to decomposition 
in this state; the water of composition he supposed to be thus 
abstracted, and the real acid obtamed. But the composition of 
the acid is in fact subverted, and the water is formed from the 
combination of its hydrogen with a portion of its oxygen. The 
quantity of oxygen thus lost is discovered by the quantity of 
oxide which the acid saturates, being equal, according to the 
principle already explained, to the quantity of oxygen in the 
oxide. The hydrogen lost is the quantity equivalent to this 5 
and these quantities of oxygen and hydrogen being added to the 
proportions assigned by Berzelius, give the real composition. It 
is further necessary to remark, that as there has appeared reason 
to infer the existence of four definite proportions of oxygen with 
sulphur, observing the ratio of 1, 2, 3, 4, and four proportions 
of hydrogen with carbon in the same ratio, so there will be found 
equal reason to infer the existence of four similar proportions of 
oxygen with carbon, 100 of carbon being combined 1m the first 
with 62°5 of oxygen, in the second with 125 constituting car- 
bonic oxide, in the third with 187-5, and in the fourth with 250 
constituting carbonic acid. With these preliminary observations 
itis sufficient to give the general results. 

Citric acid appears to be carbon with oxygen in the third 
definite proportion, that between carbonic oxide and carbonic 
acid ; and its hydrogen is nearly in the first proportion of that 
element to carbon. i 

Acetic acid is carbon with oxygen in the second proportion 
nearly, and with hydrogen in exactly the second proportion, 
that of 100 to 18. It is represented, therefore, by carbonic 
oxide, with hydrogen in the proportion which constitutes super- 
carburetted hydregen. 

Gallic acid is carbon with oxygen in none of the four definite 

ee 
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proportions, but almost exactly in the mean proportion between 
the first and second. Its hydrogen is nearly in the first propor- 
tion of that element to carbon. 

Suceinic acid is carbon with oxygen in the second proportion, 
that constituting carbonic oxide. The hydrogen conforms to 
none of the four proportions, but is the precise mean between the 
first and second. 

In saccho-lactic acid the relation of the oxygen to the carbon 
is not that of any of the definite proportions, but is nighest to 
the third. The hydrogen is that which constitutes supercarbu- 
retted hydrogen. 

The analysis of benzoic acid is evidently very doubtful, owing 
to the difficulties which attend it from its volatility. Itis the 
only one in which the proportion of oxygen to carbon is less even 
than the lowest of the definite proportions of these elements. 
‘The proportion of hydrogen is almost exactly that of the first 
roportion. 
If the definite proportions of oxygen and hydrogen to carbon 

be assumed to be more numerous than four, but still observing 
the law of simple multiples, all these results may be easily 
brought under the law. The relations suggested by these 
researches, and particularly those which prove that proportions 
of carbon both to oxygen and to hydrogen exist inferior to the 
lowest known proportions of these elements, afford much support 
to the conclusion, that their definite combinations are more 
numerous than the few that have been admitted, either on the 
doctrine of equivalents, or on the atomic hypothesis. And on 
the latter, the composition of organic compounds may be 
accounted for with this conclusion, so as to preserve what con- 
stitutes its chief exceHence—the principle that one body ina 
combination is always in the relation of one atom, and which is 
confessedly incapable of being maintained, with the assumption 
merely of the few definite proportions of the elements that have 
hitherto been assigned. 

The view indeed that the vegetable acids are compounds of 
a simple radical (carbon) acidified by oxygen and hydrogen, and 
the law existing in this and other ternary combinations, that two 
of the elements observe the requisite relations in proportion to 
the third as a base, may probably be extended to all the vegeta- 
ble, and, perhaps, even to the more complicated animal products ; 
and, with the admission of a more extensive series of definite 
proportions in the primary elements, may remove the necessity 
of the law advanced by Berzelius, and apparently now admitted 
by the supporters of ee atomic system, that while in inorganic 
bodies one of the constituents is always in the state of a single 
atom, in organic bodies it is not so, but very often the reverse. 
If this law be excluded, and the reverse established, it wilh 
assimilate the constitution of organic to that of inorganic com- 

"2 
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pounds, and must contribute greatly, independent of uniformity 
and simplicity, to render that of the former, at present so mvolved 
in obscurity and discordance, more precise. 

The compounds of nitrogen with oxygen present considerable 
difficulties ; some of them are not easily obtained insulated ; the 
specific distinctions, therefore, which constitute the series, have 
been variously represented, and the subject is still imperfectly 
elucidated. Two of them, however, are determined with suffi- 
cient precision, from which we may proceed—those constituting 
the two oxides ; the first, nitrous oxide, being composed of 10 
of nitrogen with 5:7 of oxygen; the second, nitric oxide, of 10 
of nitrogen with 11-4 of oxygen. 

These combinations are conformable to the usual law of defi- 
nite proportions, the oxygen in the one being to that in the 
‘other as 2 to 1. It might be expected, therefore, that in the 
two succeeding compounds admitted by chemists, nitrous and 
nitric acids, the same ratio would be observed; that the oxygen 
in the one would be as 3, and in the other as 4. It appears, 
however, from experimental evidence, that these are not the 
proportions. : 

Nitric acid, the extreme of the series, is the one most capable 
of beipg obtained uniform, and the composition of which admits, 
therefore, of the most exact determination. Even withregard to 
it there are discordant results ; but from those of greatest accu- 
racy the proportions may be fixed at 10 of nitrogen with 285 of 
oxygen—a proportion of oxygen which is to the first not the 
multiple of 4, but 5; and which, therefore, breaks the uniformity 
of the series. bt 

The composition thus assigned, however, is that of what is 
called real nitric acid, free from the portion of combined water 
supposed to exist in the acid in its insulated state, and abstracted 
when it passes into its saline combinations. If we exclude this 
hypothesis, and consider this water as existing in the acid in the 
state of its elements, and the acid, therefore, as a ternary com- 
pound of nitrogen, oxygen, and’ hydrogen, this portion of oxygen 
is of course to be admitted into the calculation. — But still this 
does not obviate the difficulty. The quantity of this water has 
been variously estimated. If the estimate by Dr. Wollaston be 
admitted, that of 0:25, it gives the proportion of 10 of nitrogen 
and 40 of oxygen, which makes the multiple of oxygen 7—a 
result equally distant from the regular progression. 

The composition of the intermediate compound, nitrous acid, 
it has been found still more difficult to determine, principally 
from the difficulty of obtaining. it insulated, and free from all 
intermixture of nitric acid and nitric oxide. Different views 
have been proposed with regard to it to remove the difficulty. 
‘Gay-Lussac, in particular, assumed the existence of two com- 
pounds, peritrous and nitrous acid, intermediate between nitric 
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oxide and nitric acid, which, from their proportions, afforded the 
intermediate multiples 3, 4, that of real nitric acid being consi- 
dered as 5. But Dulong has shown that these acids are the 
same. He has also obtained nitrous acid in its insulated state ; 
its composition is 10 of nitrogen with 22:8 of oxygen—a propor- 
tion of oxygen which gives the multiple 4 ; so that the series is 
still complete, being that of 1, 2, 4, and either 5, or 7. 
When this acid is acted on by an alkaline base, it is decom- 

posed ; one part passes to the state of nitric acid, and forms a 
nitrate ; and the other forms a nitrite. It might be supposed, 
therefore, that one portion of it yields oxygen to the other, and 
that thus a subnitrous acid is formed, which might afford the 
intermediate proportion. Nitric oxide gas, however, is disen- 
gaged, so that there is probably no reduction in the degree of 
oxygenation. And if there were, it would, conformably to the 
principle illustrated under the consideration of sulphuric acid, be 
replaced by the oxygen of the base, and form the ternary com- 
pound constituting the nitrite, so that the relation of this element 
to the nitrogen would be the same. There is, therefore, no 
evidence of the existence of any definite compound intermediate. 
between nitrous acid and nitric oxide, and the ratio of oxygenin 
nitrous oxide and these two compounds is that of 1, 2, 4. 

The proportion in nitric acid, it has been stated, is that which 
gives the multiple 5 of oxygen. But. this applies to. what, is 

._ called the real acid free from water, and no such compound 
exists, not even in. combination with.a base ; for, as has been. 
already shown, when an acid yields water from the action of a 
base, though there is thus an abstraction of a portion of .its 
oxygen, it receives that of the base, and forms a ternary combi- 
nation, in which the proportion of oxygen to the radical remains 
the same. 

The real composition, therefore, must be determined in its 
state of hydronitric acid. The quantity of combined water, 
according to the common expression of the fact, existing in it, 
has been variously stated ; but if the estimate in Dr. Wollaston’s 
scale of 0:25 in acid of the specific gravity 1:50 be taken, this: 
gives as the composition 10 of nitrogen, with 40 of oxygen and 
‘55 of hydrogen: and this again gives 7 as the multiple of 

oxygen in the series of compounds—a result which it is scarcely 
possible to connect according to the established law with the. 
multiple 4, in the lower compound, nitrous acid. 

It is certain, howeyer, independent of this circumstance, that. 
the quantity of water (or of oxygen and hydrogen equivalent to 
it), thus assigned, is not the just proportion essential to the 
constitution of the acid ; for the specific gravity 1-50 is not the 
highest at which it can be procured. It is obtained with cer- 
tainty at 1°55 at 60°; by some chemists it is stated at 1°58, and 
by Proust even at 1:62. At 1°50, therefore, it must be diluted 
with a certain portion in addition to the real combined water of 
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the common hypothesis. Dr. Wollaston has observed, that to 
decompose nitrate of potash so as to afford nitric acid, it is 
necessary to employ as much sulphuric acid as forms bisulphate 
of potash; and hence each portion of potash from which dry 
nitric acid is separated will displace the water from two equiva- 
lents of sulphuric acid. One of these portions of water, it may 
be presumed then, will go as essential to the constitution of the 
nitric acid, or rather its oxygen and hydrogen will do so, the 
other is adventitious, though from the volatility and facility of 
decomposition of the acid it may not be easily abstracted. 

On this view, the composition of the acid will be found to be 
100 of nitrogen, 34 of oxygen, and 0°76 of hydrogen, which gives 
6 as the multiple of oxygen to the first proportion of that element. 
The proportion of hydrogen is to the nitrogen as the first or 
lowest equivalent, that i ammonia being the third, the former 
being 0°76 to 10, the latter to the same quantity of nitrogen 2:3. 

The same view of the composition of hydronitric acid may be 
inferred from the proportion of oxygen and nitrogen in the dry 
nitrates. Inthese, as in other analogous cases, the abstraction 
of oxygen in the formation of water at their formation is compen- 
sated by the oxygen of the base; the metallic radical of the 
latter merely replaces the hydrogen of the acid, and the propor- 
tion of oxygen to the radical of the acid remains the same. 

It thus appears, that the series of the nitrous compounds is. 
nitrous oxide, nitric oxide, nitrous acid, and nitric acid. The 
oxygen in the first is to the nitrogen as 5°7 to 10; and taking 
this first proportion of oxygen as 1, that in nitric oxide is 2, in 
nitrous acid 4, and in hydronitric acid 6—a ratio sufficiently 
conformable to the law of definite proportions. 

If it were admitted that the oxygen and nitrogen remaining 
after the action of hydronitric acid, and anhydrous nitrous acid, 
formed binary compounds, which entered into direct combina- 
tion with the alkali; then from the abstraction of one proportion 
of oxygen in the one by the formation of water, and in the other 
by the production of nitric acid, compounds would be formed, 
intermediaté in the former between hydronitric and nitrous acid, 
and in the latter between nitrous acid and nitric oxide, and thus 
the series of the proportions of oxygen of 1, 2, 3,4, 5, 6, would 
be completed. ‘This view, however, is not probable. At the 
same time, the relation of these elements in these intermediate 
proportions may exist in other ternary compounds, though they 
are not found in binary combination, or in the ternary combina- 
ions which they form with hydrogen, or with metallic bases. 

(To be continued.) 
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ARTICLE X, 

On Ferro-chyazate of Potash, and on the Atomic Weight for Iron. 
By R. Porrett, Jun. 

In a paper of mine published in vol. xii. ofthe Annals of Phi- 
losophy for 1818, p. 214, on the Triple Prussiate of Potash, I 
drew a comparison between my analysis of this salt made’ in 
1814 and that made by Dr. Thomson, which had just appeared, 
and after remarking, as that acute chemist had done, that the 
results did not accord with the atomic theory, I related an expe- 
riment I had made by decomposing the triple prussiate with 
tartaric acid, which seemed to prove that both had overrated the 
quantity of potash in that salt, and that when this was corrected, 
the number for its acid constituent would be represented on the 

scale of equivalents by 85-9. 1 showed also‘that a nearly similar 
number, namely 84-7, resulted from my analysis of ferro-chyazate 
of barytes (after rectifying a mistake in the quantity of water 
which [ had attributed to that salt); and that if we considered 
the ferro-chyazic acid as composed of 

4 atoms carbon. ....eseee8 30°16 
Latoniiazotesiis 3a. r:<ide dale 17°54 
1 atom iron ........ werd 34°50 
2 atoms hydrogen. ........ 2-64 

84:84 

the number representing its atomic constitution would then 
agree very well with the equivalent number derived from the two 
analyses above-mentioned. I, therefore, proposed this view of 
its nature as a probable explanation of the discrepancies between 
the former experimental results, and those deducible from the 
application of the atomic theory. But this explanation, hitherto 
only probable, assumed all the appearance of a well-established 
fact; when upon carefully collecting and examining the gases 
produced from: the combustion of ferro-chyazic acid, I actually 
obtained carbonic acid and azote gases in the proportions of four 
volumes of the former to one volume of the latter gas ; and in 

- quantities which, as nearly as could be expected, were the same 
as calculation indicated. 

After this I entertained no doubt but that [ had given the exact, 
composition of ferro-chyazic acid, and also of its salts, with base 
of potash and of barytes ; and was very much surprised when I 
learned that Mr. R. Phillips had ascertained that it did not 
contain so much iron as I had assigned to it. This circumstance 
Mr. Phillips obligingly requested a mutual friend to communicate 
to me. 
- My attention being thus again called to the subject, I soon 
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perceived that in the formula which I had proposed as represent- 
ing the atomic constitution of the ferro-chyazate of potash, the 
only part which did not appear to be supported by the results of 
experiment, was that which gave the quantity of iron as amount- 
ing to one atom, all my experiments, as well as those of Dr. 
Thomson, having made it less; and Mr. Phillips’s message 
seemed to prove that these experimental results were much 
nearer to the truth than the theoretical ones. 

I, therefore, felt the necessity of making further researches 
into the very complicated composition of this salt, convinced 
that the uncommon difficulties which its analysis presents, had 
never yet been so completely overcome as to admit of its con-. 
stituents being stated with that rigid accuracy which is now so 
essentially required in chemical investigations. 

I began with experiments to ascertain the quantities of iron 
and of potash which the salt contains ; and after trying various 
modes of analysis, I fixed upon the following, as being sus- 
ceptible of greater accuracy than any other which I had 
attempted. 

Twenty-five grains of ferro-chyazate of potash were burned in 
a covered platina crucible with nitrate of ammonia; after the 
combustion, which was very vivid, I found in the crucible a 
saline mass mixed with red oxide of iron, which weighed 21°5 
gr. and was composed of 17 gr. of nitrite of potash, and 4°5 gr. 
of red oxide of iron: I separated the nitrite of potash from the 
oxide of iron by lixiviation, and added a sufficient quantity of 
muriatic acid to it to convert it into a muriate; nitrous gas was 
immediately given off; and after evaporating to dryness, I 
obtained 16°5 gr. of chloride of potassium; these quantities of 
red oxide of iron and of chloride of potassium are equivalent to 
10°42 potash, and 3°15 iron, which, multiplied by 4, give 41:68 
.of the former, and ]2°6 of the latter substance, as contained in 
100 of the ferro-chyazate. 

The quantity of alkaline base in the salt being thus ascer- 
tained, and also the ferruginous portion of the acid, I had next 
to find the quantities of the other constituents of that acid ; 
namely, its carbon, azote, and hydrogen ; and for this purpose, 
I repeated several times the combustion of the salt, mixed with 
peroxide of copper: the average quantity of gases collected from 
one grain of the salt, with from 20 to 30 times its weight of per-_ 
oxide, was as follows: 

Cubic inches. Volumes. 

Carbonic acid :......... | Car hale tA sir oo 
ZOU a eek cere mete eG ee ee 

2-24, 5 

a result which exactly corresponds as to the proportions between . 
the two gases with what I before published, but which differs 
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from it by an excess of nearly half a cubic inch in their total 
quantity ; the true quantity, I believe, lies just halfway between 
them; that is to say, it should be precisely two cubic inches ; 
nevertheless I shall not here make any corrections in the expe- 
rimental quantities above obtained, but draw my conclusions 
strictly from them, leaving it ultimately to the atomic theory to 
polish off the rough product of experiments ; taking, therefore, 

1:79 cubic inches of carbonic acid gas as representing 0°2264 of 
a grain of.carbon, and 0:45 of a cubic inch of azote gas as equal 
to 0:1332 of a grain of azote, we obtain the numbers 22°64 and. 

13:32 for the quantities of carbon and of azote in 100 of the salt: 
in question. 

In the experiments made by burning the salt with peroxide of 

copper, I was for some time puzzled to account for the necessity 

of employing so much of the oxide as.I found requisite in order 
to obtain the maximum quantity of gases; but 1 subsequently 

discovered that the oxide which I employed contained a minute 

quantity of silica; and that when a sufficiency of this last was 
not introduced by means of the oxide, the potash of the salt 

retained behind with it a portion of carbonic acid, which, in the 

opposite case, was expelled as gas when the silica combined 

with that alkali ata red heat. Hence it would seem adviseable, 

in all future attempts, to ascertain the composition of a combus- 

tible acid by burning it united to an alkaline base, to add to the 

peroxide of copper employed a proportion of silica sufficient to 

saturate the alkali, and prevent its remaining behind in the state 

of subcarbonate, or of nitrite, by converting it into a silicate. 

I estimated the quantity of hydrogen by ascertaining that of 

the peroxide decomposed in the above experiments beyond what 
was employed in converting the carbon into carbonic acid. My 
mode of doing this was to act upon the residuum of the combus- 

tion by diluted sulphuric acid, which dissolved all the oxide that 

had not been decomposed, and left the remainder in the metallic 

state. From the weight of this reduced copper, it was easy to 
infer that of the oxygen expended, and by subtracting therefrom 

what combined with the carbon, to deduce the proportion of 
hydrogen which united with the residue. The quantity of 

hydrogen which, by this means, I computed to exist in 100 gr. 
of the salt was 0°8 ofa grain. 

I may here remark, that this mode of computing the hydrogen 
appears to be susceptible of greater precision than that of weigh- 
ing the water which may be collected after the experiment ; for 
to say nothing of the difficulty of such collection, 1t must some- 
times be a matter of uncertainty whether part of that water did 
not exist as such in the substance operated upon ; besides, one 

sr of hydrogen furnishes only nine times its weight of water, 
ut it decomposes 40 times its weight of peroxide of copper. A 

minute quantity of hydrogen, therefore, is more readily and 
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certainly detected by weighing the metal reduced by its means 
than by weighing the water which it produces : the only circum- 
stance which it is necessary to guard against, when this process 
is resorted to, is the oxidation of any portion of the azote. 

To return to the analysis.—It now only remained that I should 
ascertain the quantity of water of crystallization in the salt; but 
renewed experiments to determine this added nothing to what 
I had before stated, and which had been confirmed by Dr. 
Thomson ; namely, that only 13 per cent. could be separated 
from it at a temperature below that which would decompose its 
aeid. In taking 13 then as the quantity of water in 100 of the 
salt, we cannot be certain that it indicates the whole quantity, 
but must rest satisfied with it as the nearest approximation to that 
quantity which experiment is capable of giving us. 

Collecting now, from the preceding experiments, the propor- 
tions of all the constituents of 100 gr. of ferro-chyazate of 
potash, they appear as follows : 

Grains, 

Potasdins. of}. .aisea alk ducctiseany . 41°68 
Troan ig 3 coaktsd 12-60 

Ferro-chyazic acid — GON ayaa" pits 

Hydrogen ...... 00°80 
Weoterivend .unlndlous oh bam ae 13-00 

ands 104-04 

being a surplus of four grains, arising from the unavoidable 
inaccuracies in determining experimentally on small portions of 
the salt the proportions of so many constituents. 

These inaccuracies are easily removed by the application of 
the atomic theory ; for by taking as our guide the weights of 
the atoms of each of the elements, we obtain the following 
numbers : 

Ti AGO TEE aca dart cinch Senin ht ohepnmcnd ». = 60:00 .... 40°34 
2 atomiron ...... he 6 a I IE 

1 atom ferro-chyazic } 4 atoms carbon. .. = 30°00 .... 20:17 
acid = 66:25 T AROM AZOtE .- in =e, 7 FA, | ae, mca lt 

1 atom hydrogen... = 

1 ferro-chyazate of potash ............ =148'75 ....100-00 

which doubtless gives the true proportions of the several ele- 
ments of this salt. ia 

Thus it appears that in attempting to reconcile the analysis of 
ferro-chyazate of potash with the numbers generally received as 
representing the relative weights of the atoms of its several 
elements, we are reduced to the necessity of considering one of 
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these elements ; namely, the iron, as half an atom only; and 
this palpable absurdity can only be obviated by one of the two 
following methods: that is, either by multiplying all the atoms 
by 2, so as to get rid of the fraction, or by considering the 
number hitherto admitted for the atom of iron as being double 
what it ought to be; but by the former of these methods, we 
should obtain a number representing the weight of an atom of 
ferro-chyazate of potash, which would not be equivalent to the 
known quantities of the different chemical agents which decom- 
ose it. Such a number, therefore, must be wrong, and the 

method of producing it must be so likewise. The other method I 
have, therefore, no hesitation in resortmg to ; and on trying how 
far the number thus deduced for the atom of iron (namely 17-5) 
could be reconciled with the well-ascertained composition of its 
oxides, sulphurets, and chlorides, | had the great satisfaction of 
finding that it was easily reconcileable to them ; and, moreover, 
that it was the only weight hitherto deduced for iron which was 
reconcileable to them a//; the others being so only partially. 
Thus although the number 35 for iron with 10 for oxygen = 45 
exactly expresses the composition of protoxide cf iron, yet it does 
not adapt itself to that of the peroxide, which to 35 iron contaims 
15 of oxygen, or 14 atom of the latter: here the absurdity of 
half an atom shows itself. The difficulty in this case was appa- 
rently well got over by Dr. Thomson, who considered the perox- 
ide as composed of two atoms of iron with three atoms of oxygen, 
or as 70 + 30; and if there were only two oxides of iron, this 
explanation would very well apply. But there is an oxide of 
iron distinctly established both as existing in nature and as a 
product of art (1 mean that which Berzelius has called the 
oxydum ferroso ferricum, and which Gay-Lussac obtained artifi- 
cially by passing the vapour of water over red-hot iron), which 
contains 274 per cent. of oxygen—a proportion intervening 
between that in the protoxide and that m the peroxide, the com- 
position of which cannot be stated in whole atoms either by 
taking the weight of iron as 35, or as 70: with the former it 
must be set down as with 13:3, or 12 oxygen, and with the latter 
as with 26-6, or 22 oxygen. The attempt to consider this oxide 
as a combination of one atom protoxide with two atoms peroxide, 
instead of a distinct oxide ef itself, can only be considered as 
one of those ingenious expedients which have been resorted to 
in order to make an experimental result harmonize with a theo- 
retical one when the two appeared discordant ; it will doubtless 
be abandoned now that it can be shown that this discordance 
was only apparent, and resulted from taking the weight of an 
atom of iron at double its real amount. 

The following table of the compounds of iron with sulphur, 
oxygen, and chlorine, will show the manner in which the new 
number now proposed for iron adapts itself to all those com- 
pounds, several of which the whole number is inapplicable to. 
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Tron, 17°5. 

With Sulphur, 20, With Oxygen, 10. | With Chlorine, 45. 

Protosulphuret, or Magnetic|Protoxide, or Black Oxide + Teer 
Pyrites. seal (magnetic). Protochloride, 

2 Iron,.....35,,63°75 100/2 Tron ......35 78 100°0/2 Iron...... 35 43°75 100°0 
1 Sulphur ., 20 5625 57/1 Oxygen,..10 22 28°5/1 Chlorine.. 45 56°25 128-7 

— nr — 

55 10000 157 45 100 128-5 80 100:00 228-7 

Deutoxide (Gay-Lussac’s) > 
er va sksbiayan (slightly magnelic). 

3 Iron....... 52°%5 57 100)3 Iron. .... 52°35. 72°5 100 \No corresponding chloride 
2 Sulphur... 40°0 43° 76/2 Oxygen.. 20-0 27:5 38 known, 

92°5 100 176 72°5 L00:0 138 

Tritosulphuret. Tritoxide, or Red Oxide.* Perchloride. 
A Tron ........70 (54 1004 Iron.........70 70 100/4 Tron.... 70° 34°14 100-00 
3 Sulphur. ,...60 46  86)3 Oxygen......30 30 43/3 Chlorine 135 65°86 192-85 

— —_ ——-$ ——- _ 

130 100 186! 100 100 143 205 100-00 292-85 

Persulphuret, or Cubic Pyrites, 

1 Iron... 175 46°5 100°0 { no corresponding oxide] No corresponding chloride 
1 Sulphur 20:0 53°5 1142 ‘known. known. 

ee 

37°5 100°0 214-2 

In the first column of the above table, I haye introduced two 
sulphurets not hitherto admitted by chemists, the existence of 
which it is, however, easy to infer from Proust’s experiments, 
recorded in his paper on the Native and Artificial Sulphurets of 
fron, a translation of which may be seen in the first volume of 
the octavo edition of Nicholson’s Philosophical Journal. . He 
distilled 400 gr. of fine cubic crystals of native persulphuret, and 
separated from it 75 gr. of sulphur : there remained a sulphuret 
weighing 322 gr.: hence 100 gr. would have become 81 gr. 
Now as 100 persulphuret contain 46:5 of iron, these 81 gr. must 
bave contained the same quantity of that metal combined. with 
34:5 of sulphur; but as 46-5 is to 34°5, so is 57-4 to 42:6, which 
agrees very closely with the composition assigned in the table to 
the deutosulphuret. 

In another experiment described by Proust, he succeeded by 
very cautiously applying a heat below redness to a mixture of 
protosulphuret and sulphur in making the former take up half as 
much sulphur again as it was previously combined with. Now on 
referring to the table, it will be immediately obvious that he 
must have formed the tritosulphuret which with 100 parts ofiron 

* From Haiy's Experiments on Double Magnetism, it would seem that even the 
red oxide retains some magnetic influence, 
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exactly contains this increase of sulphur over that in the proto- 
sulphuret. Proust’s experiments give the proportions of sulphur 
in these two sulphurets as 60 to 90 with 100 of the metal, 
numbers which differ but little from those in the table. 

It is, therefore, evident, from the two experiments just de- 
scribed, that Proust had formed two new compounds, the deuto 
and the tritosulphurets, although he was not himself aware of it, 
but considered them as agreeing in composition with the two 
sulphurets commonly known as protosulphuret and as persul- 
huret. 

i From the preeeding experiments and deductions, I think it 
will be clear that the atom of oxygen being 10, that of iron 
should be represented by the number 17-5, the same as that of 
azote, and that we are now entitled to consider the atom of ferro- 
chyazic acid as composed of 

30°00 4 atoms of carbon...... i= 
1 atom of azote. ....... . = 17:50 
i Gtomrefaronls::<..<s\e'. 3 . = 17-50 
1 atom of hydrogen. .... = 1°25 

66°25 

also that this acid combines with one atom of base and two 
atoms of water to form the ferro-chyazates. 

The reduced weight for an atom of iron will, I trust, account 
for the small proportion in which this metal and its oxides enter 
into the composition of several mineral bodies, and will, perhaps, 
show that in some of those instances where it has been consi- 
dered as an accidental ingredient, it is in reality chemically 
united in atomic proportions with the other constituents of the 
mineral. 

Tower, Sept. 18, 1819. 

ARTICLE XI. 

ANALYSES OF Books. 

A Critical Examination of the first Principles of Geology; in a 
Series of Essays. By G. B. Greenough, President of the 
Geological Society, F.R.S. F.L.S. London. 

Turs work deserves the particular attention of geologists. It 
comes from a gentleman who has been -for many years enthusi- 
astically devoted to geological pursuits; who has dedicated to 
them the greatest part of his time and study, and who has 
appropriated a very handsome fortune to the promotion of his 
favourite objects. He has read every thing that has been writ- 
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ten on the science in almost all the languages of Europe. He 
has surveyed in person almost every corner of Great Britain and 
Ireland ; he has traversed France, and Germany, and Transyl- 
vania, and visited Switzerland, Italy, and part of Spain. He 
has studied most of the geological collections of Britain, France, 
Germany, and Switzerland, and compared the opinions of the 
most celebrated theorists with the tracts of country on which 
their opinions have been founded. When to all this we add 
the modesty and candour which he has uniformly displayed, 
and the independence of mind which has prevented him from 
being entangled im the trammels of any system, however fashion- 
able or fascinating it might happen to be ; it will be admitted, 
we think, that the exammation of the first principles of this very 
difficult science could not easily have fallen into abler hands, or 
been examined by one more capable of doing justice to the merits 
of all parties, nor more likely to remove the magical influence 
attached to great names which have stamped upon certain 
opinions an artificial value, to which of themselves they are by 
no means entitled. 

The essays contained in the volume before us are eight in 
number. They bear the following titles: I. On Stratification. 
IJ. On the Figure of the Earth. IJ. On the Equalities which 
existed on the Surface of the Earth previous to diluvian Action, 
and on the Causes of these Inequalities. IV. On Formations. 
V. On the Order of Succession in Rocks. WI. On the Proper- 
ties of Rocks as connected with their respective Ages. VII. On 
the History of Strata as deduced from their Fossil Contents. 
VIII. On Mineral Veins. I shall endeavour to lay before the 
reader a view of the author’s opinions upon each of the subjects 
of these essays. 

I. On Stratification. 

The science of geology has been prosecuted in a way very 
different from the other sciences; but exceedingly analo- 
gous to the mode followed by the schoolmen in what they 
were pleased to consider as physical investigations. The result 
has been nearly the same. Every topic is a subject of con- 
troversy. Geological writings have multiplied exceedingly; 
yet it is doubtful if the science has made a corresponding pro- 
ress. The object of geologists has hitherto been to account 
or the structure of the earth, and to explain by physical causes 
how it has assumed the form which we find it to possess. 

With respect to the original and present structure of the earth, 
there appear to be two points about which no reasonable doubts 
can be entertained, 1, That the earth must have been origi-. 
nally in a fluid state. 2. That its mean specific gravity is about. 
five times greater than that of water. 

The first of these points is inferred from the figure of the 
earth ; which is absolutely or nearly that which would have 

| 
| 

i 
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resulted from the rotation of a liquid globe round its axis with a 
velocity equal to that of the earth. This was demonstrated by 
Sir Isaac Newton, and has been amply confirmed by the subse- 
quent labours of mathematicians and astronomers. The specific 
gravity of the earth may be considered as determined by the 
experiments of Maskelyne, and the subsequent calculations of 
Dr. Hutton and Mr. Playfair, and the delicate experiments of 
Mr. Cavendish, upon which I am disposed to place the greatest 
reliance. Now as the mean specific gravity of the crust of the 
earth cannot easily be rated higher than 2-5, it follows as a 
consequence that the specific gravity of the central parts of the 
globe must be much greater than 5. It must, therefore, be 
composed of solid matter of a metallic nature. 

With respect to the nature of the-fluid matter which consti- 
tuted the orginal globe of the earth, the conjectures of geologists 
have been various and contradictory. The imagination, unre- 
strained by the present state of things and the present laws of 
matter, has been set at complete liberty to wander amidst a 
chaos of its own creation— 

a dark 
Illimitable ocean, without bound, 
Without dimension, where length, breadth, and heighth, 
And time, and place, are lost. 

Bertrand was of opinion that the earth consisted originally of 
pure water, and that by the plastic power of nature, this water 
was gradually converted into the various earths and metallic 
bodies of which the globe is at present composed. This opinion, 
compared with which the reveries of the alchymists were modest 
and plausible, was advanced at the end of the eighteenth century, 
and by a man who considered himself as profoundly skilled in 
all the physical discoveries that preceded him. Some circum- 
stances lead me to suspect that an opinion not very dissimilar 
was embraced by Werner, or at least by some of the most 
eminent of his pupils. They nowhere indeed state it in express 
terms, but they talk of the gradual diminution of water; and I 
have been told by some of them, that this liquid would ultimately 
fail altogether ; or that there was a slow change of this globe 
from a state of liquidity to a state of solidity—a change which 
had been going on from the origin of things, and was still in 
progress. This I consider as tantamount to Bertrand’s notion, 
that the primordial state ofthe globe was pure water. 

But the most general opinion entertained by geologists is, 
that all the substances which at present exist in the globe con- 
stituted a part of it from the beginning ; but that they were at 
first in a liquid state, and gradually deposited from the watery 
portion, which still retains its liquidity, partly by crystallization, 
and partly mechanically. 

From the phenomena of crystallization duly witnessed in the 
manufactories of the different salts, it is obvious that when solids 
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are deposited from a liquid in the state of crystals, they do not 
assume the form which we find in the clay or the sand which is 
accumulated at the bottom of ponds, and to which the name of 
strata or beds has been given. In these we find a layer, for 
example, of clay, of a certain definite thickness, the top and 
bottom of which consist of planes nearly parallel, covering the 
bottom of the pond. This is followed by a layer of sand, of 
similar dimensions. Then comes a layer of clay, and then 
another of sand, and these alternations continue to be repeated 
fora greater or smaller number of times according to circum- 
stances. 
Now all rocks are either stratified or not stratified, and a 

great diversity of opinion exists among geologists whether 
certain rocks are to be considered as stratified or not. The 
origin of this difference and of the disputes on the subject, 
which still continue so numerous, is no doubt the different con- 
clusions deduced by geologists respecting the origin of certain 
rocks. Hutton and Playfair, who were of opinion that granite 
and greenstone had been fused by fire, and elevated in a melted 
state into the situations in which we now find them, could not 
admit the stratification of these rocks, because such an admis- 
sion would have been inconsistent with their opinions respecting 
the first principles of geology. It would seem at first sight that 
Werner and his pupils, who considered granite as deposited in 
crystals froma liquid, ought likewise to have denied. the 
existence of that rock in regular strata. This they probably 
would have done had they been sufficiently coriversant with the 
phenomena of chemistry ; but their ignorance of that science, 
and the contempt in which they were accustomed to hold it, 
together with their eagerness to refute the favourite doctrines of 
their antagonists, led them to adopt too inconsiderately the 
notion that granite is often stratified. But as the term stratifi- 
cation cannot be applied to the crystallized rocks in the same 
sense that it is applied to those that consist of mere mechanical 
mixtures cemented together, as sandstone and clay, we-find the 
most contradictory statements respecting the stratification of the 
very same granite rocks. Granite is stratified in the Reisenge- 
birge, says Gruber, Charpentier, Schubert, Deluc, Dr. Mitchell, 
and Prof. Jameson ; but Von Buch denies the stratification alto- 
gether. Schubert considers the Erzegebirge granite as strati- 
fied, Von Buch as unstratified. Deluc describes the granite of 
the Fichtelgebirge as stratified; but our author, who examined 
it with Messrs. Buckland and Conybeare, could perceive no 
traces of stratification. We find the same diversity of opinion 
with respect to the granite in the Alps and the Pyrenees. 
Indeed if we compare the stratification of Mont Blanc, which, 
according to Saussure, consists of only three or four vertical 
beds, with that of the coal strata in any part of Great Britain, it 
must be obvious that the term must have a different meaning in 
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the two cases. The same diversity of opinion exists with respect 
to the granite rocks in our own country. Prof. Jameson 
describes Goatfield as stratified, Prof. Playfair as unstratified. 
Prof. Playfair says, that Mount Sorrel is stratified, while Lord 
Webb Seymour affirms that it is unstratified. ) 

The same diversity of opinion exists with respect to the stra- 
tification of sienite, porphyry, hornblende, greenstone, serpen- 
tine, transition limestone, siliceous slate, and greywacke. 

Our author endeavours to account for this diversity of opinion 
by the different ideas which different writers affix to the word, 
or by appearances from which they do not deduce the same 
conclusions. These are chiefly the following : 

1. Some rocks present external planes parallel to each other 5 
but are not subdivided by internal planes. I presume that the 
author means, that. m some cases when we survey the face of a 
rock, we observe lines parallel to each other at certain intervals, 
indicating at first sight that the rock is divided into different 

- layers or beds; but upon examining these lines, we find them 
to be merely superficial, and not the terminations) of planes 
penetrating through the body of the rocks, and dividing it mto 
different beds. When this occurs, as is sometimes the case, it 
is obvious that an observer may be easily so far misled as to 
ascribe stratification to rocks which do not possess it. 

2. Parallel internal planes are not always coextensive with the 
rock in which they occur; that is to say, when we survey the 
face of a rock, we sometimes observe parallel lines, which are 
the terminations of planes dividing the rock into layers; but 
these planes do not penetrate through the whole rocks, but 
terminate at unequal distances from the exposed surface; so 
that the rock appears partly stratified, partly unstratified... In 
such a case, the stratification must be illusory. iS 

3. Parallel planes are sometimes too distant from each other, 
and sometimes too near each other, to give the rock in which 
they occur an undisputed claim to stratification. This obvious! 

- depends upon the meaning affixed to the term stratification. If 
it signifies deposition from a liquid, the restriction is correct- 
When it is said that Mont Blanc consists of three vertical beds 
of granite, it must be obvious that these beds could never have 
been mechanically deposited from the sea. In the same way, 
though mica-slate and clay-slate are composed of flakes lying 
above each other, yet this slaty structure is not of itself suffi- 
cient to demonstrate that these rocks were mechanically depo- 
sited from the sea. 

4. Two or more sets of parallel planes sometimes occur in the 
same rock, so as to meet perpendicularly or obliquely. This 
appearance, as far as I have observed it, occurs in limestone and 
gypsum, and seems to depend upon crystallization. 

5. In rocks that have the appearance of deposition, the planes 
of the strata are not always parallel. We should expect this to 

Vou. XIV. N° IV. U 
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be the case when matter is deposited upon an inclined plane. 
The bed ought to be thickest at the bottom, and thinnest at the 
summit of the inclined plane on which it is deposited. This 
sometimes happens, and indicates obviously the cause from 
which it results. 

6. The thickness of masses often varies considerably in differ- 
ent parts of their course. This is well known to be the case 
with the coal beds. 

7. The term stratification is connected with theory. Many 
persons think that rocks are not stratified unless they have been 
deposited from a fluid menstruum. They conceive that the strata 
are produced by depositions alternately suspended and renewed. 
But our author considers it as certain that this is not always the 
case for the following reasons : 

(1.) Parallelism of surface may be produced by other causes, 
as in basalt, tabular flint, &c. 

(2.) The recurrence of parallel planes depends upon the 
substances deposited. Granite, porphyry, trap, salt, chalk, are 
always in thick masses; argillite in flakes; sandstone and oolite 
in beds. 

(3.) The larger divisions of rocks are frequently not parallel 
to the lamine of which these rocks are composed. 

(4.)- Way-boards depend upon the nature of the rock: stony 
beds have them; while sand-clays, loams, &c. are destitute of them. 

(5.) At the junction of two kinds of rock, as greywacke slate 
and limestone, we find that each is impregnated with the sub- 
stance of the other. , | 

(6.) The contemporaneous veins of one stratum sometimes | 
extend themselves into the adjoining stratum. 

(7.) Decomposition or torrefaction often expose to view stra- 
tification which was before latent. 

(8.) Depositions which go on uninterruptedly in our laborato- 
ries frequently arrange themselves in distinct layers. 

These reasons in order to produce conviction would require to 
be much more developed than the author has thought requisite. ’ 
Indeed I must acknowledge that I do not perceive the force of 
some of them, nor the truth of others. I should like to know, 
for example, what uninterrupted depositions in chemical labora- 
tories take place in distinct layers. I am not aware of any 
example of this in crystallizations. Mechanical deposits doubt- 
less arrange themselves in layers when they differ considerably 
in their specific gravities ; but such depositions are not entitled 
to the name of chemical. They are entirely owing to the action 
of gravity, and accordingly follow the order of their specific 
gravity. Geologists have not attended sufficiently to the differ- 
ence between crystallization and mechanical deposition. When 
the Wernerians say that granite is stratified, and at the same 
time that it was separated from a fluid by crystallization, I am 
of opinion that they are guilty of a contradiction in terms. 
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Attention to this distinction will enable us likewise to appreciate 
_ the value of some late notions that have emanated from the same 
school, as that sandstone, traff-tuff, greywacke, &c. are chemical 
deposits. 
Mmoat every kind of rock occurs both in a horizontal and a 

vertical position. Now it has been very much agitated among 
geologists, whether the vertical position of rocks was original, 
or the consequence of some catastrophe subsequent to their 
creation. Our author states the arguments on both sides with 
much coolness and candour. The arguments to show that the 
strata were originally horizontal are as follows : 

1. In some cases we observe the same strata on the one side 
of a fault horizontal, while on the other side they are inclined. 
Now in such cases it is infinitely probable that both were origin- 
ally horizontal, and that this position was deranged on the one 
side by the fault. This argument, therefore, is conclusive as far 
as it goes. 

2. From the nature of the materials of which they are com- 
posed, some strata, though at present vertical, must have been 
originally horizontal. Thus it is impossible to suppose that the 
vertical strata of loose sand that occur at Alum Bay were 
originally deposited in that state. 

3. Inclined strata have sometimes the undulations on their 
surface, which we meet with on a sandy beach. 

4. If the preceding arguments be admitted as conclusive, we 
must go a step further ; for these beds are often so connected 
with others below them that we cannot say where the series ends. 

These arguments seem sufficient to prove, that there are some 
beds at present vertical or inclined that were originally horizon- 
tal; but I do not see how they give any countenance to the 
notion that all vertical beds were originally horizontal. 

The arguments to show that the strata have remained unal- 
tered are the following : 

1. It appears from veins that the particles of matter may 
ane themselves in beds highly inclined to the horizon. 

2, Inclined strata are often unaccompanied by marks of vio- 
lence, and exhibit the greatestregularity both in formand direction. 

3. Vertical orinclined strata are often mantle shaped. 
4, The rocks on the two sides of a mountain chain, as the 

Alps, are often different. 
5. The irregularities in the strata seem to warrant that they 

are in their original position. Thus at Malvern the inclination 
of the sandstone diminishes as it recedes from the hill, and then 
increases. To this succeed strata of limestone, the inclination 
of which becomes more and more considerable. F 
6. Secondary rocks are generally inclined at their junction 

with primary 
7. The secondary yocks are often unconformable to the 

primary rocks on which they rest. 
v2 
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If beds were originally horizontal, and afterwards shifted, the 
supposible causes of this shift are: 1. An internal force acting 
from below upwards so as to raise the crust of the globe. 2.A 
want of support, owing to internal cavities, so that the beds have 
fallen by their own gravity. 3. An external shock, which has 
broken the shell, and made one part tumble over another. . 
Dolomieu was inclined to the last of these opinions ; but if the 
Anclination be original, to what circumstances can we ascribe it ? 
The following are the explanations that have been attempted : 

1, Hutchinson ascribes the inclination of slate to the shape of 
the component particles. 

2. Many authors ascribe the inclination of the strata to the 
Anequality of the base on which they were deposited. 

3. Werner considered the primary rocks to be crystalline and 
stratified; the transition rocks to be partly crystalline, partly 
-mechanical ; and the secondary as mechanical. 

There are many beds of rocks which are subject to. curvature 
_and angularity. Gneiss, mica slate, chlorite slate, clay slate, old 
.red sandstone, calp, limestone, and alluvial sand, may be men- 
tioned as well-known examples. 

These curves are sometimes exceedingly large, sometimes 
exceedingly small; and very often they constitute curves of 
double curvature. These curves have been ascribed to the 
following causes : 

1. To the strata being lifted while flexible and ductile. But 
this explanation cannot be admitted, because curved strata often 
lie upon horizontal strata. 

2. To crystallization. But the curvature of contiguous strata 
composed of different materials seems fatal to this opinion. 

Our author thinks that the curvature of strata is owing to 
three different causes. 1. To the unequal effects produced by 
temperature on the materials. 2. To the motion of the fluid 
from which they were deposited. 3. To the shape of the ground 
on which they were deposited. 

Mr. Greenough terminates this essay as follows : 
“To conclude, then, let me ask, where a rock is stratified ; 

is it necessarily bounded by parallel surfaces? If so, let us hear 
no more of mantle-shaped, saddle-shaped, shield-shaped, fan- 
shaped, basin-shaped, trough-shaped stratification. 

« Are its surfaces necessarily parallel to those of the adjoining 
rock? If so, let us hear no more of unconformable and over- 
lying stratification. 

“« Is it sufficient that parallelism shall be found in a portion of — 
the rock? Let us never hear of substances being unstratified. © 
Or must it extend through the entire mass? Let us hear no more 
of strata. ; 

“« The lamine of flagstone, the folia of slate, are these strata? 
Are lamine, 400 yards thick, strata? Is there any assignable 
limit to their thickness or tenuity ? ' 
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“* When one set of parallel planes crosses another, are both sets 
to be called strata, or neither, or only one of them-? If one only, 
by what rule are we to be guided in distinguishing the real from 
the counterfeit ? | 

“« Must the beds be so arranged as to convey to the observer 
the idea of deposition alternately suspended and renewed? If 
this is not necessary, how is the parallelism derived from strati- 
fication to be distinguished from parallelism resulting from other 
causes? and of what use is it to know whether a substance is 
stratified or not? If it is necessary, where two observers have 
imbibed contrary impressions, how shall we determine which of 
the two is right? ; 

~* Let him who can answer these questions rest assured that 
he has a distinct idea of stratification.” 

(To be continued.) 

ARTICLE XII. 

SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I. Death of Mr. Watt. 

James Watt, Esq. the celebrated improver of the steam-engine, — 
died at his house at Heathfield, near Birmingham, on Aug. 25, 
in the 84th year of his age. He had complained of indisposition 
during his usual summer visit to London. This was attributed 
to the effects of an inveterate cough, but he did not lay aside 
his intention of making an excursion to Scotland. Some time 
after, he was seized with an affection of the liver, from which he 
partly reccvered ; but the nausea and indigestion could not be 
wholly removed ; and nature at his advanced age proved unequal 
to the struggle. He himself seems to have been aware from the 
first of the fatal tendency of his complaints; but he looked to 
the event with calm tranquillity, and retained possession of his 
faculties to within a few hours of his death. 
We trust to have it in our power very soon to lay a biographi- 

cal account of this great ornament of our age before our readers. 
In the meanwhile, we shall close the present article with the 
following paragraph, copied from the Birmingham Gazette of 
Aug. 30, 1819: 

“ By the death of this truly great man our country is deprived 
of one of its most illustrious ornaments. Mr. Watt may justly 
be placed at the very head of those philosophers who have 
improved the condition of mankind by the application of science 
to the practical purposes of life. His steam-engine is probabl 
the most perfect production of physical and mechanical skill 
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which the world has yet seen; while in the variety, extent, and 
importance of its applications, it certainly far transcends every 
similar invention. So great was the activity and power of his 
mind, that he not only embraced the whole compass of science, 
but was deeply learned in many departments of literature: and 
such was the felicity of his memory, that it retained, without 
effort, all that was confided to it. He was still more distinguished, 
not only by that highest prerogative of genius, promptness and 
fertility of invention, but also by its rare and happy union with a 
calm and sagacious judgment, regulated and matured by those 
habits of patient attention and investigation, without which no 
tay production of human art was ever carried to perfection. 

is manners were marked by the simplicity which generally 
characterizes exalted merit; he was perfectly free from parade 
and affectation ; and though he could not be unconscious either 
of the eminent rank he held among men of science, or of those 
powers of mind by which he had attained it, yet his character 
was not debased by the slightest taint of vanity or pride. He 
had for many years retired from business, but his mind continued 
actively employed on scientific improvements. He perfected an 
apparatus for the medical application of factitious airs ; and the 
amusement of his latter days was the contrivance of a machine 
for imitating and multiplying statuary, which he brought toa 
considerable state of perfection. Happy in his domestic con- 
nexions, in the complete enjoyment of his extraordinary intellect, 
ferpected. and beloved by the wise and good of every country ; 
and having attained the great age of 84 years, his useful and 
honourable life was terminated, after an illness of short dura- 
tion, rather of debility than of pain, by an easy and tranquil 
death. 

“Mr. Watt was elected a Fellow of the Royal Society of Edin- 
burgh in 1784 ; of the Royal Society of London in 1785; anda 
Member of the Batavian Society in 1787. In 1806, the honorary 
degree of Doctor of Laws was conferred upon him by the spon- 
taneous and unanimous vote of the Senate of the University of 
Glasgow ; and in 1808 he was elected a Member of the National 
Institute of France.” 

Il. Professor Playfair. 

Jn the number of the Annals of Philosophy for August last, 
there was inserted a short notice of the death of this eminent 
scientific character, containing the very erroneous statement 
that he was the son of Dr. James Playfair, author of a System 
of Chronology, and ascribing to him the system of geography, 
known by the name of Playfair’s Geography. That notice was 
inserted without the knowledge of the editor, who had the 
honour of being personally acquainted both with Professor 
Playfair, of Edinburgh, and with Principal James Playfair, of 
St. Andrew’s, and would not have fallen into the mistakes 
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respecting them contained in the notice inserted in the August 
number of the Annals.* , 

Dr. James Playfair, Principal of St. Andrew’s College, and 
the author of the Chronology, and the Geography, was about 
10 years older than Prof. Playfair, of Edinburgh ; of whom he 
was a distant relation, a cousin, twice or three times removed. 
Mr. John Playfair, Professor of Natural Philosophy in the 
University of Edinburgh, was the son of the Minister of Liff in 
the carse of Goury. He succeeded him as clergyman of the 
same parish, when scarcely more than 22 years of age, and had 
the support of his mother, and brothers, and sisters, devolved 
upon him. He continued in the situation of a ag a about 
two years, when he was employed by the late Mr. Ferguson, of 
Reith, as tutor to his son, with an annuity, equivalent to his 
stipend as minister of Liff. In this situation he continued also 
about two years, when, chiefly by the influence of Prof, Dugald 
Stewart, he succeeded him as Professor of Mathematics in the 
University of Edinburgh. His first publication, so far as I know, 
was a paper on impossible quantities inserted in the Phil. Trans. 
for 1778. As he is there styled the Rev. John Playfair, a desig- 
nation which he dropped as soon as he left his living, I presume 
that when he wrote it he was minister of Liff. His wmitings, a 
few mathematical and biographical papers excepted, to be found 
in the Transactions of the Royal Society of Edimburgh, were 
chiefly controversial, partly on the Indian astronomy, and partly 
on the Huttonian theory. The very high reputation which he 
enjoyed was not owing to his writings, though they possessed . 

uncommon energy, and were distinguished by their arrange- 
ment and their clearness, nearly so much as to his powers of 
conversation, which were uncommonly great, and to his manners, 
which were polished and exceedingly engaging. He was awhig 
of the new school, and a very zealous politician. But his treat- 
ment of his mother and brethren, who were left dependant on 
him, and whom he supported with the utmost tenderness and 
generosity, even when he could not very well afford it, demon- 
strates, I think, the goodness of his heart, and the soundness of 
his principles at bottom. 

III. Method of rendering Glass less Brittle. 
An American gentleman has transmitted to the Editors of the 

Annales de Chimie et de Physique (vol. ix. p. 422), the follow- 
ing method of rendering glass capable of bearmg sudden changes 
of temperature without breaking. Let the glass vessel be put 
into a vessel of cold water, and let this water be heated boiling- 
hot, and then allowed to cool slowly of itself without taking out 
the glass. Glasses treated in this way may, while cold, be 
suddenly filled with boiling-hot water without any risk of their 

* It was incauticusly copied from one of the daily newspapers, and should have 
been confined to the simple statement of the Professor's |amented decease, resert=- 
tng a more detailed account of him for a future number.—PuscisnEr. 
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cracking. The gentleman who communicates the method says, 
that he has often cooled such glass to the temperature of 10°, 
and poured boiling water into them without experiencing any 
anconvenience from the suddenness of the change. : 

If the glasses are to be exposed to a higher temperature than 
that of boiling water, he proposes boiling them in oil. 

IV. On the different Quantities of Rain collected in Rain-Gauges 
at different Heights. By Mr. Meickle. 

(To Dr. Thomson.) 

SIR, 35, Berner’s-street, Aug. 25, 1819. 

In the Annals of Philosophy for August, I perceive a very 
superficial attempt to account for the difference observed in the 
results of rain-gauges placed at the top and bottom of a building. 
The author, M. Flaugergues, with the utmost certainty, ascribes 
it to the wind’s altering the general direction of the rain; and 
seems, with all due solemnity, to demonstrate, by means of a 
diagram too, that ‘“ the quantity of rain which enters the rain- 
gauge is proportional to the sine of the inclination of the rain.” 

This explanation is no doubt very satisfactory to that class of 
readers who rest all on authorities, and never think for them- 
selves. But the slightest reflection is sufficient to lay it aside 
altogether. It is easy to see, that the horizontal distance of the 
lines in which the rain falls is absolutely independent of their 
inclination, being accurately the same where the wind runs 
steadily 60 miles an hour, as if it were a perfect 
calm. By merely looking at the figure, it is plain 
that a gauge of the width, A B, will there receive 
the drops falling obliquely, just the same as after 
they become pérpendicular in the calm at C D.* 
“Such an explanation, therefore, as that of M. Flau- 

gergues, has no concern with the case under consi- 
deration. Nothing indeed can be more vague than ‘some 
conclusions which.he draws from his doctrine, respecting the 
proper position of arain-gauge. Were his opinion really correct, 
the quantity of rain which falls in any place would depend 
chiefly on the state of the wind. The very injudicious way in 
which he has drawn his diagram is sufficient to lead thousands 
into the same mistake. 

I can hardly pretend to give a complete solution of this well- 
known paradox ; but am disposed to think it is some way owing 
to the obstruction which the gauge itself offers to the wind. 
Perhaps the wind’s being made to rush with greater rapidity, 
and a little upward in beginning to pass over the mouth of the 
gauge, prevents the rain from falling into that part of it which is 
next the wind. <A sudden or abrupt increase of the wind’s 

“ In strictness, the drops fallin curves, but this is sufficient to show the truth of 
ahe above vbseryation, 
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velocity would certainly augment the horizontal distance of the 
lines in which the drops fall, although only whilst and where 
the velocity is increasing. Now we have reason to believe that 
such an increase does take place over the mouth of the gauge. 

I am, Sir, your most obedient servant, 
Henry MEIKLE 

V. Meteorological Observations at Cork. By T. Holt, Esq. 
(With a Plate. See XCVII.) 

(To Dr. Thomson.) 
SIR, : Cork, April 3, 1819. 

I rransmir you the meteorological scale and journal for 
Cork, for the first quarter of 1819; and am, Sir, 

With due respect, your obedient humble servant, 
Tuomas Hott, 

—_— 

REMARKS, 

JANUARY. 
Foggy morning; bright day. 
Fair; cloudy ; rainy night. 

« Cloudy ; high wind. 
Showery. 
Showery. 
Showery ; heavy rain; gale. 
Bright. 
Fair; heavy rain and wind. 
Showery ; rain. : 

10, Rainy ; windy. 
il. Showery. 
12. Dry; cloudy; breeze. 
13. Bright. 
14, Misty; dry; cloudy. 
15. Dry; cloudy. 
16, Misty; rain. 
17. Showery ; gale. 
18. Fair; showery. 
19. Ditto; ditto. 
20, 21, 22. Showery. 
23,24. Snow showers. 
25. Snow; heavy rain; hard frost. 
26. Frost; thick fog. 
27. Fair. 
28. Showery. 
29. Fair; showery. 
30. Showery. 
31, Bright. 

FEBRUARY, 
1. Fog; fair; rain. 
2. Fair; frost, 
3. Bright; showery. 

“4, Ditto; ditto; fog. 
5. Rain last night; fine day. 
6. Ditto; showery, 
7. Bright, : 

: . . 

OD = Gt bo tO 

9. Rainy. 
10. Bright; breeze. 
11,12. Fair; occasional showers. 
13. Bright. 
14, Misty. 
15. Rainy. 
16. Showery. 
17. Bright; occasional showers. 
18, Rainy; heavy showers. 
19. Rainy night; occasional showers. 
20. Frost; rainy. 
21, Fair; showers; gale. 
22. Frost; fair; misty evening. 
23. Showery. 
24. Bright; light showers; gale. 
25. Bright; misty evening. 
26, 27. Bright ; occasional showers.* 
28. Bright. 

| 8. Fine; showery. 

i 

MARCH. 

1. Bright; breeze. 
2. Snow; frost; fair. 
3. Frost; fair; light snow showers. 
4,5, 6. Bright; breeze. 
7,8. Dry; cloudy. 
9, 10, 11, 12,13, 14. Bright days. 

15, Rainy morning ; fine. 
16. Fine ; occasional showers, 
17. Bright. 
18. Cloudy; showers. 
19,20. Gale; fine; showers. 
21. Misty; bright. 
22, 23, 24, 25, 26, 27. Bright; occa- 

sional showers. 
28. Rainy. 
29,30. Fair; showers. 
31. Showery. 

* Feb, 21, about five, p.m, five columns of cloud, resembling water-spouts, but 
connected laterally, appeared in the SE, apparently about three miles from Cork, 
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RAIN. 

1819, Inches, 1819, | Inches, 1819. Inches. 

Jan. 3 0-124. Feb. 1 0°318 Mar. 2 0°150 
4 0°630 3 0-030 15 0:036 
5 0°372 4 0°138 16 0-018 
6 0°390 5| 0048 18 0-024 
8 0:420 6) 0-042 20 0-042 
9}° 0906 9) 0°078 27 0:348 

10 0°234 19) 0°408 28 0-416 
1] 0-180 15) . 0-702 30 0-414 
16 0-030 17 0:228 31 0:066 
17 0°145 18) 0°348 —___. 18 0-230 20! 0°210 1-514 
22 0-300 23) 0072 2°832 
25 1-372 97) 0-210 6-025 
28 0-030 et RE ——— 
29 0:078 2-832 10°371 
30 0-084 

eae ie | 

6-025 | | CRE ewe Iai dcr Plats: nasa aa! Ae Nate A | 

VI. Scientific Establishments in Ireland. 
It is with great satisfaction we notice the successful exertions 

which are made, even in the provincial cities of Ireland, to culti- 
vate intellect, and advance and diffuse knowledge. For these 
purposes, there have been already created in Cork three public 
establishments: a chartered institution, with library, lecturers, 
apparatus, laboratory, museum, botanic garden, Xc. &c.; also a 
public library, containing many thousand volumes in every 
department of literature, science, and the arts; but the esta- 
blishment which indicates more than either of these the 
increasing intellectual excellence of that city, is “The Cork 
Philosophical and Literary Society,” the members of which have 
frequent meetings for the purposes of reading and discussing the 
topics contained in essays written by some of their own body. 
The only subjects excluded are party-politics and religious con- 
troversy. It is evident that the Institution and the Library have 
sown the seed which is now bearing such luxuriant fruit in the 
Philosophical and Literary Society, the excellent papers of which, 
and the animated, interesting, and learned discussions they pro- 
duce, will be alike beneficial and honourable to the citizens of 
Cork, and soon to the people of Ireland. : 

VII. Volatility of Oxide of Lead. 
I am not certain whether chemists are aware of the great 

"volatility of the protoxide of lead. I tind that 1 can sublime it 
and extending to the E, The height included an angle of nearly 40° from the 
earth. The columns moved regularly but slowly to the N.E. when the close of evening prevented further observation, On inquiry, the following morning, of 
Some persons who lived in the direction of the cloud, I found it had been accom- 
panied with heavy rain, a rushing sound like a waterfall, and a grayish mist, 
which, however, soon passed off, 



1819.] Scientific Intelligence. 315 

in a common red heat. I had precipitated a carbonate of zinc, 

by dissolving common zine in muriatic acid, and mixing the 

neutral solution with carbonate of soda. To convert this car- 
bonate into oxide of zinc, I dried it in the open air, and then 
exposed it toa strong red heat in a platinum crucible covered 
with alid. When the process was at an end, I found the inside 
of the lid coated with a substance resembling massicot. By 
digesting the lid in dilute nitric acid, I dissolved off the subli- 
mate, and by evaporation obtained octahedral crystals of nitrate 

of lead. This unexpected fact induced me to visit a manufac- 
tory in Glasgow, where lead is reduced from galena, and after- 
wards converted into litharge. The volatilization of the lead in 
both processes was apparent ; and I found on inquiry, that the 

workmen were quite aware of it. I have been told, that when 
lead is converted into litharge, and the litharge again reduced 
into lead by the common method, that the loss sustained rather 
exceeds 10 per cent. 

VIII. Queries respecting the Velocipede. 

(To Dr. Thomson.) 
SIR, 

As your journal embraces mechanics. within the range of its 
notice, I am a little surprised that so curious and popular an 

invention as the Velocipede should have been hitherto over- 
looked. It is now about a year since I saw these whimsical 
machines in full action under the trees in the Jardin de Tivoli at 
Paris. I then anticipated the probability of their being converted 
to purposes of expedition; and accordingly on my return to 
England, a few months ago, I found them running everywhere 
throughout the kingdom. It is not because they are uncommon, 
therefore, that I now beg to call your attention to them; but it 

appears to me to be right that some account of the invention, 
with the improvements that have been made on it, should be 

registered in the contemporaneous: numbers of a permanent and 
respectable journal. I hope, therefore, that you, Sir, or some 
of your mechanical correspondents, will favour us with an 
accurate description and plate of the machine, together with 
some remarks on its powers, and the improvements of which it 

is capable, as well as in the mode of working it. I regret to 
understand that it has frequently produced hernia in those who 
have exercised themselves with it. I should think this extremely 
robable ; but it might be well that the fact were generally 
nown. I am, Sir, &c. 

T.L. D.. 
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satellite, 
11, Emersion of Jupiter’s first 
BALCMMLC owe csane sss ers aie «15 

27. Emersion of Jupiter's first 
BRCCIMILG 4). siisnyeih oieivigpiaed «i 

Magnetical Observations, 1819. 

fe) 

ArticLe XIII. 

Astronomical, Magnetical, and Meteorological Observations. 
By Col. Beaufoy, F.R.S. 

Bushey Heath, near Stanmore. 
Latitude 51° 37/42" North. 

Astronomical Observations. 
Aug. 10, Emersion of Jupiter’s second 

Sere ee ewer eee eere 

Longitude West in time 1/ 20-7”, 

A3 
58 
19 
40 
ol 

Col. Beaufoy’s Astronomical, Magnetical, [Ocr. 

38’ 22” Mean Time at Bushey. 
Mean Time at Greenwich. 
Mean Time at Bushey. 
Mean Time at Greenwich, 
Mean Time at Bushey. 
Mean Time at Greenwich. 

— Variation West. 

Morning Obsery, 
Month, 

Hour. | Variation. 

Aug. 1] 8h 40’| 24° 32’ O4” 
2} 8 40] 24 S31 31 
3} 8 40 | 24 32 44 
41 8 40| 24 34 Ol 
5| 8 45 | 24 33 53 
6| 8 40/24 34 10 
v4 8. Sa)|\24-° 32° 42 

‘ 8} 8 40/24 3 927 
Oi 8 1 BS) "41 Bly, AG 

10} 8 45] 24 32 07 
11); § 85 | 24 32 14 
12| 8 45 | 94° 32 40 
13} 8 385.) 24 34 03 

14| 8 35 | 24 32 36 
15| 8 35 | 24 32 55 
16; 8 35] 24 33 Ag 
17| 8 380) 24 381 36 

18; 8 35 | 24 32 08 
19} 8 45 | 24 33 52 
20) 8 40} 24 33 09 
21; 8 35 | 24 32 44 
22} 8 40| 24 33 31 
231 8 35 | 24° 31 15 
24; 8 40/24 30 02 
25| 8 40 | 24 Al. 37 
26) 8 30/24 34 O07 
27; 8 40| 84 33 27 
281 8 30/24 40 13 

29; 8 40 | 24 30 09 
30! 8 40 | 24 31 98 
31} 8 30 | 24 31 54 

—____ 

Month. 
Mean for bs 38 | 24 $2 33 

| 

Noon Obsery. 

Hour. 

- 

1k 40’ 

Variation. 

24° 41! 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

42 
45 
Ad 
43 
42 
42 
A2 
44 
44 
42 
43 
AQ 

31” 
04 
30 
34 
38 
20 
36 | 
27 
15 
16 
26 
36 
33 
24 
57 
03 

18 
42 
05 
40 
45 
53 
58 
57 
27 
18 
18 
35 

A2 

24 42 49 

Evening Obsery. 

Hour. 

| aa | Say aed oo orcuces | ad fe eee aa | AAQA 

7 

Variation. 

24° 34’ 38” 

24 
24 
24 
24 

24 
24 
24 

24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

24 
24 

34 
34 
35 
34 

34 
34 
34 

35 

35 

33 
33 
34 
34 
34 
34 
3t 
31 
33 
33 

34 
33 

48 
39 

05 
19 
23 
15 
16 
25 
49 
50 
44 
40 

52 
42 

24 34 24 

In taking the mean of the observations in the morning, those 
on the 25th and 28th are rejected, being so much in excess, and 
or which there was no apparent cause. 



1819.] and Meteorological Observations. 317 

Meteorological Observations. 

Month. | Time, | Barom. | Ther.| Hyg. | Wind.  |Velocity. ‘Weather Six'’s. 

Cn ae Inches. Feet. 
Morn....| 29-579 659 | 59° | NE by N Cloudy 604 

13 Noon... .} 90°584 80 36 Var. Fine 81g 
Even ....{ 29°584 63 NE Fine 512 
Morn,,..| 29°543 60 NE Cloudy t 2 

2 2\Noon,...}| 29°533 67 NE Cloudy 10 
Even....)  — — —_ _ 55. 
Morn....| 29°467 | 60 NNW Fine ‘ 3 

32 |Noon....| 29°467 67 NNW Fine 69 
Even....| 29°452 63 N Cloudy 58 
Morn....| 29°437 | 60 N Cloudy ‘ 

42 |Noon....| 29°453 | 65 NNW Cloudy |° 69 
Even ....) 29°453 63 NbyE Fine 59 
Morn,...| 29-479 | 60 N by W Drizzle ‘ 

2 Noon....| 29°506 | 64 N by W Cloudy 67 
Even ....| 29°530 | 64 Calm Cloudy 59 
Morn,...| 29°560 | 62 SSW Cloudy : : 

6¢ |Noon....| 29°553 71 SW Cloudy 13 
Even ....| 29°500 65 WSWw Showery 60 
Morn,...| 29°558 65 WNW Fine ‘ 

nf Noon.... 29°558 73 Ww Fine TAZ 
Even....) — - — Fine pty 
Morn, ...| 29-629 61 NW Very fine ‘ 

sf Noon....| 29°652 | 70 NE by N Very fine} TI 
Even ....} 29°652 65 NW Very fine 591 
Morn,...| 29°695 | 66 NE byN Very fine ‘ wee 

94 |Noon....| 29-700 7A W by N Clondy 185 
\Even - 29-692 70 NNE Showery 59 
\Morn.. -..| 29°665 66 ESE Hazy fs 

104 |Noon....} 29-665 | 75 1D} Fine 15s 
Even ....| 29°648 64 E Very fine 55 
Morn....| 29°560 | 63 ESE Cloudy : i 

114 |Noon....| 29°539 | 73 SE Cloudy 74 
Even....| — — _ Fine BS 
Morn...-| 29°476 64 SE by S Foggy ‘ 

124 |Noon....| 29°490 72 Var. Fine 754 
Even....| 29°488 67 Wwsw Cloudy 60 
Morn....| 29°485 65 SW Fine ‘ 

134 \Noon....} 29-490 | 68 SW Sm. rain | 712 
Even... _ = SW Rain 58 
Morn... .| 29°590 62 N Cloudy : 

144 |Noon....| 29°600 | 71 N Cloudy | 712 
Even....)  — = — _— 57 
Morn,...| 29°658 | 64 N Very fine ‘ 

154 |Noon....| 29°660 | 72 NW Fine 15 
Eyen....{ 29°690 | 69 Calm Cloudy 614 
Morn....| 29°768 | 66 N Fine : + 

164 |Noon,...| 29°778 | 74 NW Fine Taz 
Even. _ _ — — 59 
Morn... .| 29°820 66 NE Very fine t 

_ 114 |Noon....) — _ — Very fine] 784 
XLjEven..... i— = — Very fine)? go 

Morn....| 29°572 63 NE Cloudy ‘ 
184 |Noon....] 29°880 } 71 NE Fine 13 

Even....| 29°882 64 NE Cloudy 
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Meteorological Observations continued. 

Barom. | Ther.| Hyg.} Wind. |Velocity.|Weather.|Six’s. 

Inches, Feet. 
.| 29-803 62° ENE Smt. rain} 56° 
«| 29°785 70 NE Cloudy 12 
| 29°T57 66 NE Fine 58 
| 29:°T5T 62 NE by B Cloudy ¢ 

--.| 29°%65 68 NE Cloudy 70k 
29:765 65 NE Cloudy BT 
29°783 | 61 NE Cloudy ‘ 

| 29-772 | 71 NE Fine 13k 
-| 29°755 66 NE Very fine 59 
+| 29°719 61 NE Cloudy ‘ 

..| 29-720 | 70 NE Cloudy |" 73 
-<-| 29°692 65 NE Clear 59 

--| 29°690 | 64 NE by N Very fine : 5 
| 29-681 16 E Very fine) 774 

.+| 29°669 68 E Clear 5 
.. 1 29°633 | 65 | 65°} NNE Clear : 3 
«+ -| 29°623 7A 44 ENE Very fine] 771 
«| 29-582 69 49 Eby S . |Fine 2 
..| 29530 | 63 | 70 | NNE Fine ‘ 583 
| 29°529 |) 75 i AT NE Fine 174 

| 29°55T 67 55 NE Fine 582 
.| 29612 | 63 | 70 | NNE Cloudy ‘ z 

-+| 29°635 70 51 NE Fine qT 
---| 29°631 64 5T Calm Cloudy 

.| 29-625 | 62 | 65 | NbyE Fine ‘ 5T 
..| 29-624 | 71 | 53 NNE Cloudy | 73 
++} 29°600 65 60 NNE Cloudy 

.| 29-508 | 62 | 70 | ENE Cloudy ‘ 59 
29-484 | 72 | 55 SE Cloudy | 72} 

29-248 | 62 | 70 SSW Cloudy ‘ at 
++} 29°205 | 0 52 SW Fine 10 

-| 29°160 63 59 SSW Very fine 562 
++} 28953 66 69 s Showery ‘ 2 

+| 28°810 —_ 78 SSW Rain 67 
--| 28°100 | 58 80 SSW Showery 

‘| 28-859 | 55 | 64 Ww Fine ie 
..| 28888 | 6L | 51 | Wbys 

— | — 

Fine 61 

At three o’clock in the afternoon of the 3d, a violent thunder 
storm commenced; and in the space of rather more than an 
hour and a half, 1-81 inch of rain fell. Rain, by the pluviameter, 
between noon the Ist of August and noon the Ist of September, 
2°52 inches. Evaporation during the same period, 4°72 inches. 

a 

ERRATUM. 

In the note to p. 185o0f the last number of the Annals, for fore read foot. 
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Ajit XIV. 

METEOROLOGICAL TABLE. 

a 

| Baromerer.| THERMOMETER, Hyer. at 

1819. Wind. | Max.| Min.| Max. | Min. | Evap. |Rain.| 9 a.m. 

8th Mo. 

Aug. 1N — E/30:05/30:04| 86 53 — 
Q2N  £E'!30:04/29°97| 76 54 — 
3IN W/29:97|29:96| 71 57 —_ 
4N W/29:97|29'97| 71 58 39 
5.N W/30-02|29°97| 69 53 — 
6S  W/({30:03}80°:02| 80 59 = 
7,N  W{30'11/30°03| 81 50 32 
8.N W(30:15|30°11} 76 49 —_ 
QN W(30°15|30°13| 81 50 — 
10S  £E(30-13/30°05| 79 46 39 
1118 — E/30°05}29:99| so 49 — 
12) S_ |29:99|29:97| 83 60 — 
13] W_ |30°08\29°99| 78 58 — 
14|IN ‘W/130°12|30°08| 78 54 52 
15| N_ |30°20/30°12) 79 62 — 
16| N_ (|30°25/30°20| 79 58 — 
17; N_ |30°32/30°25} 83 60 48 
18} N_ (|30:32\30°27| 77 59 _— 
19} N_ |30°27/30°23| 76 58 ae 
20N  E/30°25/30°23} 75 55 — 
2Q1\IN  E/30°25|30°20} 79 | -59 47 

22 E\30°20/30°16| 78 54 pie 

23.N  E/30°16|30°11| 81 52 — 
24'N W/30'11|30:02] 84 | 50 49 
25N El30-0s\30-01| st | 56 | — 
26\N _E|30:08/30°08] 74 53 pa 
27|\N W/(|30'08/30'02} 75 53 39 
28'N W/{30°02/29'80} 80 51 — 

291 W_ |29°80|29°38} 78 54 = 
30\S  E)29°38/29°20| 73 50 — 
31, W_ |29°49|29:30] 67 43 52 

$0°32|29°20| 86 

The observations in each line of the table apply to a period of twenty-four 

hours,beginning at 9 A. M. on the day indicated in the first column, A dash 

denotes, that the result is included in the next following observation. 
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REMARKS, 

Eighth Month.—\. Sultry weather: a heavy thunder storm at three, p.m. from 

theeastward. 2—5. Fine.. 6. A few drops of rain in the afternoon.  %—25. Un- 

interrupted fine weather during this interval. 26—29. Chiefly cloudy weather 

30, Showery. 31. Showery: some hail in the afternoon. 

RESULTS. 

Winds: N,5; NE,8; SE, 3; 8, 1; SW,1; W,3; NW, 10. 

Barometer: Mean height ; 

For theWonth, 0.60... sche secacscsccesercneess« G0'OS! inches. 

For the lunar period (ending withthe third quarter) 30-020 

For 12 days, with the moon in south declination 

(ending with the Sth inst.). ...ssapeeeseeesede+e S005 
For 15 days, with the moon in north declination 

(ending with the 23d inst.) .......c.ceeeeeeeee. SOMDST 

Thermometer; Mean height 

For the.month, . git. side's Gia o- EURO deeds 1 OD.08> 

For 31 days with the sun in Leo.............+... 66°60 

Hygrometer: Mean for the month (the extremes are now placed at 

the foot of the column) ,..5.. espa eesneese cues OD 

Evaporation for the month..........eeccececesccceecres ChE: wade. ton. Anches, 

TRANS clersicinlafetpicieie'e pater Ste Gb eh wlelp Bus oivinAclecaree = debt tcrties telvie att we Mil REEL 

On the Ist of the month, after the thunderstorm, a splendid meteor was seen by 

several persons at Tottenham, passing from the SE towards the W, letting fall 

sparks during its progress: the time appears to have been about a quarter before 

ninein theevening. The prevailing modifications of cloud during this month were 

the Cumulus and Cirrus. The Cirrostratus was almost banished from the sky, and 
the Cumulostratus appeared but little, The sudden depression of the barometer 
near the end was followed by 0:35 in, of rain at Tottenham: and although the gale 
which attended it was very moderate here, the effects. were experienced in the 
north of England, and in Scotland, ina severe atorm, denominated indeed by the 
reporter a hurricane, by which several vessels were driven on shore on the coasts of 
Cumberland and Scotland, and some of them totally lost. It would be acceptable 
to know, through the medium of this journal, the direction and changes of the 
wind, and the degree of depression observed in any good barometer situated near 
the level of the sea on this occasion. 

Tottenham, Ninth Month, 18, 1819, 3 L. HOWARD... 
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ARTICLE I, 

On the Oxides and Salts of Mercury. _ By Mr. Donovan. 

(Concluded from p. 251.) 

11. Combination of the Sulphuric Acid with the Oxides of 
Mercury. 

39. I find that when strong sulphuric acid m any quantity is 
heated on mercury so gently that the metal barely effervesces, a 
white salt is speedily deposited, which is the real sulphate of 
mercury, containing no other than the black oxide. It dissolves 
very sparingly in sulphuric acid, whether hot or cold, and is 

- decomposed by water. 
40. en this sulphate is boiled in sulphuric acid, the acid is 

decomposed, the oxide takes up an additional portion of oxygen, 
and forms a white, crystalline, permanent salt, which contains no 
other than the red oxide, and is hence oxysulphate. 

4]. When sulphuric acid is violently boiled on any quantity of 
mercury, the metal is primarily brought to the state of black 
oxide, which may be detected in it; but the sulphate at this 
temperature, further decomposes the acid and forms oxysulphate. 
If the quantities be two of mercury to three of the strongest acid, 
the whole becomes oxysulphate ; but if the ratio of acid be less, 
there will be an admixture of sulphate. 

42. Berthollet forms the sas ee by boiling’ sulphuric acid 
diluted with its weight of water on mercury. In this case great 
caution is required ; for the acid does not act until it becomes 
more concentrated by boiling ; and during the progress of solu- 

Vou. ALV. Ne V, xX 
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tion, the concentration may become so great as to form oxysul- 
hate. 
Thus it appears that the result of the action of sulphuric acid 

on mercury does not depend on the relative quantities of these 
bodies, but on the force of affinity produced by the degree of 
temperature. 

43. When sulphate of mercury is decomposed by caustic 
alkaline solutions, a black powder is produced, which has been 
considered a subsulphate ; but it will be shown presently that: 
this is not the case. There is nevertheless a real subsulphate 
which has hitherto been overlooked, and of which a knowledge 
is essential to the right understanding of some of the salts. 

If black oxide be triturated with sulphuric acid (1090), its 
colour changes to gray, but it does not dissolve. Ifthis powder 
well edulcerated be boiled in distilled water, and the liquor 
filtered, a solution of nitrate of barytes will occasion in it a 
copious precipitate. This is the real subsulphate of mercury. 
When formed in the cold, its colour its gray : when digested in 
boiling water, it loses still more of its acid, and becomes green- 
ish-gray ; but cold dilute sulphuric acid mstantly restores its 

‘original colour by affording what it lost. Concentrated acid 
affords.it still more, and renders it white. Thus the subsulphate 
varies in its Composition. 

44, This salt may also be formed by mixing solution of nitrate 
of mercury with sulphate of soda; a white precipitate appears 
which is subsulphate, near the point of saturation. boiling 
water changes tls to greenish-gray, as in the former case. 

45. When mercury 1s dissolved by heat in its own weight of 
aulphuric acid, a saline mass is produced, which, when treated 
with boiling water, gives a fine yellow powder, often mistaken 
for Turbith mineral. It has this difference, however, that when 
decomposed by potash, a dark-brown powder is produced—-a 
fact inexplicable without a knowledge of the existence of subsul- 
phate of mercury. ‘This brown powder, which might be 
mistaken for a distinct oxide, is a mere mixture of the black and 
ved, arising from the subsulphate and suboxystilphate, which 
constituted the original yellow powder; and accordingly with 
mutiatic acid, it forms calomel and corrosive sublimate. Turbith 
mineral, which has been long exposed to light, affords a brown 
precipitate upon the same principle. 

46. Thus it appears that there are but two combinations of 
mereury with sulphuric acid, the sulphate and oxysulphate, with 
their subsaits ; and that all the other varieties are but mixtures 
of these. To ascertain the composition of the oxides existing in 
these salts, I decomposed a quantity of sulphate of mercury (39) 
by means of pure potash; the black powder was well washed, 
dried, and freed from metallic mercury by trituration. This 
oxide, when submitted to analysis in the manner alread 
described (13),-atiorded four per cent. of oxygen, which diifers- 
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from my former analysis of black oxide by only 0:04, and. was 
probably owing to my not having expelled the whole of the 
water. 

47. The oxysulphate (40), when precipitated by potash, 
afforded a yellow-coloured oxide, which agreed in its composi- 
tion with that of red oxide prepared by calcination, except in 
containing 0°25 of water. 

48. it has been conceived by some that these precipitates are not 
oxides, but subsalts. To ascertain how far this is true, | decom- 
posed some subsulphate of mercury (44) by means of potash. The 
precipitate was repeatedly washed with distilled water, and was 
afterwards boiled almost to dryness with muriatic acid, which 
would separate any sulphuric acid that had adhered to the 
oxide. It was then boiled with a little distilled water, and 
filtered. In this liquor, muriate of barytes gave a scarcely per- 
ceptible cloudiness. 

49. Some suboxysulphate was then decomposed by potash ; 
the precipitate was repeatedly washed with distilled water, and 
dissolved in as much muriatic acid as was barely sufficient. In 
this solution, muriate of barytes gave no greater cloudmess than 
in the former case. 

50. Hence, although these precipitates do retain a little of the 
acid, the quantity is so extremely minute that analysis scarcely 
detects it: and hence it is plain, that instead of subsalts, they 
should be considered oxides, as pure as the generality of sub- 
stances obtained by art. 

III. Combination of the Muriatic Acid with the Oxides of 
Mercury * 

Chemists have hitherto been acquainted with but two combi- 
nations of muriatic acid and mercury ; one with the black, and the 
other with the red oxide. J have found that the muriates fall 
within the general analogy of the mercurial salts, and that we 
can form the subsalts of those already known. 

51. When calomel is 20 or 30 times boiled in different por- 
tions of distilled water, it will be found to have become gray. If 
the waters be evaporated down, they will afford indications of 
muriatic acid. This is, therefore, submuriate of mercury -a 
name which in the pharmacopceias has been erroneously attri- 
buted to the real muriate of mercury. It is also found when 
calomel is boiled in muniatie acid (1175); when black oxide of 
mercury is triturated in the cold with muviatic acid ot the same 
specific gravity ; or when calomel in a thin stratum is exposed 
to the rays of the sun. “The best mode of obtaining it is by cold 
trituration, as above-mentioned. 

52. Although strong murtatic acid takes acid from calomel, 
yet very dilute muriatic acid gives an additional dose to submu- 

* As to the new doctrine of chlorine, I here neither adopt nor reject it, Louse 
the old terms, being more generally understood, 

x 2 
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riate. Hence, by trituration of black oxide of mercury with very 
weak acid, we obtain a muriate very near the point of saturation ; 
and by boiling very dark-coloured submuriate with dilute acid, 
the salt becomes nearly as white as calomel. 

53. When this gray submuriate is ree to heat in a sublim- 
ing apparatus, a quantity of acid forsakes one part, and unites 
with the other: hence calomel sublimes, the oxide forsaken by 
the acid is reduced, oxygen being evolved, and a large quantity 
of mercury volatilized ; but there is not a particle of oxymuriate 
formed. These changes exactly correspond with the constitu- 
tion of a subsalt. 

54. When solution of corrosive sublimate is boiled on red 
oxide of mercury, no change takes place at first, but after some 
time, the oxide suddenly becomes black. 

This black powder, after being well washed, will afford the 
red oxide unaltered, when acted on by pure potash. If dilute 
nitric acid be poured on the black powder, it instantly dissolves, 
and the solution will be copiously precipitated by nitrate of 
silver. From these facts, and from the union of the red oxide 
with muriatic acid in a neutral solution of oxymuriate of mercury, 
the black substance is evidentiy a suboxymuriate. 

This salt is scarcely soluble in water. However, if boiled in 
water, a little dissolves, which imparts a most disagreeable taste; 
the water, on cooling, deposits a small quantity of opaque 
crystalline grains, which are of a deep brown colour on account 
of the water which they contain. 

55. It now remains to ascertain the constitution of the oxides 
which constitute the bases of the muriates of mercury. The 
decomposition of calomel has been already amply considered. 
The following is the theory of some other circumstances atten- 
dant on that process, which could not be explained without a 
previous knowledge of the suboxymuriate. When a few drops 
of solution of potash are let fall on calomel, a brown colour is 
‘given to it. The alkalitakes up part of the acid, forming a sub- 
muriate, and reduces part of the oxide ; the oxygen passing to 
the submuriate, forms a certain portion of brown suboxymuriate. 
When a sufficiency of alkali is poured on, the submuriate and 
suboxymuriate are decomposed, giving rise to black and red 
oxide. This theory accounts for the different changes of colour 
during the process, which are otherwise inexplicable. 

56. The power which pure alkalies possess of partially reduc- 
ing the oxide contained in the protosalts of mercury, might, 
perhaps, leave it doubtful what is the exact degree of oxidation 
of the metal in calomel. I conceive it to be the black oxide, as 
commonly supposed, on the following accounts. When nitrate 
of mercury is decomposed by acetate or muriate of soda, there 
is no reason to. suppose any change in the oxidation of the 
metal: hence we conclude that calomel and acetate of mercury 
contain the same oxide. Now as the acetate is formed by 
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merely presenting distilled vinegar to the black oxide, we must 
infer this black oxide to be also the basis of calomel. Another 
reason is, that if a solution of black oxide in boiling distilled 
vinegar be mixed with common salt, calomel immediately forms. 
The analysis of this oxide has been already detailed. 

_ 57. The oxymuriate of mercury evidently contains the per- 
oxide ; for the fixed alkalies separate it unaltered, and the 
common red oxide, by simple solution in muriatic acid, affords 
oxymuriate. It appeared unnecessary, therefore, to ascertain its 
analysis by another trial. 

58. If a solution of corrosive sublimate be exposed to the 
action of light, I have found that some calomel is formed, and, 
therefore, the oxide afforded by potash will not be the pure red 
oxide. 

As to the oxides contained in the submuriate and suboxymu- 
riate, there can be no doubt of their constitution. 

59. The only remaining question on this part of the subject is, 
whether or not the precipitates obtained from the muriates 
of the two oxides be pure oxides or contain a portion of acid 
united to them. A solution of corrosive sublimate was precipi- 
tated with pure potash, the precipitate was well washed with 
distilled water, and dissolved in boiling dilute nitric acid very 

pure. To this solution was added solution of nitrate of silver ; 
but the transparency was not in the least impaired, even when 
cold. 

60. Calomel beg decomposed by potash im the same man- 
ner, and its oxide dissolved in boiling dilute nitric acid, there 
was no change whatever produced by nitrate of silver. Hence 
these precipitates are pure oxides. 

LV. Combination of the Acetic Acid with the Oxides of Mercury. 

61. If distilled vinegar be boiled on black oxide of mercury, 
a simple solution takes place, and the acetate is deposited 
abundantly, as the fluid cools; or if distilled vinegar be boiled 
in nitrate of mercury, it is decomposed, and acetate forms im 

‘abundance. 
62. If these crystals be separated, and triturated with a large 

quantity of water, they become yellow; and if the yellow crys- 
tals be boiled in water, they change to a blue grey powder. The 
same powder may be formed at once, by trituratmg black oxide 
with distilled vinegar. It is also slowly formed, when acetate of 
mercury is exposed to strong light. This salt, which has not 
hitherto been recognized, is subacetate of mercury. 

63. When this salt is boiled in water, crystals of acetate are 

formed-as the solution cools; for the subsalt is still further 

deprived of acid, and this, dissolving a portion of the subsalt, 

forms a quantity of the neutyal salt. The yellow crystals abover 
mentioned are the subsalt, nearer to the point of saturation thay 
the grey. men & 
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64. Th» oxacetate and suboxacetate are salts well known ; 
and from tue manner that these salts, as well as the two already 
mentioned, are formed, it is sufficiently evident that they contain 
no other oxides than the black and red. 

General Observations. 

Having now endeavoured to ascertain the composition of the 
two oxides of mercury, to enumerate the combination of the 
chief acids with the oxides, and to prove the identity of these 
oxides with those the composition of which had been previously 
discovered, it appears to me that there are no grounds for even 
supposing the existence of any other oxides than the black and 
red, or, what is the same thing, the yellow. In the progress of 
the inquiry, I have endeavoured to show, that in all the salts, 
the metal unites to the acid so as to produce a neutral and a 
subsalt with each oxide, the catalogue being completed by the 
subsulphate, submuriate, subacetate, and suboxymuriate. As 
to the supersalts of mercury, their existence has not been 
proved ; in no case does the excess of acid enter into the salt 
as an essential ingredient constituting part of a definite com- 
pound, and retained by an affinity of any considerable force. 
And beside this, the analogy of the definite salts, as the muriate, 
the oxymuriate, and the acetate, manifest no tendency to unite 
with an excess of acid. Fourcroy found that the excess of acid 
was easily washed away from supersulphate of mercury ; and the 
same might he applied to all the rest; for they may all be 
reduced to. the state of subsalts by mere washing. The super- 
salts can only exist in solution, and they should rather be consi- 
dered as solutions of the neutral salts in an excess of their own 
acid, which will again deposit these salts in a state of neutrality. 
Thus sulphate of soda crystallizes neutral in an excess of its own 
acid; but sulphate of potash in an excess of acid, will crystallize 
with this excess as often as we think proper, because that excess 
is retained by real affinity. The nitrate, sulphate, and acetate, 
will not dissolve in water of any temperature, unless there be 
an excess of acid: and if there be no such excess, one part of 
the salt supplies it, while a subsalt is deposited. This decompo- 
sition originates in the affinity of the water to acid, rather than 
of the salt to an excess of acid; for if the affinity of the water 
be previously satisfied by any other acid, the salt parts with 
very little ofits own. Thus a solution of nitrate of mercury may 
be poured into a large quantity of water without decomposition, 
if the latter be acidulated with distilled vinegar, although there 
is no decomposition effected by the vinegar on the nitrate in the 
cold. Ifwe attempt to saturate the excess of acid in a solution 
of nitrate of mercury, by an alkali, we fail; for every addition 
precipitates a subsalt, and yet a considerable excess of free acid 
1s found in, the solution to the last., It is, therefore, impossible 
to obtain a neutral mercurial salt while water is present ; and it 
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is on this account that, by double decomposition, the resulting 
mercurial salt is always below the point of saturation (44). 

Appendix, containing an Account of a new Mercurial Ointment. 

in an attempt, already detailed (11), to obtain black oxide of 
mercury, I found that 60 gr. of metal, after 40 hours’ trituration, 
afforded but 6 gr. of oxide. This fact, considered with the short 
time that is bestowed on the extinction of the mercury in the 
mercurial milis, excited my curiosity to examine the state of the 
mercury in that mercurial ointment which is used in the cure of 
the venereal disease, and of which the nature has been so much 
disputed. 

1 kept four ounces troy of mercurial ointment, prepared ina 
mill, about half a year before, at the temperature of 212°: it 
separated into two strata. When cold, the upper stratum was 
separated ; it was of a light-grey colour. The under stratum 
was exposed to 212° on blotting paper, which soaked the 
remaining lard. The very heavy residue was triturated with a 
little magnesia, and it almost instantly afforded a quantity of 
mercury weighing 495 gr.; mere trituration with magnesia af- 
forded 225 gr. additional. The earthy mass was put through a 
variety of processes which gave a quantity of globules, they may 
be rated at 60 gr. although | could not collect them all: a little 
oxide also appeared. Thus out of 960 gr. of mercury which the 
four ounces of ointment originally contained, there were reco- 
vered 770, which leaves 190 gr. the quantity of mercury appa- 
rently oxidized, or 474 toeach ounce. But the quantity 1s really 
yauch less. 

The grey ointment which constituted the upper stratum 
appearing to contain oxide of mercury in a state of chemical 
combination, and believing that the lower stratum being metallic 
mercury could have no effect on the animal economy, when 
introduced into the circulation, I conceived that the medicinal 
eflects of mercurial omtment must depend on the small quantity 
of oxide with which the fat is chemically combined. 1, there- 
fore, determined to try if this grey ointment would affect the 
human body in the same manner as the common mercurial 
ointment. {f provided three females whose situation required 
the use of mercury. Each rubbed in a drachm every night. 
One was atiected by the third rubbing, and the fourth put her 
unde: ptyalism. Another after rubbmg. three times was so 
salivated that she spit two quarts in the 24 hours ; and this in a 
less degree was kept up for 10 days. The third was not affected 
until she rubbed six times, and then not considerably. They 
‘were all at lengih recovered. 

Finding this cimtment so very active, I conceived that by 
forming a chemical combination between fat and oxide of mer- 
‘cury in very small quantity, the same result might be ob- 
taned, J, therefore, kept lard and black oxide of mercury-at 
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the temperature of about 350°, for two hours, continually stirring 
them. At the end of the process, it appeared that every ounce 
of lard had dissolved and united with 21 gr. of oxide. 

I tried the effects of this ointment on several persons, and 
found it to be as active as the common mercurial which contains 
almost twelve times more mercury. One drachm could be rub- 
bed in completely in from 6 to 10, or 15 minutes; while an 
equal quantity of common ointment will require 30 or 40 minutes. 
This to debilitated persons is a great advantage, the usual mode 
of friction being to such patients a most laborious undertaking. 
In but one or two cases, was any eruption produced on the part 
‘rubbed, and this was inconsiderable ; but in the common mode, 
the pustules are often so painful and numerous as to preclude the 
further continuance of friction, The use of the new ointment is 
extremely cleanly, the parts being left scarcely discoloured ; and 
this, when privacy is an object, is of great importance. The last 
advantage, and to the hospitals not an inconsiderable one, is the 
comparative cheapness of the new ointment: the common mer- 
curial ointment costs in Dublin from 4s, to 5s, a pound; the 
other can be prepared at an expense little above that of the lard. 

For the preparation of this ointment, it is essential that the 
lard be entirely free from salt; if not, calomel will be formed. 

The oxide may be prepared by decomposing calomel with 
solution of pure potash; or, which is cheaper, by pouring solu- 
tion of nitrate of mercury into caustic alkaline solution. 

Although the fat will scarcely dissolve more than 3 gr. of 
‘oxide to each drachm, the quantity of oxide may be more if 
necessary. The ointment that I employed was merely satu- 
rated. ‘The oxide should be first triturated with a little lard in 
the cold, to make the penetration complete. 

The degree of heat at which the combination is attempted is 
material. At212° the oxide and lard will not combine ; at 600° 
the oxide will be decomposed, aud mercury volatilized ; at 500° 
and 400°, the oxide is partially decomposed, some red oxide 
being formed, and mercury reduced. The best heat is between 
300° and 320°; it should be maintained at least an hour, and the 
ointment should be stirred till cold. 

An ointment composed of what has been called ash-coloured 
oxide of mercury mixed with lard was formerly in use ; but was 
found not to answer the purpose, The reason is plain. The 
oxide contained a mercurial salt, not soluble in fat; and the 
oxide was not combined, but mixed in the ojntment. 

Whether the cure effected by this ointment be permanent, 
experience alone can decide. I see no reason for the contrary 
opinion. It contains as much oxidized mercury, in a state of 
combination, as the common ointment; the metallic mercury in 
the latter being not only useless, but hurtful, by obstructing the 
absorbents, and thus retarding the entrance of the oxide into the cir- 
culation, and by exciting a diseased action in the surface rubbed. 
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This omtment has been used by many of the most eminent 

surgeons in Dublin, both in private and hospital practice. | It is 
at present under trial in some of the public institutions ; but the 
results, though favourable, I am not at yet at liberty to publish. 
In the Lock Hospital it has been extensively used, and is still 
under use. Such of the surgeons of that institution as have 
already tried it extensively enough to form a decided opinion, 
have favoured me with communications on the subject: these I 
think it necessary to make known. 

Mr. Johnston’s Letter. 

*«*MY DEAR SIR, Temple, Aug. 8, 1817.. 

“ T have complied with your desire of administering your new 
mercurial omtment for the purpose of ascertaining its advantages 
as a remedy in venereal affections ; and it is with much satisfac- 
tion I have to state that the result of several trials has fully 
confirmed your expectations. 

“Fight patients were selected from those under my care in the 
Westmoreland Lock Hospital, who had not used any mercury, 
and were put on a course of rubbings of this ointment. Every 
one of them was able to rub in a drachm of it, perfectly dry, in 
the short space of 15 minutes, and the succeeding rubbing 
seldom required more than 12 or 13 minutes. Even those in a 
weak state of health, from previous indisposition, experienced 
equal facility with the most robust, in eflecting this operation. 
It produced the characteristic effects of mercury on the system 
in general in a shorter period than I have observed to arise from 
the employment of an equal quantity of the common blue oint- 
ment.* In no case did the frictions with your ointment produce 
any cutaneous eruption of the parts to interrupt the continuance 
of its use, an effect which so often arises from the use of the old 
ointment, and which obliges the practitioner to change this mode 
of exhibiting mercury, perhaps greatly to the injury of his 
patient. 

“These are advantages which, in my opinion, give the new 
ointment a decided preference amongst the profession as an anti- 
venereal remedy, and render it a valuable addition to the articles 
of the materia medica. 1 regret that circumstances have obliged 
me to be so brief, but for particulars I refer you to the inclosed 
cases. “ With every sentiment of regard, 

“Tam, my dear Sir, yours, most sincerely, 
“ To M. Donovan, &c.” ‘““ ANDREW JOHNSTON.” 

? 

* This fact I also observed 3 and it has been remarked to me by surgeons, that 
the new ointment arrests the progress of the disease more speedily than the common, 
wing no doubt to the facility aud completeness of its absorption. —M. 1). 
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Mr. Roney’s Letter. 

* MY DEARSIR, AT, Great Dominick-street, Sept. 16, 1817. 

“In reply to your note of the 10th inst. requesting my opinion 
of the ointment which I have been for some weeks past using 
im my wards of the Westmoreland Lock Hospital, and also in 
private practice, 1 beg to say in direct answer to the three 
queries you have put to me, 

“ First, As to its facility in being rubbed in, 
«¢ Answer.—I have in almost all the cases found one drachm 

to be rubbed in in the space of 10 minutes, sometimes in 5, and 
never exceeding 15; in general eight minutes would be the: fair 
average. 

“ Secondly, As to its cleanliness. 
« Answer.—It leaves hitle, if any, appearance after its use. 

In private practice, this is of great importance. In two par- 
ticular and very delicate cases under my care the ointment 
has in this respect given the greatest satisfaction, it not having 
left any appearance on the patients’ linen, Kc. 

“Thirdly, Does it bring out an eruption. 
* Answer.—In no case has it brought out any, and I have put 

an entire ward in the Lock Hospital under its use. 
‘“‘ The above are the answers to your queries. From my public 

situations I have had opportunities of trying this valuable 
nuprovement in almost every stage of the venereal disease. The 
symptoms were in all cases relieved by it ; many discharged as 
cured ; and the others are in a state of progressive improvement. 
{ feel it my duty to say that sufficient time has not yet elapsed 
to ascertain the permanency of the cure ; but if it would not be 
considered premature, [ would give as my opmion, that this 
oimtment is as well calculated to remove the complaint as any 
ether preparation of mercury, and certainly possessing the 
above-mentioned advantages, which in my mind are calculated 
to recommend its most general use, and to make both the public 
and profession feel much indebted to you for its introduction. 

“ T remain, my dear Sir, with much esteem, 
“ Yours, very truly, 

“To M. Donovan, &c.” “Cusack Roney.” 

The Surgeon-General’s Letter. 

<¢ SIR, - Merrion-square, Sept. 1, 1817. 

“ { have the honour to transmit herewith an extract of a report 
from Stafi-~Otficer Assistant Shield, containing the result of the 
trials which have been made in the King’s Miltary Infirmary of 
the mercurial ointment procured from you. 

“ J have the honour to be, Sir, your obedient humble servant, 
“To M. Donovan, &c.” ._ © Partie CRAMPTON.” 
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«The new mercurial ointment has been tried in two cases of 
venereal ulceration of the tonsils, and one of chancre with bubo. 
In all, the symptoms yielded regularly, and the cure was effected 
in the usual time. In one case, the mouth became sore on the 
fifth day ; im the second, on the L6th day; in the third, there 
was no sensible affection of the mouth. In none of the cases 
was there any disturbance of the bowels. The advantages of 
the ointment, as observed in the three cases alluded to, were, 
that one drachm of it could be rubbed in effectually m about 12 
minutes ; that it brought out no pustular eruption on the parts to 
which it, was applied, and that it left no stain upon the skin, or 
upon the bed-clothes. (Signed) J. Suienp, 

“ King’s Military Infirmary, Phoenix Park.” 

ArTIcLE II. : 

Reply to Mr. Meikle on Centrifugal Force. 
By the Rev. Patrick Keith. 

(To Dr. Thomson.) 

SIR, Bethersden Vicarage, Kent, Sept. 13, 1819. 

Your correspondent Mr, Meikle, who has favoured us with 
an article on centrifugal force, and the upright growth of vege- 
tables, in your number for July last, condescends to make some 
brief remarks on my paper on Mr. Knight’s hypothesis, in your 
number for April preceding. 1 am represented as entertaining 
singular ideas of a centrifugal force produced by rapid circular 
motion. What I have said is, that “ the direction of the centri- 
fugal force in question must of necessity have been oblique, as 
being the simple effect of circular motion.” Perhaps I should 
have said a rotatory motion instead of a circular motion; and, 
perhaps, the term oblique is not sufficiently applicable. But itis 
plain that I am speaking merely of the centrifugal force, or 
acquired momentum, by which the wheel was now capable of 
throwing off a body from its circumference in the direction of a 
tangent, as will appear from my referring immediately after to the 
ossibility of a bean’s being thrown ott from the mm ; and will 

Mr. Meikle say that this was not a consequence of its rotatory 
motion! It was entirely so; and was a capability that no other 
motion could have communicated to it. For though the wheel 
(if otherwise moveable) had been pulled backwards, or forwards, 
or upwards, as quick as youplease, still it would have thrown ofino 
body that might have been lodged on its surface in the direction of 
atangent. Nor are my ideas ofthis force sosingularas Mr. Meikle 
has imagined. . For Mr. Knight represents the centrifugal force 
of sorted as bemg always in proportion to the velocity, and, 
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‘consequently, as being an effect of the rotatory motion. The 
same conclusion may be deduced from premises furnished even 
by Mr. Meikle. He maintains that the centrifugal force acts . 
directly from the centre. Be itso; and let me ask where was 
the force that acted directly from the centre before the com- 
mencement of the rotatory motion ? 

After all, 1 am not very sure that I have caught Mr. Meikle’s 
meaning on this point ; and it may be that I have been combat- 
ing a phantom. Ifso, my only fault is, my “ seeming to hold 
out that the centrifugal force acts in the direction of a tangent 
to the orbit, and not directly from the centre.” This is repre- 
sented as a notion absurdly and peculiarly my own, and treated 
with an attempt at merriment, as well as with an air of very 
profound knowledge. But I think I may fairly return the com- 
pliment, and contend that Mr. Meikle entertains notions on the 
same subject which seem to be peculiarly his own. 

His first peculiarity is his establishment of what he calls the 
well-known fact, “ that the centrifugal force acts directly from 
the centre,” and not in the direction of a tangent to the orbit 
which the moving body is describing. This he regards as being 
established by the simple experiment of whirling a sling around 
the head. But unless Mr. Meikle attaches some peculiar mean- 
ing to the term centrifugal force of which I am not aware, I 
cannot see how this experiment is any proof of the doctrine 
which he maintains. Is it not true that’a circular motion is 
produced by the joint action of two forces ; one, that would impel 
the body in a tangent to the orbit, if left to itself, called a centri- 
fugal force ; and another, that would attract it to the centre, if 
left to itself, called a centripetal force ? And is not this doctrine 
confirmed from the phenomena of projectiles? What will Mr. 
Meikle say of the centrifugal force of a cannon-ball that is dis- 
charged from the mouth of a cannon, placed either horizontally, 
or at any angle short of 90°. At all the different elevations of 
which it is thus capable, it has acquired a centrifugal force, and 
yet that force is in no one case directly from the centre of the 
earth. Does Mr. Meikle refuse to call the projectile impulse a 
eee force, or is there any other centrifugal force in the 
case ? 

But to return to Mr. Meikle’s own example. In consequence 
of the intervention of the sling that connects the stone and hand, 
and makes the latter seek the former as much as the former 
seeks the latter (as it is said), the centrifugal force seems no 
doubt to act directly from the centre, because the hand that 
twirls the sling is placed in it; though it is evident that the 
circular motion was communicated to the stone only by the ori- 
ginal swing that was given to the sling in the direction of the 
first swing of a pendulum, and so carried round by the living 
power of the hand, which, during the: experiment, must have 
been continually in action. This swing was the primary centri- 
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fugal force, and the cohesion of the parts of the string was the 
centripetal force. But if there is another centrifugal force that 
acts directly from the centre, then it is either a force that has 

' been generated without any apparent cause, or it is a force that 
could in no way contribute to circular motion. 

If this is doubted, let any one fix a stone to the one end of a 
string, and try to give it the rotatory motion by throwing it 
straight upward, or forward, from his hand holding the other 
end of the string (which is a centrifugal force acting directly 
from the centre), and he will find that the stone, instead of 
revolving in a circle; will either drop perpendicularly downwards, 
or descend like the ball of a pendulum, as soon as it reaches the 
end of the string. The motion, therefore, which is communi- 
cated to a body that is impelled by a force acting directly from 
the centre can be only rectilinear, like that of an arrow shot from 
a bow perpendicularly upwards, and not curvilinear, like that of 
a sling twiled round the head ; and the force which contributes 
to circular motion can never be directly from the centre. Thus, 
no force acting directly from the centre could have communi- 
cated to Mr. Knight’s wheel a motion round its own axis—a mere 
axis in peritrochio that can be put im motion only by a power 
applied in the direction of a tangent to the circumference, which 
ower the water was that fell into the cogs of the main wheel, 

and put the whole machinery into motion. 
Mr. Meikle’s next peculiarity is his maintaining that “‘ when 

a body is relieved from moving in a circle, its fying off in a 
tangent is in perfect harmony with, nay a consequence of, the 
centrifugal force’s acting directly from the centre.” It would 
certainly be edifying to see the proofs of the doctrine which Mr. 
Meikle thus advances ; that is, to know how a change of,motion 
may be effected in a line of direction different from that of the 
force impressed. But till the alleged proofs may happen to fall 
in my way, I shall consider myself as at hberty to suppose, that 
when a body is relieved from moving in a circle, its flying off in 
a tangent is a consequence of the centrifugal force’s acting in a 
line that is not directly from the centre ; for where a force acts 
directly from the centre, it can have nothing to do with circular 
motion. Nor is the flying off even in a tangent to be regarded 
as an invariable and necessary consequence of relieving a body 
from moving in a circle. The consequence may be very differ- 
ent. For a body may be relieved from moving in a circle by the 
destruction of the centrifugal force itself, and then it will not fly 
off in a tangent, but will assume a direction depending upon the 
direction or position of the cause that obstructs its progress. 
Suppose the motion of a twirled sling to be obstructed by its 
stniking against some obstacle, instead of goimg completely 
round, and you have an example in point. But if the body. is 
relieved from moving in a circle by the destruction of the centn~ 
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petal force only, it will then fly off in a tangent, as the experi- 
ment of a stone fairly thrown from a sling will show. 

1 have said that the radicles ought to have been elongated in 
the direction of a tangent; but the relief wanted had partially 
taken place, at least upon Mr. Knight’s principles. For Mr. 
Knight says, that in the case of the vertical wheel performing 
150 revolutions in a minute the influence of gravitation was 
conceived to be wholly suspended, and consequently the centri- 
petal force. The radicles were, therefore, subjected to the 
agency of the centrifugal force alone’; and though they would 
still have been compelled to revolve in a circle, from their indis- 
soluble connexion ‘with the wheel; yet as Mr. Knight regards 
the matter which is added to the apex or point of the radicle as 
“being fluid, or changing from a fluid to a solid state,” and 
hence sufficiently susceptible'to the influence of gravitation to 
give it an inclination downwards, when lying at rest in the earth, 
I thought I might assume the same fluidity in the case of the 
beans attached to the wheel, and contend that similar causes 
should produce similar effects ; or, that the continual tendency 
of the beans to fly off in a tangent ought to have made the flitid 
particles that were successively added to the points of their 
germinating radicles to assume the direction of a tangent also. 
But this notion I have, perhaps, carried rather too far. 

There is a curious consequence that would result from Mr. 
Knight’s doctrine, if true, which has just occurred to me. If 
gravitation is the true cause by which the roots of plants are 
made to descend, and their stems to ascend ; and if the result of 
Mr. Knight’s experiments is to be regarded as a proof of the 
fact ; then, if the diurnal or rotatory motion of the earth were to 
be but sufficiently accelerated, the roots of trees would grow 
upwards, and the stems downwards, the earth acting the part of 
the upright and revolving wheel. 

Spectatum admissi risum teneatis amici ?—~ 

I have but little more to add in reply to Mr. Meikle’s remarks, 
in which I cannot but admit that he has given us a very conspi- 
cuous display of his knowledge of the principles of mechanics, 
and acquaintance with the laws of motion, and composition of 
forces ; but unfortunately he has done nothing to clear up the 
obscurity of the point im question, or to help us out of our diffi- 
culties on either side. In short, he has left us precisely where 
we were before. For allowing that his strictures on my paper 
were even well founded, still they affect but a mere flaw—a mere 
trifle—a mere speck in the colouring, that tends nothing to the 
prejudice of the main arguments which I adduce. The me- 
rits of my paper can be estimated only by a minute examination 
of the phytological facts which it exhibits, and of the legiti- 
macy of the conclusion which I have thought myself entitled to 

1 
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draw from them; and this I should have been very elad if Mr. 
Meikle had been pleased to undertake. fam, Sir, 

Your most obedient humble servant, 
P. Kerra. 

‘ 

Articie ILL. 

Experiments on the Gas from Coal, chiefly with a View to its 
Practical Application. By Wilham Henry, M.D. F.R.S. &c* 

THE chemical properties and composition of the gas from coal 
formed a principal object of two different series of experiments, 
the results of which I laid before the public many years ago. 
The first of these communications, entitled “Experiments on 
the Gases obtained by the destructive Distillation of Wood, 
Peat, Pit-Coal, Oil, Wax, &Xc. with a View to the Theory of 
their Combustion, when employed as Sources of Artificial 
Light,” appeared in Mr. Nicholson’s Phiiosophical Journal for 
June, 18055} and the second memoir was published in the 
Transactions of the Royal Society for 1808. 

By the first train of experiments, 1 endeavoured to derive, 
from a careful’ analysis of the compound combustible gases, a 
measure of their illuminating power, admitting of more exact 
appreciation than the optical method of a comparison of sha- 
dows. The one which I was led to propose as the most accurate, 
and which I still think entitled to preference, was the determi- 
uation of the quantities of oxygen gas consumed, and of carbonic 
acid formed, by the combustion of equal measnres of the differ- 
ent inflammable gases ; that gas having the greatest illuminating 
power, which, in a given volume, condenses the largest quantity 
‘of oxygen. The average results of a great variety of experi- 
ments were comprised in the following table : 

Oxygen gas required 
Kinds of gas. to saturate 100 Carbonic, aeia sayel 

measures, urge nged, 

Pure hydrogen ......... ote tak FS TSE hie 
Gas from moist charcoal .}.... 60: 0.0.5. 33 

wood (oak). ...e8. if) OREO E Oh 
dried ‘peat’ he lo aa 3 aes RR a age! 
cannelvcodl. yd owstae) BOM 2. y 2 100 
damp-OUbs . dieidfeda e's. 2190) 554 slat 224 
WOK: lita AL CLE OE Codes ABT 

Olefiant ds. 6. si tbleiee Aditi POR alenig ey LVD 

. . . ” * . ; 4 

* From the Memo'rs of te Literary and Philosophica! Society of Manchester _ 
vol, iii. Second Series. o 

+ 8vo, Series, vol; xi. p. 6°. 
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_ In the same essay,,1 maintained an opinion, which, on the 
most mature consideration, | see no, reason to change; that the 
great variety of gases evolved by;the destructive distillation of 
inflammable substances, do not constitute,.so many distinct 
species, but are mixtures of a few, the nature and properties of 
which were before ascertained. It will.contribute to render what 
follows more intelligible, if'a brief account be given of those 
gases, of known composition, the mixtures of which, in various 
proportions, compose, according to this view, all the observed 
varieties ; and I shall make their comparison under a form best 
adapted to illustrate their practical application. Sie 

1. Hydrogen Gas.—This is the lightest of all known gases ; 
its specific gravity, that of atmospheric air being taken at, 1000, 
being about 73. As ordinarily procured, by the solution of iron 
or zinc in diluted sulphuric acid, it contains impurities which give 
it a disagreeable smell; but well purified hydrogen has little if 
any odour. It burns with a pale and feeble flame, not at all 
suited to artificial illumination. 

Product of its combustion. 

Grains. Grains. 

The cubic foot weighs about ........ 40 
Consumes half a cubic foot of oxygen.. 300 

—— 

340 Water.... 340 

2. Carburetted Hydrogen has been shown to constitute the 
gas of marshes, and the fire-damp of coal mines. In these 
natural forms, it is contaminated with a small proportion of car- 
bonic acid, and a larger one of azotic gas, but appears to be free 
from all other impurities. It is proved to be a definite compound 
of hydrogen and charcoal without any oxygen. It is lighter than 
common air, in the proportion of about 600 to 1000; it has very 
little odour ; and burns with a flame greatly surpassing that of, 
hydrogen, m density, and illuminating power. 

Products. 

; ; oz. dr,* Ms 

A cubic foot weighs... 0:12. 1 eubic foot of carb. acid 1; 13 
Consumes 2 cubic feet of . ; balsit 

ORV SEW er osciss woes eal AWM Ate Bele eeaneiy wallet eteghae 

Se Se ie penned 18 B06 
3. Carbonic Oxide is rather lighter than common air. It 

contains no hydrogen, and is purely a compouhd of charcoal and 
oxygen, the latter being in just half the proportion which is 
required to constitute carbonic acid. It» burns with a feeble 
blue light. . 

* The avoirdupois ounce of 4373 gr, or 16 drams, is to be understood, 
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Product, 
oz. dr. oz, dr. 

A cubic foot weighs ... 1:03 
Consumes half a cubic; 

foot of oxygen...... 0:11 

1:14  Carbonicacid........ 1:14 

4, Olefiant Gas, or Bicarburetted Hydrogen.—This has been 
demonstrated to be a compound of nearly 85 by weight char- 
coal, and 15 hydrogen, without any oxygen. It is a little 
lighter than common air, viz. in the proportion of about 974 to. 
1000. It surpasses all other gases in the brightness and density 
of its flame. Its name was originally derived from the property, 
which it possesses, of being speedily and entirely condensed, by 
rather more than an equal volume of chlorine gas, into a liquid 
resembling oil in appearance, but since shown to approach more 
nearly to the nature of ether. 

Products, 
oz, dr, oz. dr. 

A cubic foot weighs... 1:3 | 2 cubic feet carb. acid.. 3: 10 
Consumes 3 cub. feet of 
SI aes and 5 ee RT oY CE ate tia ls ae, yay 2008 

—— —— 

SPOS: 5 703 

Olefiant gas I found to be one of the products of the distilla- 
tion of oil and of bees’ wax, and was led, therefore, to suggest, 
that the wick of a lamp or candle, surrounded by flame, is to be 
considered as a bundle of ignited capillary tubes, into which the 
melted inflammable matter is drawn, and there resolved, not 
into a condensible vapour, but into olefiant and carburetted 
hydrogen gases. In the gas from coal, also, I detected the 
presence of olefiant gas, by the test of the action of chlorine. __ 

In the second series of experiments,* I submitted to distilla- 
tion, on a small scale, various kinds cf coal, from different parts 
ofthe kingdom. The aériform products, at different stages of 
the process, were kept apart, and were separately analyzed. 
From coal distilled in small iron tubes or retorts, which, when 
filled, were placed at once in alow red heat, small quantities of 
sulphuretted hydrogen and carbonic acid gases came over at first, 
in mixture with the other gases, but in a gradually diminishing 
‘proportion, till at length, in the last products, they were not. 
discoverable at all. ‘The production of olefiant gas observed the 
same order, anda gradual diminution took place, as the process 
advanced, in the combustibility of the gas, as determir.ed by its 
requirmg less and less oxygen for saturation. A great variety 
was ascertained to exist in the quality of the gas itom different; 

* Phil. Trans, 1803, p. £82. 
Vou. XIV. N° V: ‘ 



338 Dr. Henry’s Experiments on the Gas from Coal. [Nov. 

kinds of coal ; that from Wigan cannel, holding the highest rank 
“in illuminating power, and that from the stone coal of South 
Wales, the lowest.- . 

Since the period when the second of these papers was pub- 
lished, the use of artificial gases, as'a source of light, has been 
rapidly increasing in this, and, I believe, in other countries, and 
promises to attain an extent and importance sufficient to justify 
any labour that may tend, however remotely, to its improved 
application. {t has frequently happened of late years that I have 
been requested by the proprietors of large manufactories lighted 
by gas in this neighbourhood, to, give an opmion on practical 
points, respecting some of which I felt myself incompetent to 
decide, from the want of the necessary data. It is to supply 
these data that I have once more returned to the investigation 
of the subject. The objects, which I have had it in view to 
determine by the following course of experiments, are, whether, 
on the large scale of manufacture, there is a decline in the value 
of the aériform products of coal, from the beginning to the end 
of the distillation, similar to that which takes place on a small 
scale ; at what stages of the process those gases, which may be 
considered as impurities, are chiefly evolved ; and whether they 
are essential or accidental products; whether the method of 
removing the sulphuretted hydregen and carbonic acid gases by 
quicklime, which I suggested in the second memoir, is adequate 
to the complete purification of coal gas; whether this purifica- 
tion is attended with any loss of that portion of the gas, which 
on account of its superior illuminating power, it is desirable not 
to remove ; and, if such a loss should be found to ensue, whether 
it may not be avoided by some modification of the purifying pro- 
cess. In determining these points, I was indebted for the 
necessary supplies of gas to Mr. Lee, at whose extensive manu- 
factory the principal facts were ascertained that formed the basis 
of the first accurate calculations respecting the economy of gas 

“from coal.* 

~ On. the Quality of the Gas at different Stages of the Distillation. 

The gas which I first submitted to experiment was obtained 
from Wigan cannel coal, a substance preferred in this neighbour- 
hood as affording aériform products, which, both by their quantity 
and quality, more than compensate its higher price.+ The 

‘retorts are charged while red-hot with this substance, and indeed 
are never suffered, during the whole of the winter season, to fall 
below the temperature of ignition. The gas was collected in a 
bladder furnished with a stop-cock, which was fixed into an 
opening in the pipe between thé retort and the tar-pit. It was 
taken at this place, in order to avoid contact with water, and 

* See Mr. Murdoch’s ** Account of the Application of the Gas from Ccal to 
economical Purposes.” ,Phil. Trans, 1808, p. 124. 

+ Abouta shilling per cwt. of 112Ib. or 133d. delivered in Manchester. 
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‘admixture with any atmospherical air, that might accidentally 
‘remain in the gasometer. Wishing to examine the gas, ina 
perfectly recent case, and finding it impossible to make ‘the 
necessary experiments with sufficient accuracy im a. shorter 
interval, I was obliged to be satisfied with procuring it every 
‘other hour. In this place, ! shall only state the general results, 
and I shall describe, in a subsequent part of the paper, the 
methods of analysis, im crder that other persons who may 
‘chocse to compare my experiments with their own may conduct 
them under equal circumstances. 

By: the expression impure gas is to be understood the gas 
precisely in the state in which it was collected from the retort ; 
and by purified gas, the same product after being freed from 
carbonic acid and sulphuretted hydrogen by solution of pure 
potash, applied in very small quantity, relatively to the volume of 
the gas, and with the least agitation adequate to the effect. 

TABLE I. 

Showing the Quality of Gas from 11201b. of Capel, at different 
Perieds of the Distillation. 

100 measures of im-|100 measures of purified 100 measures of pu- 
Hours from the|pure gas contain of gas consist of | rified gas 
commencement. ; pees 

sul. hyd.|carb,acid| olef. gees: az. re A foe 

% an hour... 04 53 16 64 20 180 94 
1 hour.... 3 3S MOE ie te 43 | 210 112 
ao heures 32 2f 23 23 15 80+) +5 200 108 
5 hours ....| , 23 24 13 (7 15 176 94 
a hours... o 25 9 76 15 170 83 
9 hours .... 05 23 8 77 15 150 73 

105 hours ....| 0 2 6 74 20 120 54 
+ 12) hours ...,|. .0 03 4A 76 20 &2 36 

Excluding from the calculation the azotic gas, with various 
proportions of which the products were contaminated, the follow- 
ing table shows the quantity of oxygen gas consumed, and of 
carbonic acid produced, by the really combustible part of the 
gas. 

TABLE [f. 

Showing the Quali y of the really combustible Part of the Gas at 
different Periods of Distillation. 

Take oxygen. Give carb, acid. 

-100 measures of half hour’s gas..... 225 ...... 118 
1 hour’s gas...... ALO i pit oli a hat eQOUA Ca. JL 
tet OULE Dee ele pws DO sylpaties 114 
SPA PO il ale 206i ac OS 
MER a as sad Heth vn etna arate TRIO Oates Oe 

hl EE PPR ter tw) oF i dete: Acta ER 85 

PRD RN IEE: AYN Aaa, SEA oa 
» hs 
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The next set of experiments was made on gas from ehiereap. 
coal, got at Clifton, near Manchester, “atid of fair Averd¢e 

J it v8 if i iotso1g quality. me a“ 
TABLE eae Rh é a cals 

aistdo Sent 
Showing the Quality of: the Gas fr on) 112008. ‘of Gomenah Coabae 

oe Periods of the distillation, baveg 

: (sis, 

100 measures of im-|100 measures ‘of ‘purified|100 measures of pu- 
pure gas contain gas contain { rified gass iif 

; : Hales & 7 other infl. consume |give) Gar. 
sul. hyd.jcarb.acid| olef. gases. az, oxygen; * aleids 

caine Asisss |} to eaitenoiit DOL onienuAah ToL Deine 
1 hour’s gas... 3 3 10 90 Oo ,| 164 91 
3 hours’ gas... 2 2 9 91 0 168°) (0 BF 
5 hours’ gas. . 3 2 6 94 0 132 |) Hos 
7 hours’ gas... 1 3 5 80 15 TO is : 

“9 hows? gas. ! Qs 2 89 9 | 112 60 
TL hours’ gas. 1 1 0 85 bi ss Se 

Exclusive of the azote, with +HTUH the three last portions’ o. 
gas were mingled, they, consumed oxygen, and gave carbonic 
acid as ‘follows. ‘Fhe seven hours’ gas in this instance, as some- 
times happens from irregularities’ of temperature, was’ more 

‘ combustible than that collected two hours sooner. ee 

Consumed oxygen. Gave carh,,acid. 

100.m. of 7 hows! ance apans 149) Yo eons icicéign TE 
Os Bombo offs to. wil AQ adi soe one of tO 

Wdgiis adit atuorstmaxs LOGs ae. deskenoqal) 

A comparison 6f the results exhibited in the third table’ with 
‘those of the distillation of cannel coal is greatly in favour’ of the 
latter. substance as a source of light. This will appear, most 
distinctly. by setting, against each. other the proportions © of 
oyxgen which are consumed by the gases evolved from the two 
substances at equal times from the commencement. Haart 

“Tape TWO" OM ¥ ; ad year 
21 mbr 

Sharhcnhutsoe Pable of the Qualities of the: leas from Wigan 
Cannel; ind from common: Coal, ct ie Times: from: ithe 
Cominencemeitt ian ae Distillation. 09 TIGo1g 

eee ca ee by 100 . - Oxygen consumec byioo 

} ED ind. tb tana gish lh TO) gal} ae sh cok Ras, 

Thonrs'eeaoe Jol sisi Jgog bas 269 313 10 sbaRe 1 
wifes Sinden ogee eer nee 210 JI AIG BEI ee 
Hie egdont quena COUUS neugeg nC ie 

y=34 Ln Sig ae pn EAS 200 eee te ee TADS 
w rey eee TOG), aC eae so aoe 
= eee ee eee ese e eee 150, ween eee eeaees VOR*" 

vi z Srey 6 

t appears 4 from these Wy ate ents she at bahe gas from eannek 
SHTD 0 fod 
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has,,in an equal, yolume,_an illuminating power about, one-third 
greater than that from coal of medium quality. The quantity 
also from the former substance, exceeded by about one-seventh 

that obtained from coal distilled under precisely similar circum- 
Stadnees's 3500 cubie' feet) of gas having been collected from 1120 
pounds of cannel;'and dnly 3000 cubic feet from the same quan- 
tity of coal. The whole product of one distillation of cannel 
mixed, together in a.gasometer, was of such quality that 100 
measures required for combustion 155 measures of oxygen gas, 

and.gave 88 measures of carbonic acid. But as the gas was 

contaminated with 15 measures of azote in every 100, the oxygen 

required for saturating 100 measures of the really combustible 

part of it may be stated at 195 ; and the carbonic acid produced 

atill0. It may be necessary to observe, that in comparing the 
value of gases produced from different kinds of coal, or from the 
same kind of coal differently treated itis not enough to determine the 

quantity of aériform products ; and no satisfactory conclusion can 

be drawn respecting the relative fitness of any variety of coal for 
affording gas, or the advantages of different modes of distillation, 
unless the degrees of combustibility of the gases compared be 
determined, by finding experimentally the proportion of oxygen . 
gas required for their saturation. . 

The results expressed in the first table, when contrasted with 
those which I formerly obtamed by the destructive distillation of 
small quantities of coal, present several circumstances of disa- 
greement, as to the quality of the products at different stages of 
the eperation. In small experiments, the sulphuretted hydrogen 
and carbonic acid gases were evolved only at the early stages of 
the process ; and sulphuretted hydrogen especially could not by 
the nicest tests be discovered in the last products of gas. On 
the large scale both these gases continue to be evolved through- 

- out the whole operation, though in greatly diminished proportion 
towards the latter end. Even in the advanced stages of large. 
distillations, the presence of sulphuretted hydrogen in coal vas 
may be traced by the proper test, though not in a quantity that 
admits of being easily measured. The test, which I used for 
some time, was the white oxide of bismuth, for which I after- 
wards substituted white lead, ground with a little water to the 
proper consistence, and spread. by a camel’s hair pencil on a slip 
ef card. This was secured by a small pair of forceps fixed in a 

‘ cork, by means of which the slip of card could be placed ina jar 
or bottle of the gas, and kept there for some time. By experi- 
ments on artificial mixtures, I found that a cubic inch of sulphu- 
retted hydrogen diffused through 20,000 cubic inches of common 
air distinctly affected the test, which it changed to a light-yel- 
Jowish or straw colour. By mixing sulphuretted hydrogen with 
various proportions of common air, [ prepared coloured cards of 
a variety of shades, which served as standards of comparison for 
judging of proportions of sulphuretted hydrogen in coal gas, 
which were too minute to be accurately measured. 
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In the small experiments made several years ago, I never 
found, in the early products of gas from cannel coal, a propor- 
tion of olefiant gas at all approaching that which is noted in 
Table I, and its quantity in small distillations rapidly decreased 
until in the latter products it could be no longer traced at all. 
The method of analysis, which I formerly employed, led me, 
however, as I have lately discovered, to under-rate the propor- 
tion of olefiant gas, and to. over-estimate that of sulphuretted 
hydrogen. But making due allowance for this error, the supe- 
riority of the products of large operations, so far as respects 
olefiant gas, still exists, and is confirmed by comparative experi- 
ments on a small scale which I have lately made. Thus it 
appears from Table I, that even after 12 hours continuance of 
the process, olefiant gas still constitutes four per cent. of the 
gases evolved from cannel. The other inflammable gases also, 
~when obtained in large quantity, are more uniform in quality, 
-and possess, towards. the. close of the process, much greater 
eormbustibility and illuminating power than when procured in 
small experiments. This superiority is obviously dependent on 
the greater facility of preservmg an uniform temperature in all 
chemical processes which are carried on upon a scale of magni; 
tude. 

The temperature to which the coal is subjected must necessa- 
rily be a point of the greatest importance to the quantity and 
quality of the acriform products ; for while too low a heat distils 
over in the form of a condensible fluid, the bituminous part of 
the coal which ought to afford gas, too high a temperature, on 
the contrary, occasions the production of a large relative propor- 
“tion of the lighter and less combustible gases. It would be a 
great step in the improvement of the manufacture of coal gas if 
the whole of the hydrogen could be obtained in combination 
with that proportion of charcoal which constitutes olefiant gas; 
and it is satisfactory to know that no impediment to this arises 
out of the proportion of the hydrogen and charcoal present in 
coal. If this object be ever accomplished, it will probably be by 
the discovery of means of uniformly supporting such a tempera- 
ture as shal! be adequate to the production of olefiant gas, and 
shall never rise above it; and. some probability of success is 
erhaps derivable from the fact, that M. Berthollet, by the care- 
ul decomposition of oil, which in my experiments afforded a 
mixture of gases, succeeded in obtaining olefiant gas in a state 
of purity.* ’ 

With the view of ascertaining how low a degree of heat is 
adequate to the production of gas from coal, I placed a small 
iron retort, containing cannel in melted solders of various com- 
position without obtaining more than the common air of thé 
vessel, The retort, charged with fresh materials, was then 
immersed in melted lead; but after expelling the common air, 

. * Memoires dela Soc. d’Arcueil,ii. 84, - 1S 
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no more than a few bubbles of gas came over, and that only 
when the lead, by being kept over the fire, had acquired a tem- 
perature about its fusing point. . On restoring this temperature 
by adding fresh metal, the evolution of gas was always sus- 
pended. I placed also one of Mr. Wedgewood’s pyrometer 
pieces in contact with a retort which was at work at Mr. Lee’s 
manufactory, and which showed only a dull red or blood- 
coloured heat ; but, after remaining in that situation halfan hour, 
a contraction of barely one degree of the scale had taken place. 
This temperature, however, | suspect is rather too low, and has 
a tendency to distil over too much tar, and consequently to 
produce less gas than might be obtained by a degree of heat 
somewhat higher.. The best adapted temperature will probably 

_ be found to vary with different kinds of coal; and I have been 
prevented from ascertaining it with respect to cannel by the 
inconveniences that would arise from disturbing the regular _ 
arrangements of a large manufactory. From some experiments 
of Mr. Brande, it appears that the sudden application of the 
requisite heat evolves from coal much more gas than the gradual 
heating of a cool retort up to the point of ignition.* _ 

In the experiments upon gas from Wigan cannel, the results 
of whigh are comprised in the first table, azotic gas was found 
in all the aeriform products, from the beginning to the end of 
the operation. But in experiments on the gas obtained at other 
times from the same substance no appreciable quantity of azotic 
gas could be discovered till after the sixth hour of the process, 
when it began to appear, and progressively rose to 20 parts in 
the hundred. Of this purity of the early products from azote, 
and appearance of it in the latter ones, Mr. Dalton was an eye 
witness on one occasion, when he was so good as to co-operate 
with me ; and | had afterwards repeated opportunities of verify- 
ing the fact. With the view of ascertaining whether the azote 
found its way from the atmosphere into the distilling vessels, L 
subjected 100 gr. of cannel coal to heat in a glass retort, the 
capacity of whose body and neck did not together exceed 11 
cubic inch. Besides a portion of gas which was lost, 50 cubic 
inches were collected, which, on careful analysis, were found 
to contain five cubic inches of azotic gas. Of these, only one 
cubic. inch can be traced to the common air present in the 
retort at the outset; and the other four cubic inches must have 
been furnished by the coal itself. 
_It is reasonable indeed to expect that a substance like ceal, 

which affords ammonia under some circumstances, should, 
under others, yield the elements of that alkali in a detached 
state; and the reason why azote is for the most part not to be 
found,in the gas which is first evolved is, that at a low temper-_ 
ature, be element unites with hydrogen, and composes ammonia. _ 

* Journal of Science, vol. i, .p, 75. 
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But when the contents’ of the*retort; which, for some time, have 
been kept ‘doniparatively ool'by the eseapeoficondensible finids, 
become iiore intensély heated, 'ammorialis: either not. formed, 
or, if for ied, 8 decomposed* again <intorazdti¢é and hydrogen 
gases, both of which may be' traced im the aeriform products of 
the a vanced 'sta es of distillation, As! matter of practice, it 
is ‘certaltily desirable’ that the azote existing! in coal should enter 
into ‘the composition ‘of a condensible fluid rather than thatjit 
should’escape in’ a gaseous state; for it Is an impurity which, 
when once mingled with the combustible gas, cannot be removed 
by any known method, and must materially impair its illuminat- 
ing power. That such an effect must result from its presence 
may be inferred from the experiments of Sir-H. Davy, avho 
found that an explosive mixture of carburetted hydrogen and 
common air was deprived of its combustibilty by being mixed 
with one-sixth of its bulk of azoti¢ gas.* Feet 

(Lo be continued.) rt 

ARTICLE IY. 

Observations on the Relation of the Law of Definite, Proportions 
‘in Chemical Combination, to the Constitution of the Acids, 

Alkaties, and Earths. By John Murray, M.D. &c.&c. 

(Concluded from p. 294.) 

Tue composition of the acids, of which phosphorus’ isthe 
base, is so'‘imperfectly determined, and the most recent experi- 
mental researches are so much at variance in’ their results, that 
scarcely any satisfactory application of a principle can be applied 
to them. “Yhere is some reason to believe that the three acids 
which’ appear to’ be of definite composition, the hypophospho= 
rous, phosphorous, and phosphoric acid,’ contam oxygen im 
proportions ‘affording the miultiples 1, 2) 4... The intermediate 
multiple of 3 is probably to be found in the combination whick 
is established of phosphorous acid acting ona base, conformable 
to the view illustrated in the analogous /case°of sulphurous' acid, 
the acid receiving the oxygen ‘of! the base} ‘and a ternary com- 
pound being formed, in which thewholedxygen and 'the radicak 
of the base observe the due relation to the radical of the acid. 
And from the quantity of base which phosphorous’ vacid-must 
saturate, this additional proportion of oxygen will. be! precisely 
zaultiplélof that with which phosphorus combines’ Phosphorie 

acid “appears to ‘be formed in’ the combustion /of phosphorus in 
a yge > and) must, therefore, he admitted to exist aS an insulated — 
mon b3isiveb ove! 28 0a ,onioldous 10 .bo0992 911} 03, Diges 
dul isles jas * Onthe Safety Lamp, pi8O- 2:1) lotthuoe ost 
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binary compound. : It is furthen capable,j however, of, combiming, 
according to the comin expression|of the result, with,a definite 
proportion’ of water ;-thatas,; »with) an. additional, proportio of 
oxygen) ‘and with ‘hydrogen equivalent to, that proportion,, “The 
quantity of this has béem variously) estimated, , and, does no} 
appear'to be very accurately determined); but it. will probably be: 
equalto an additional: multiple of oxygen, | that.is,, about 14 in 
100, and then the series of phosphoric: compounds, will contain 
oxygen in the ratio of 1, 2,3, 4,5: If the estimate, howeyer, 
by Berthollet and Berthier were correct, which makes the quan- 
tity of combined water equal to 25 in' 100, it would be equal to 
2 multiples; and the series might be 1, 2, 3, 4,6. And if phos- 
phorous acid does not combine directly with the elements of the 
alkaline bases, but forms, as has been affirmed, partly phos- 
phates, partly phosphites, the series will be that of 1, 2, 4, 6, 
similar to that of the nitrous compounds. 

In the muriatic compounds, no regular progression has been 
discovered, considering either muriatic acid, or chlorine, as the 
first of the series. “Seme-such progression may, perhaps, how- 
ever, be traced. 

Considering muriatic acid as a compound of a radical with 
oxygen, Berzelius has inferred, from the application of the prin- 
ciple, that the quantity of oxygen in an acid is either equal to, or 
a simple multiple of, the quantity of oxygen m a°base ‘which it 
saturates, that it consists of 41-632 of radical, and 58-368 of 
oxygen. This applies, however, to what is called'the real acid 
free from water, a compound, the existence of which is not 
proved. Taking the proportion of water, or rather of its 
elements in hydromuriatic acid into calculation, it gives as the 
composition 31:224 of radical, 65:851 of oxygen, and 2-925 of 
hydrogen. The proportion of oxygen to the radical in oxymu- 
riatic acid is the:same; the only difference between the two 
being the presence of hydrogen in muriatic acid; in;oxymuriatic 
acid, therefore, the proportion is 32-164 of radical, with .67:836 
of oxygen. The next compound is euchlorine, composed of 100 
of oxymuriatic acid, with 22-26 of oxygen; this is alniost exactly 
the third of the former ; the relation is, therefore, that of 3, 4. 
Another gas, which has since been discovered by Sir. H, Davy, 
contains a much higher proportion. of oxygen, being composed 
of 100 of oxymuriatic acid with 89; this, is ‘exactly, 4,multiples, 
and gives, therefore, the series of 3, 4/7. , Hyperoxymuriatic, or 
chloric acid, is composed of 100, of oxymuriatic, acid, with 111 of 

gen, which is another multiple, | or 8.,)/Jt, cannot, however, 
exist insulated, as Gay-Lussac states; without the. presence of 
water ;-that is, it is\a ternary, compound, containing probably 
an itional multiple of oxygen); and|,thus affording the series. 
6f:3,4,,7, 9, If an’ error of experiment, svere ,supposed. with, 
regard to the second, or euchlorine, so as to have deviated from 
the multiple 5, this would aitord a’series'somewhat regular. But 
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even without assuming this, it is of importance to find in all 
these, that the proportions are simple multiples of a first quan- 
tity. And as the relations of carbon to. oxygen.and hydrogen, 
in the compesition of the vegetable acids, show the numerous 
definite proportions in simple multiples in. which they combine, 
so combinations not more numerous may supply the intermediate ,, 
multiples in the muriatic compounds. 

There is a peculiarity in the muriatic compared with the sul- 
phuric and _ nitric compounds. In the latter, there does not 
exist any binary compound of the radical with oxygen, in which 
the proportion of the one to the other is the same as the propor- 
tion in which they exist in the ternary compound which they | 
form with hydrogen. There is, therefore, no oxysulphurig,. or 
oxynitric acid. In hydromuriatic and oxymuriatic acids, the 
proportion of oxygen to the radical is the same, and there is 
only in the former an addition of hydrogen. Hence the apparent 
peculiarity of oxymuriatic acid having an excess of oxygen, and 
the circumstance, that by an addition of hydrogen it is converted’ 
into muriatic acid. This, however, is not absolutely peculiar to 
it, and presents, therefore, no anomaly. The same thing holds 
in the relation of carbonic and oxalic acids. In both, the same 
proportion of oxygen to carbon: exists; the oxalic acid only , 
containing, like the muriatic acid, an addition of hydrogen. 
Did hydrogen act with the same facility on carbonic acid that 
it does on oxymuriatic acid, it would.convert it into oxalic acid 
in the same manner that it converts the other into muriatic acid. 
And were the attraction of carbon to metals and inflammables 
mote powerful than it is, so as to bring it into ternary combina- 
tion with them with oxygen, or its affinity to hydrogen equally 
strong with that of the radical of muriatic acid, its action, in 
apparently imparting oxygen, would probably be equally ener- 
getic as that of oxymuriatic acid. 

The constitution of the alkalis and earths, which I haye con- 
sidered as ternary compounds of radicals with oxygen and. 
hydrogen, will be found to exhibit, in conformity to this view, a. 
perfect coincidence with the law of proportions. One or two, 
examples will be sufficient for illustration. : 

Potassium, in the proportion of 100 with 20:5 of oxygen, 
constitutes the binary compound denominated: dry potash, and, 
which. is probably the first. degree of oxidation. If, in) the. 
temary compound, which constitutes the alkali in its common, 
state, fused potash as it is named, the additional portion of, 
oxygen is equal to this, or the whole quantity is twice. that in, 
the first, conformable to the usual law of proportions, then the 

_ quantity of water which will be obtained from the subversion of 
its composition, and which, according to the common doctrine,, 
is water combined with the alkali, will be 16.from 100 of the 
fused potash. Now, Berthollet. assigned the quantity from, 
experiment at 14, and Sir, H. Davy at from 17 to 19. The mean, 
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of these may be taken at 16, conformable, thefefore, to the 
theoretical application. ‘And this quantity is stated on the 
authority of Berzelius’as the precise proportion. This second 
proportion of oxygen seems to be established as an ‘insulated 
binary compound in combination with the radical, as well as in 
the ternary combination into which hydrogen also enters, if it is 
perfectly just, what has been asserted, that the excess of oxygen> 
in the product of the combustion of potassium in oxygen is 
expelled by heat. And if this compound were capable of being 
acted on by hydrogen (which can scarcely be doubted it is), it. 
would afford another perfect, analogy to oxymuriatic acid, as by: 
this action it would be converted mto potash, precisely as oxy-: 
muriatie acid is by the same action converted into muriatic acid. 
The facility with which hydrogen is admitted mto the binary; 
compound, so as to form the ternary combination, is still greater, 
than the facility with which a similar change is preduced in oxy- 
muriatic acid, the addition of water alone producing the effect, 
converting the peroxide of potassium into potash, and hberating 
of course the corresponding excess of oxygen. 

Sodium combines with a larger quantity of oxygen than potas-' 
sium does ; and, therefore, soda ought (adopting the language 
of the common doctrine) to contain a larger quantity of combined: 
water, the water being always proportional to a multiple of the 
oxygen combined with the radical. The fact is accordingly 
conformable to this, 100 of fused soda affording about 24 of 
water. : 

Barium, on the contrary, combines with less oxygen. Sir H.. 
Davy, from indirect results, infers, that 89-7 of barium combine 

‘with 10:3 of oxygen. In conformity to the law, therefore, 
barytes ought to afford less water, which is accordingly the case, 
100 of hydrate of barytes, as it is named, affording, according to. 
the estimate of Berthollet, 9 of water, according to that of Ber- 
zelins about 10°5. 

The neutralization of acids and of oxides, by their mutual 
action, I have already stated, is probably not merely the result 
of combination, but of subversion of composition. The radical 
of the acid, and the radical of the base, are in combination with 
the oxygen which remains after the abstraction of any portion of 
this element by the formation of water.. And the proportions 
established will be found directly conformable to the relations of 
these elements. It has been already shown, that the rela» 
tion of the oxygen in the ternary combination is that which 
it separately observes to the radical ofthe acid, and the relation 
of the radical of the alkaline base is that which it also separately - 
observes to the radical of the acid. And the three elements exist 
in simultaneous combination. So’far'the constitution is analo- 
gous to the composition of the ternary acids and bases, with 
this ‘difference, that in these’ the’ oxygen and hydrogen are im 
their respective proportions to the radical of the acid or base, 

_ 
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and in the salts the oxygen and the,radical.of ‘the base, are dn 
their due proportions to the radical of, the, acid. ‘In the econver- 
sion of the one into, the other, there.is/merely the substitution of 
the radical, of the base) for the hydrogen. of ;the acid, ,and.the 
abstraction of that portion of oxygen with which the former,was 
combined, and the formation of a portion of water equivaleit to 
this. . In the formation of a neutral. salt. from the union .ofja 
binary, acid, there is simply the production of a ternary combi- 
nation in which the proportion of oxygen to the radical \of the 
acid is increased by that of the base. And the difference inthe 
salts formed by the binary and ternary acids of the same radical 

is in the quantity of oxygen being a higher multiple in'those,of 
the latter than in those of the former; so that the addition,or 
abstraction of that portion of oxygen converts the one into, the 
other. bed 

There is every reason to infer, that in the ternary acids, ,and 
the ternary alkaline bases, while the due relation of oxygen.to 
the radical, and of hydrogen to the radical, exists, there will be 
a similar relation in the hydrogen and oxygen to each other. 
These two elements combine only in the proportion of 1 to 775. 
But there may be other proportions multiples or submultiples of 
these, in which they exert mutual actions, though they, do not 
in conformity to them form binary combinations, and, they may 
exist under the influence of such actions in ternary combina- 
tions. In hydrosulphuric acid the quantity of oxygen in relation 
to the hydrogen present is four times the quantity of oxygen 
which constitutes the composition of water. And this may bea 
relation actually existing, independent of the others, that. is, 
while the oxygen in the proportion in which it is present, acts 
on the sulphur, and the hydrogen acts on the sulphur, the 
oxygen and hydrogen likewise act on each other; and, these 
actions are in equilibrium constituting the sulphuric acid. ,, And 
in all these ternary compounds at least, the elements) may) exist 
in these uniform relations instead of any of them. being in, any 
case in intermediate proportions. In like manner, in the com- 
pound salts, the two radicals, that of the acid, and that of the 
‘base, will observe their due relation in proportions to each other. 

In the neutral salts then there exists neither, acid nor alkali; 
and their decomposition is merely the transfer of the radical,.of 
the base in the one to the radical of the acid of the other. The 
decomposition, for'example, of nitrate of barytes by sulphate of 
potash, consists in the transfer of barium to sulphur and oxygen, 
and of potassium to nitrogen and oxygen. The quantities must 
be equivalent to each other; and hence the law of Richter, that 
the state of neutralization remains.* err es Pree 

* Under'these principles, the laws given by Berzelius with regard to the quan- 
tity of combined water in acids and in bases, and the proportion which the oxygen 
in an acid hears to the oxygen of an oxide with which it combines, which some 
have regarded merely as empirical, and which others have denied, are explained. 
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: “Tn-the mutual action of acids and salifiable bases with regard 
‘to Saturation, the simple'rule will be, that in all cases an acid 
willsaturate that quantity of a ‘base, the radical of which is in 
‘theceyuivalent weight to the radical of the acid, And the’ quan- 
tityof oxygen in'the salt will/be that which constitutes the usual 
proportion of that element to the radical of the acid. 
o) The capacity of saturation in the different acids and bases, in 
their reciprocal action, has been proposed as a measure of the 
forée of ‘affinity which they exert, those acids being inferred to 
have the strongest attractions to’ the salifiable bases, which in 
the'smallest quantities saturate a given weight of these bases ; 
‘andthe same rule being applied to the attraction of the bases to 
‘the-acids. The capacity of saturation, however, depends alto- 
@ether on a different cause, on the relations of the more remote 
elements to each other, and not any direct action of acid and 
base. A larger quantity of barytes is necessary to saturate a 
siven weight of the different acids than of potash, not because 
barytes has a weaker action on acids than potash has, but 

bedatise'the combining weight of barium is greater than that of 
potassium ; and it combines, therefore, in larger quantity with 
the radicals of the acids; and conversely, a larger quantity of 
sulphuric than of carbonic acid is necessary to saturate a given 
weight of the different bases, not because its affinity to them is 
less ‘powerful, but because the combining weight of sulphur is 
higher than that of carbon. And were the doctrine of the 
influence of elective’ affinities, independent of the operation of 
external forces on’ chemical attraction established, barytes 

would be considered as exerting a more powerful attraction than 

potash to sulphuric acid, from the attraction of barium to suphur 

heing stronger than that ef potassium to sulphur. From the 

test, however, of the strength of attraction to be found in the 
capacity for saturation, the attraction of potassium must be 
interred to be ‘superior to that of barium to sulphur; and the 
results of double decomposition of what are called their saline 

ompounds must be ascribed, in conformity to Berthollet’s doc- 

tine; to the influence of the force of cohesion, this force acting 

tore powerfully on the! ternary compound of barium, sulphur, 
aid-oxygen, than’ on that of potassium, sulphur, and oxygen. 

> Thee ‘views ‘apply ‘to all ‘the other cases of decomposition in 
‘salitie éombinations. ° 
oon ] 

Yo ojodolue 4) “Supplement to the preceding Paper. 
ANON XO Di é 10 i ; As1Q2, of 

ir H. Davy has stated some experiments in opposition to the 
evidence, of water being procured from the action of mutiatic 
acid gas in metals.* On these, so far as they refer to the expe-~ 

JEbey follow indeed necessarily from the relations in, the combining weights éf the 
oelements, when these are considered zs in simultaveous combinitiond o> boo! 
ono (Philosophical, Transactions for $818; Part) Togers tetved bio 
siilges 

a 
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-mments which I).executed on this subject,* I may take this 
opportunity of offering a few observations. ‘Wrenn 
, fn passing muriatic acid gas through glass tubes ignited, Sir 
H.. Davy found water to be deposited, which he ascribes to the 
action of the acid on the, oxide of lead and aikali in the glass; 

In passing it through glass tubes containing iron ignited (the 
vexperment [ had performed), “much more water appeared ; ” 
but this he ascribes principally to the ‘‘ combination of hydrogen 
disengaged from the muriatic acid gas by the iron, with the 
oxygen of the common air.” Any one repeating this experi- 
ment will at once be satisfied that this circumstance can have 
little or no effect in producing the result. The water does not 

~appear until the air has been expelled from the tube by the 
“introduction of the muriatic acid gas ; it continues to increase 
after this when no air can be supposed present ; and the whole 

“quantity of air which the tube could contain were it even filled 
with it, is inadequate to afford by its oxygen any sensible produc- 

» tion of water in such an experiment. The circumstances and 
result of the experiment which I have described, p. 297, of the 
eighth volume of the Transactions of the Royal Society of Edin- 
burgh, in which the air in the tube had been previously expelled 
by the introduction of the gas, and that described, p. 298, in 
which the air had been withdrawn from the retort by previous 

-exhaustion, altogether preclude this supposition. But its utter 
inadequacy will, to any one taking the trouble of repeating the 
experiment, be sufficiently apparent. { 

{tis stated that in the action of muriatic acid gas on metals, 
hydrogen, equal in bulk to half the volume of the gas, is pro- 

‘ duced ; and, therefore, it is added, if water had been generated 
by the action of muriatic acid gas on metals, it must have been 
the chlorine, or the metal, or both, that were decomposed. 
“ But in an experiment of passing chlorine gas over ignited 
arog not the slightest appearance of moisture was percep- 
tible.” 

This argument, in common with some others of Sir H. Davy’s 
results, may apply with sufficient force to those experiments in 

which it is said, that water was obtained equal or nearly so 
. to the whole quantity of water, which, according to the old 
doctrine, is contained in muriatic acid gas; for it is evident that 
this water could not have been deposited, and hydrogen likewise 
evolved. But it does not apply to my experiments, in which a 
small though very sensible portion of water was obtained ; for in 
such a case hydrogen gas will also be produced, though not to 
the precise amount of half the volume. The actual result, there- 

_ fore, in the particular form of experiment employed, ought to be 
ascertained, instead of a general conclusion being reasoned on, 
more especially when even the general fact is not so clearly 

* Edinburgh Philosophical Transactions, vol. viii. p. 287. 
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established that it’can be held as demonstrated. The theoretical 
result no doubt:is that: hydrogen will be evolved equal to half the 
volume of the muriatic acid gas, since the latter is formed from 

equal volumes of hydrogen and chlorine. But circumstances 
may occur connected with the experiment which will modify 

this.' There is one obvious circumstance of this nature, that of 
the absorption of a portion of the muriatic acid gas by the 
muriate formed, whence, as the entire quantity of acid 1s not 
decomposed, the quantity of hydrogen produced -must, if the 
experiment be accurately performed, appear less than half the 
volume. On this point accordingly there has been considerable 
diversity of result. Sir H. Davy himself, at a former period, in 
‘experiments conducted with much care, and having no reference 
to theory, found that the quantity of hydrogen evolved from the 
action of potassium and of mercury on muriatic acid gas is 
equal only to about one-third of the original volume of the gas.* 
When, therefore, the conclusion is adopted as the ground of 
argument that the quantity is one-half without any allusion to 
any difficulty in the experiment, any source of fallacy attending 
it, or any opposite result having been obtained, its maccuracy, or 
at least its uncertainty, may be fairly presumed. I had already 
observed, in relation to this point, that if the whole water essen- 
tial to the acid is decomposed by the action of the metal, half 
the volume of hydrogen ought to be obtained, muriatic acid gas 
being composed of equal volumes of oxymuriatic gas and 
hydrogen gas; while, on the other hand, if any additional portion 
of acid enter into union, besides that forming a neutral compound, 
the water of this will be liberated, and of course the full propor- 
tion of hydrogen will not be obtained. I, therefore, endeavoured 
to determine whether this is the case or not. And in repeated 
experiments, in which iron and zine acted on muriatic acid gas, 
the quantity of hydrogen was always less than the half; and on 
an average, about 12 measures were obtained when 30 measures 
had been consumed.* It appears, therefore, that in experiments 
attended with the results I had obtained; that is, when a por- 
tion of water is obtained from the action of metals on muriatic 
acid gas, and a supermuriate is formed, the quantity of hydrogen 
evolved is not equal tc half the volume of the gas consumed ; « 
and hence, in reference to these experiments at least, Sir H. 
Davy’s attempt to decompose chlorine was very unnecessary, 
and the want of success, which it was easy to anticipate, affords 
no argument whatever. 

Muriate of ammonia, it is stated, is not altered by being pass- 
ed through porcelain or glass tubes heated to redness ; but if 
metals be present, it affords similar results to muriatic acid gas ; 
and the water obtained is ascribed to the action of the hydrogen 
liberated from the acid and from the ammonia, on the action of 

* Philosophical Transactions, 1809, 1810. 
+ Transactions of the Royal Society of Edinburgh, vol. viii. p, 307. 
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oxide of lead in the glass. , In the,experiments of which I. ve 
given an account (Edinburgh Transactions, vol, vill. p. 3( 
found that exposure,to a heat, not so high as that of ignition, 1s 
not necessary to obtain, water, from the action of metals on. 
muriate of ammonia; one much more moderate, and at, w ich. 
no action on the glass can be supposed to be exerted, is su Hi, 
cient ; and accordingly, not the slighest indication of the. glass, 
being acted on, can be perceived. In obtaining, for example, 
water from a mixture of tin filings and muriate of ammonia, 
heated in a retort by the gentle heat of a small lamp, the retort: 
remains perfectly unaltered in colour, transparency, and lustre, 

These objections then I regard as of no force. At the same. 
time I do not consider the discussion as of much importance. 
The view which I have now proposed of the nature of muriatic 
acid does not rest on any exclusive proof of water being obtained. 
from it but on other grounds. And it is quite sufficient that it. 
yields water in the same cases of chemical action, in which other 
owerful acids, as the sulphuric, nitric, and oxalic, afford it ; 

while the sulphurous and carbonic afford none. The same 
theory applied to the constitution of the former will fall with 
every probability to be applied to that of muriatic acid; and 
whatever superiority may belong to it, this will be applied to both. 
The question, therefore, deserves attention only on the principle 
that in chemical investigations it is always of importance to, 
adhere rigidly to the observation and strict expression of a fact 
whether it is conformable to a prevalent doctrine or not, or 
whether it admits of obvious explanation or not on apy esta- 
blished law. In numerous experiments on muriatic acid gas, I 
have always obtained water in small but very sensible quantity, 
where its production, I am satisfied, cannot be accounted for 
from any of the extraneous sources to which it has been 
attempted to refer it. And I certainly shall not refrain from 
maintaining what I regard as the strict expression of an experi- 
mental result. At the same time, in the experiment at present 
veferred to, the formation of a supermuriate affords a principle 
which, as I have already stated, sufficiently accounts for the 
fact. 

ARTICLE | V. 

On a new Acid formed of Sulphur and Oxygen.® 
By MM. Welter and Gay-Lussac. in| 

) botea 
Tue acid, which constitutes the subject of this memoir, lies, 

as far as the proportion of its elements is concerned, between 

* The origin of this acid is as follows: While M. Weller managed a bleaching 
work, he made sulphurous acid to act upon tle black oxide of manganese, whict, 
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es Not resemble that of any other acid. We shall distinguish 
ieee by, the name of hyposulphuric, from the analogy 
0 f the hyposulphurous acid, in order to indicate that it contains 
leéss'oxygen than sulphuric acid, and more than sulphurous acid. 
Tts'salts will take the name of hyposulphates. ntgs A Sgt om, 
“Hyposulphuric acid is formed when we pass sulphurous acid 
meee water, holding peroxide of manganese in suspension. 

ie combination takes place immediately, and we obtain a 
solution perfectly neutral composed of sulphate and hyposul- 
phate of manganese. The hyposulphate of barytes being soluble, 
we decompose these salts by barytes, which is added in excess. 
A current of carbonic acid gas is then passed through the liquid 
to saturate the excess of barytes, and, by heating, to disengage 
the carbonic acid, which retains in solution a small portion of 
carbonate, we obtain the hyposulphate of barytes. ‘To obtain 
this salt quite pure, it is proper to crystallize it, because it may 
contain lime, from which the peroxide of manganese is not 
always free. By decomposing this salt with sulphuric acid to 
perfect saturation, we obtain hyposulphuric acid in an uncom- 
bined state. 

This acid has no smell even when as concentrated as possible. 
Its taste is decidedly acid. It does not seem capable of assum- 
ing the state of a permanently elastic fluid. When placed under 
the vacuum of an air-pump along with sulphuric acid at the 
temperature of 50°, it becomes concentrated without being sen- 
sibly volatilized. When it reaches the specific gravity of 1-347, 
it begins to be decomposed, sulphurous acid is exhaled, and 
sulphuric acid remains. When heated in a very diluted state, it 
giyes out pure water; but by and by sulphurous acid is disen- 
gaged, and sulphuric acid produced. The water-bath is suffi- 
cient to produce this decomposition. While cold, it is not 
altered by chlorine, concentrated nitric acid, or the red sulphate 
of manganese. It saturates the different bases, and forms solu- 
ble salts with barytes, strontian, lime, oxide of lead, and probably 
with all the bases....It dissolves zinc with the disengagement of 
hydrogen without being decomposed. It contains two propor- 
tions of sulphur and five of oxygen, and a certain quantity of 
water which appears essential to its existence when not united 
to abase. It was by the analysis of the hyposulphate of barytes 
that we were led to that of hyposulphuric acid. 

This salt forms: brilliant crystals in’ four-sided prisms termi- 
nated by a great number of faces. It undergoes no alteration 
AS) bd ré 

t 
£ 

he employed to procure ehlorine, and he remarked, contrary to the received opi- 
nion, that there was formed a neutral bisulphate, which he conceived to contain 
peroxide, as its base, Hementioned this fact to me, and requested me to examine 
it, We united together in my laboratory at the direction des poudres, to examine 
the subject.—G.-L, ' ‘ 

Vou, XIV. N° V. Z 
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in the air, nor even in a vacuum dried by sulphuric acid. 
hundred parts of water, at the _ temperature of 461°, diss r 
13-94 parts of this salt. “The sohition'is it altered by ch ping” 
The crystals decrepitate strongly. A ‘mnoderate heat is suffi ficient 
to decompose them; water and sulphurous acid is disenga eds 
and there remains 4 neutral sulphate of barytes: 100 a 
the hyposulphate well dried in the air lost 29-903 by esidtnorae:: 
and consequently left 70-097 of sulphate of barytes: 100. other 
parts of the same salt mixed with the chlorate and carbonate. of 
potash, and heated to redness in a platinum crucible, gaye, after 
being precipitated by the chloaide of barium, and properly 
washed, 138°300 of sulphate of barytes. This number is not 
exactly ‘the double of 70-097; but as it is very difficult not to 
lose a little of the salphate of barytes during the washing, we 
shall admit that the second number ought to contain the first 
number exactly twice. Cn this supposition, the hyposulphate 
of barytes may be considered as formed of one proportion of 
barytes, one proportion of sulphuric acid, and one proportion of 
sulphurous acid; and if we caleulate the ratio of these elements, 
taking 5:0 for sulphuric acid, 4:0 for sulphurous acid, and 9*7 
for barytes, we find for 160 of the hyposulphate 70°12 of sul- 
phate of barytes, instead of 70-097. The quantity of water may 
be determined from the difference between the weight of the 
salt and that of the sulphate of barytes and sulphurous acid 
extracted from it. We find from this analysis that the hype- 
sulphate of barytes is composed of 

Rat’ 

1 proportion of barytes. ............ 9700 
1 proportion of sulphuric acid. 2... J. 5000 Ss 
1 proportion sulphurous acid ........ 4°000 
2 proportions of water. :.......00.64 2264 iseoqyl 

Or of 

1 proportion of barytes. i i bitin a 9-700. , 
1 proportion of hyposulphurous acid, sp O00 sie 6 
2 proportions of water... 06s. -5 nie: RTE eM Bleicy 

Consequently the hyposulphuric acid, which neutralizes one'proe 

portion of base, is formed of dqlveoqyE 
Wwis9e29ul 

2 proportions of sulphur... eI ied phone tam aid “40 Ai pons . 
5 proportions OF OXVEOM tentinnil ep open a De VA Oh rx 
and its equivalent TORR RIAMTNG. cdo Sabid cane S0ih99907 iy) 

Thus we have av acid which neutralizes the bases very well, 
and whose bases remain in the state of neutral sulphates on 
losing one pr oportion of sulphuarous acid. Te contains the same, 
proportion of sulphur as hyposul; phurous acid, and 2 1 times ¢ as 
much oxygen. These two acids must constitute a particular me 
group among the ‘acids of sulphur. Sulj phtrous: and s sul yur Bie 

acid will form another. “This: distinction’ IS hecessary, because, 
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the quantity of sulphur in each of these groups is different, and 
we cannot express their composition in-terms of the same series, 
The salts of each group have likewise a much greater relation te 
each other than to those of the other group. 
‘The following table, exhibits the composition of the different 

acid compounds of sulphur and oxygen : 

Hiyposulphurous acid... .... 2 prop. sulphur and 2 prop. oxygen 
Hyposulphuric acid. ...... 2 5 
Sulphurous acid .... 600... 1 2 
Sulphuric acid. .......... 1 3 

Or if we prefer to consider the quantity of sulphur in each acid 
as,constant, the oxygen combines with it in the following pro- 

Portions ; 
a atel 15:2); 2°55 Be 

Let us now return to the properties of the hyposulphates. If 
‘we pour upon one of these salts sulphuric acid, so much diluted 
that.it will produce but little heat, we perceive no particular 
peg ween ; but if we heat the mixture, or if the sulphuric acid 
e concentrated, sulphurous acid is immediately disengaged: 

This result is easily understood. At a low temperature, the 
hyposulphurie acid preserves its permanence ; but as has been 
observed already, it is decomposed into sulphurous and sulphuric 
acids at a temperature somewhat elevated. The-solutions of the 
hyposulphates do not alter, or at any rate alter very slowly, 
when exposed to the air. 

Hyposulphate of potash crystallizes in cylindroidal prisms 
terminated by a plane perpendicular to their axis. 

Hyposulphate of lime forms regular hexahedral plates grouped 
usually in roses. 

The crystals of hyposulphate of strontian are very small. They 
appeared to us to have the form of six-sided plates, whose edges. 
are alternately inclined contraryways, similar to those which 
would be formed in an octahedron by sections parallel to two of 
its opposite faces. 

Hyposulphate of manganese is very soluble, and even deli- 
quescent. We may take advantage of this property to separate 
it from the sulphate formed at the same time with it, when per-- 
oxide of manganese is dissolved in sulphurous acid. | In this way 
of proceeding, we lose a much smaller quantity of barytes for 
saturating the solution. It is true that for this object we may 

nploy various other bases. ; 
Baris of sulphate of manganese ih the circumstances 

just mentioned, appeared to us to deserve a particular examina- 
tion; but we have hitherto been able to make only a few imper- 
fee Sarees. From the composition of hyposulphuric acid , 
and of peroxide of manganese, it would appear that we ought to 
obtain either neutral hyposulphate of manganese, or sulphate. 

Z 2 



356 Mr. Bartlett on propelling Vessels [Nov. 

The oxide, of manganese made by meahs of'chlorine hardly dives 
any hyposulphate. Perhaps the oxide which we employed was 
not at a maximum of oxidation ; and probably in ‘this respeét 
there isa great difference between different oxides of inane Se. 
We have,not been able to obtain hyposulphuric acid by tré titig 
with sulphurous acid the hydrated peroxide of barium,’ 6¢ ‘the 

- brown oxide, of lead, though these two oxides present a conipo- 
sition analogous to that of peroxide of manganese. beh Spa 

We. shall conclude by stating the essential characters“of 
hyposulphuric acid, and of its salts. al YH 
poasiines acid is distinguished from the other acids of 

sulphur by the following properties : ash ie 
1, It is decomposed into sulphurous and sulphuric acids when 

exposed to heat. 2 chit tegrs 
2. It forms soluble salts with barytes, strontian, limé; ‘lead, 

» and silver. sgh 
The characters of the hyposulphates are : VEBQ Y8- 
1. They are all soluble. {MOO 256 
2. They only yield sulphurous acid when their solutions are 

mixed with acids, if the mixture becomes hot of itself,’ or be 
artificially heated. ogsval b 

3. They disengage a great deal of sulphurous acid at 4 high 
temperature, and are converted into neutral sulphates.) 

IL BY 

TO 

ARTICLE VI. 

On propelling Vessels hy Means of Windmill Sails.’ 
By J. M. Bartlett.* . MBL 

Iz is, but reasonable to conclude that the honour of itiveiiting 
steam-boats (now no less a subject of controversy betweeéti‘indi- 
viduals, than nations) will soon cease to occupy the attention of 
amankind ; for smce experience proves their inutility, except to a 
very limited extent, reason Very naturally rejects their adoption. 

Nor is it to be wondered at ; for, whilst the exparisibility of Stéam 
renders, it, a powerful’ agent, it makes ‘it, ‘at the sitne'time, a 

-wery dangerous auxiliary to the wants of manf°! © 1! vise 
» » Butt is not the insecurity alone, attet dant on ‘its 6perAations, 

_. which, lessens the impoytance of steam, as a ‘propelléi of fodting 
_.bodies.,.many causes cqmbine to render it ‘eithes niefcidnt or 

ev fampractible, ,,, The; /i el which jwould’ bé'requitea ot a Waswel of rt oe. US ESPYs OG Disow Coulw"yiooley to 2eso 
il Recedalegas POl PIIWGd ¥O Dotaithim iwogedityiyt: ¢ 
ont re i Y a! SE ee Ree Tee ERIM Any Whechcal aberewtchewsepi 

spay ony testa, Bat do not know yh chert fiapess ie pp FS 

sa se in ER PN gees ber ket 
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eany, considerable burden, to perform a moderate voyage even, 
eWould leave but little space for freightage!’ However extraordi- 
»mary,this, may appear, it. is nevertheless indisputable ;'to prove 
gwhich,, I will instance a boat of 80 tons (said to be the most 
perfect of its kind) which navigates the Clyde, propelled by an 
engine of 14 horse power, and which consumes 11 ewt. of coals 
per hour! The quantity, therefore, which would necessarily be 
required for a ship to perform, as stated, a moderate voyage 

} only, is almost incalculable, particularly as the increase of velo- 
. city is not in proportion to the increase of the power of the 
| steam-engine ; for the resistance, to which a boat is subject, 
increases not in an arithmetical proportion, but in proportion to 
the squares of velocity ; in other words, to make the same vessel 
move with 10 times a given velocity, it requires 100 times the 
power.* 

Again, it is known how ungovernable a steam-vessel is, when 
any part ofthe machinery chances to be deranged ; when, therefore, 
its complication is considered, and the vessel’s dependence upon 
that. power alone, the danger of navigating oceans like the 
Atlantic or Pacific, becomes multiplied in a ratio, equal to the 
distances of the ports of departure or destination. In fact, 
numberless causes may occur to retard a vessel’s progress so 
propelled ; so that steam, in this instance, can derive but little 
value from the circumstance of its being independent of the 
operations of winds and tides. 

Indeed, the propulsion of ships of any considerable magnitude, 
by that power, to answer a profitable purpose, seems no longer 
tenable, even upon paper; and, however theoretically ingenious, 
we can only lament that it is not more practically useful. 

The object of the present address is to suggest the employ- 
ment of windmill sails as substitutes for steam, in giving motion 
to the paddles: by this means a power, at least equal to that of 
steam, may be obtained; and as those sails are at all times 
capable of being turned to the wind, to receive its impulse, the 
advantages of sailing against wind and tide will be retained, the 
cost, of machinery very considerably lessened, the expenditure. 
and inconveniences of fuel saved, and the danger, in comparison 
with steam, rendered as nought. 
Of the practicability of the measure, I conceive it only neces— 
sary for a person (however ignorant he may be of the mechanicak 

-,, power of the lever) to witness the sails of a wmdmill in motion 
tobe convinced; but an accession of force would be obtained 
by, the employment of this power to the Lie arr of navigation, 
which, if I am not mistaken, is new in physics—I mean the ex- 
cess of velocity which would be acquired by progression, thus. 
constituting power multiplied by power ; for no sooner would the 
wis inertia of the body to be propelled be overcome, than the 

* See Rees’s Ency, Art, Steam-boat. 
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sails, I apprehend, would derive an additional impetus fromjthe 
-vessel’s velocity. fog 9 te 

Whether or not this hypothesis be founded on a just datum, )I 
‘am not prepared to dispute, nor is it necessary to my purpose to 
‘prove an acceleration of motion ; for, as the sails of a windmill 
move with a velocity nearly equal to the squares of the velocity 
‘of the wind, a maximum of effect may be produced equal to the 
‘end proposed. 

To) pursue ‘the subject of the address; and which I shall,do 
more by reference to a power familiar to all than by any mathe- 
matical demonstration of mere speculative opinion, i assume 
(and it is not too much) that one set of common windmill sails 
is equal to a steam-engine of 20 horse power ; consequently is 
«apable of propelling a vessel of 120 tons (as that power has 
been found to do) at the average rate of six or seven miles, per 
hour, against wind and tide. If, therefore, one set impart a 
amomentum equal to the propulsion of a vessel of moderate bur- 
den, three sets, placed longitudinally, as the masts ofa ship; and 
‘acting independently of each other, with corresponding water~ 
wheels, must impart momenta equal to a steam-engine of 60: 
horse power, or the propulsion of a ship of very considerable 
dimensions. This is but a common inference deduced from 
known and acknowledged data, and which will, I conceive, 
render the proposition self-evident. But, supposing the means 
proposed to be inadequate to the end, an excess of power may be 
obtained, as i will presently show, by the scientific application 

oved 

‘of those means, which would greatly exceed any sum of force . 
which might be required. The extremely rude construction of 
the windmill sails in common use has often attracted the atten- 
tion of men of science; and the only way to account for that 
species of mechanical power remaining unimproved for centuries 
is, that a quantum of force was probably thereby acquired sufli- 
cient for the purposes for which it was employed.* ‘That this 
power might be mcredsed, I will cite the following, out of nume- 
rous authorities, to prove ; at the same time I beg it to be under- 
stood, that it is far from my intention (although the subject may 
almost demand it) to swell this paper into an essay on windmill 
sails. Ferguson} very ingeniously suggests, that as the end of 
the sail nearest the axis cannot move with the same velocity 
which the tips, or further ends, have, although the wind'acts 
equally strong, a better position, perhaps, than that of stretching 
them along the arms directly from the centre of motion, might 
be, to have them set perpendicularly across the further ends of 
the arms, and there adjusted lengthwise to the proper angle ; for 

_ #n that case both ends of the. sails would, move with the:same 
P ' beg ; ga | ; 5 edige? ai) zdi £80k 

: * According to Ferguson this is the case; for le shows that if the stones of a 
mill revolve more than 70 times per minute, they pulverize the brah with the 
flower. 

t Lect, on Mech. p- 52, 
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velocity, and being further’ from the centre of motion, they would 
have so much the more power. M. Parent, however, ‘considers 
‘that the figure of the sails of a windmill ‘should be ‘elliptical to 
“Feceive the greatest impulse’ from ‘the wind ; anda windmill with 
‘gix' elliptical sails, le shows, would have more power ‘than one 
‘with four only, as the force of the six would be greater than that 
Of the four in the ratio of 245 to 231. 

The same author also considers which form among the réctan- 
lar sails will be most advantageous, i. e. that which shall have 

thé product of the surface by the lever of the wind, the greatest, 
The result of this inquiry is, that the width of the rectangular 
‘sail Should be nearly double iis lengih; whereas usually the 
Jeneth is made almost five times the width!* The following 
peculiar construction of the sails-of a windmill used in the vici- 
nity of Lisbon, merits notice from its being, accordmg to the 
opmion of Lord Somerville, superior to those used in Great 
Britain. ‘Their advantages are thus detailed by iis lordship: 
ii The broad part of the sail is at the end cf the lever, and thus 
‘an’ equal resistance may be overcome with less length of arms. 
2. The sails, constructed upon this plan, may be set to. draw ina 
Manner similar to the stay-sails of a ship; and as they are 
‘swelled more than those of common mills, they render it unne-— 
céssary to bring the mull so frequently to the wind—a practice 
attended with considerable ‘ 
trouble. The annexed sketch 
will; perhaps, convey a better 
idea of its utility ; and at the 
same time of its applicability 
© nautical purposes. 
Windmill sails may also be 

made to act horizontally. A 
scientific mill was, some time 
since, constructed at Battersea, 
‘on the principle, I conjecture, 
of ‘the wind-towers of the 
Asiatics, only that a number 
of horizontal sails révolved 

_\* For the following caleulation respecting elliptical sails, Lam indebted ito a 
riend. ‘Af the sails of a windmill furm a complete ellipsis, whose transverse 
didmeter is 80 feet, and conjugate 64, and are so disposed that the conjugate, or 
Fatherise:ni-cunjegate, forms the length ef the ariksy and by this disposition receives 
the whole force of the wind, and loses none, iLib hen to be observed that these sails 
saprace a surface, or rather present to the winda surface of 4,021,248 square feet; 

i, admitting the wind to be brisk, or what nantical men term ‘a snug breeze,’ 
the Windiat that vate acts with a foree of about a'pound on each square fool, or 
4021 Ibs. on the six sails combined; or supposing, for argument, the dimensions or 
surface of the sails equal, 670,203 lbs. on cach sail, Now, as the sails are alever 
of the first order, of course the power of each sailisin proportion to the lengthof 
the lever (or the circumference described by it), compared with the semi-axis (or 
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around the same shaft.* » Query. Might:not those sails; or even 
those ofthe Portuguese windmill; be advantageously’ employed 
aseauxiliary’ means (should such be foumd-tequisite. 'to- propel 
ships of the’ greatest dimensions) as the stud orStay-sails,:to: of 
ships are in light breezes:?:and mstead'of/being confined,toithree 
rectangular, or elliptical sails, might nat the number be mereaséd 
to embrace a surface nearly equal to the present sails of a ship 
when set? Independently of those means, or the improvement 
of the common rectangular sail, a considerable accession of 
force, I am convinced, might be obtained by an attention to the 
construction and more scientific application of the paddles 
themselves. The present form was adopted in the infancy of the 
invention of steam-boats; and, although numerous experiments 
have been tried without, unfortunately, any practical good having 
resulted from them; it is yet evident that much remains to be 
done. From the circumstance of half the wheel only being sub- 
merged at any one time during its action, it follows. that the 
wind must oppose a very considerable resistance to its rotatory 
motion’; the effect of which may be more easily conceived when 
it is known that it performs upon an average 40 revolutions;per 
minute: Hence an incalculable advantage would ‘be obtained 
could'the paddles be brought to present a smaller surface to|the 
retarding force of the air, similar to the oars of a boat, which are 

-said to be feathered when their edges alone are opposed. to'the 
wind during the interval of the strokes, As my present, propo- 
sition is to apply another power to the machinery in use, I will 
trust to experience more matured to suggest.a remedy for this 
defect in the mechanical propulsion of vessels by steam or other- 
wise.’ A fewrof the advantages which this. plan, if adopted, 
would possess over steam, have been already detailed; that it 
would: possess as. great a‘ superiority over the present mode of 
navigation must be equally evident; for, whilst it would share 

with steam the ‘smgtlar advantage of sailing, against) windj or 
tide, whereby navigation may be rendered |comparatively safe, 
the simplicity of the method proposed would render it infinitely 
preferable to both, Masts, sails, ropes; spars, &Xc. form|.no 
inconsiderable share of the sum total of;a vessel’s cost; and. to 

a maritime nation, they, become: of national, importance, when 

derived fromforeign sources. coiiuloe siulth « socnsor sail al 
«© What the author now submits to,the public |is at. best but,.a 
jhasty) sketch: ( Hewhas|omerely embodied; those ideas, which 
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_ rapidly occurred..to himidn:a/ first)view of the subject; and as 
his,otily object is:toccourt an ivestigation,.ofa plan| which, if 
Successful, must tend,;in so great \a degree, towards the, ad- 
Yancement of the) interests and: happiness of .mankind, he 
‘sincérely trusts that it‘willnot be deemed, altogether undeserving — 
bhexpemmentsd cin odi jon tdetar ali asians 
qida RT rule: it ot } } , 
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eo Axricis VIL. 
olNfethod of making a fine Purple Colour for painting in Oul* 
“BY his Excellence the Count Le Maistre, of St. Petersburgh. 
bee qui f 

ie OF 2 (To Dr. Crichton.) 
sOff2 © 

odt +SER, St, Petersburgh, May19, 1819. 
vyidiwow send you the details which you requested respecting 
fy! experiments on the oxides of gold.» My object in making 
thém was to procure an unalterable purple colour, which could 
herettiployed in oil painting, and which should be equally beau- 
fifa with that of the purple of cassius when it is fused,on enamel 
einen 

ainters have often tried to employ the purple of cassius with 
oil or with water; but when mixed with oil, it is destitute of a 
body, and gives dirty and disagreeable colours. [tis used with 
gum ‘for dark shades, and in the same way as the common lacs 
niixed with a little black without ever obtaining a purple colour. 
>The oxide of gold in its nitro-muriatic solution has 4 natural 

disposition to pass to purple. Not only tin gives it that colour, 
bat its combination’ with gelatin, with starch, and with several 
éf'the earths, has the same shade: of colour. anite 
10 Tf we boil a-weak solution of ‘starch with afew drops of the 
nitroniuriate of gold, we obtain a precipitate similar in colour to 
that of'cassius; but it retains its purple colour only while moist, 
4fid‘ becomes violet when’ dry. Size (a colle de gand legere) 
fiixéd’ in’ ‘small quantity with the solution of gold becomes 
Purple after beme exposed for some days to the air. oy jen. 

In like manner, a dilute solution of gold mixed ‘with’ different 
€aithy ‘salts}° and precipitated by: carbonate ‘of isoda, furnishes 
asiitttires’ of the earths and oxide of gold, ‘whith become purple 
when exposed to the requisite degree of heat. 
»« This is the-principle upon, which, the, composition of the new 
golouris founded. After numerous trials with different kinds of 

ee ee a eee cor ay tur the awith, alumina,, when, heated, sufficiently, ‘gave by’ fur the 
 Aairint to 

* Lain indebted for this valuable paper to Dr, Cichton, Physician's O¥eibary 
to the Emperor of Russia, : 

y 
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-finest shade, and that the more concentrated te solution ofthe 
‘alumina was the nearer did the shade approach to purple. >! 

The oxide of gold thus precipitated with the earths combines 
with them in different manners, according as the solutions are 
more or less diluted with water. When the ‘sulphate of alumina 
is dissolved in a great deal of water, the precipitate of gold’ and 
alumina becomes bluish, and sometimesrose red, when dried; 
and when exposed to the fire, produces only a viciet colour: TH, 
on the other hand, we dissolve alum in as little water as possible, 
the auroaluminous precipitate is yellowish, and becomes purple 
when exposed to the action of heat. i found in the course’ of 
these experiments, that sulphate of barytes, when mixed with 
the alumina, gave it a body, and increased the lustre'of the 
colour. In consequence, I finally adopted the following process : 

One part of dry muriate of alumina, one part of sulphate of 
magnesia, four parts of muriate of barytes, and five parts of car- 
-bonate of soda, are each pulverized separately. The pounded 
‘salts are mixed in a glass mortar, and a little water is added, 
‘merely enough to moisten the mixture. Then a diluted solution 
of gold is added by little and little, pounding the matter all the 
time in the; mortar, till the whole has acquired a light sulphur 
yellow tint, and the consistence of cream. The poundirg is 
continued a long time to produce the decomposition of the ‘salts 
“with as little water as possible. When to more effervescence is 
perceptible, and when the salts cease to creak under the pestle, 
a sufficient quantity of water is to be added for the complete 
solution of the salts. This tedious process is essential to unite 
the oxide of gold with the earths, and the whole success of the 
operation (which is pretty capricious) depends upon it. The 
precipitate is to be left for 24 hours in the mortar, stirring it 
from time to time with a glass rod. It is then to be poured into 
a saucer, or other similar vessel, and left till the powder subsides. 
The supernatant liquid is then drawn off with a syphon. The 
ra is then dried in the shade without washing it. ~ 
'_ The specimen (a), which accompanies this letter, was made in 
this way. I have employed it in painting the draperies of small 
pictures. NOC 

The precipitate, when dried, is yeilowish-white. The muffle 
in which it is to be baked ought to be red-hot. The powder is 
put upon a silver or porcelain plate, of the thickness of one or 
two lines ; and it must be’ withdrawn’ from the’ fire the ia$tant 
that it acquires its purple colour. If it beleft too long exposed 
‘to heat, it acquires a tinge of violet. ‘This is occasioned by the 
“salts which it still contains; for after it has been washed, it may 
be kept red-hot without losing any of its colour, which indeed 
acquires’ greater lustre: These trials ‘were’ made on’ a ‘small 
scale, and are certainly susceptible of being improved, by exa¥ 
mining with more care the proportions Of salts which should’ be 
employed. Though this lake appears to “want intensity, the- 
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mixture of oils or, gum renders it sufficiently dark ; and expe- 
rience has shown that it will answer for all the occasions: which 
painters can requite.))..) | Levee 
», [have in vain attemptedto obtama colour of greater intensity 
by increasing the proportion of gold. The shade acquires more 
of the violet as it becomes deeper, as may be seen in the speci- 
men (6), which may be employed with advantage in painting the 
‘shades. ingeneral,the violet-purple tints are very easily obtained ; 
all the earths furnish them; but it is very difficult to have the 
true purple of the specimen (a) by any other process than the 
one which i have described. 

For oil painting, this colour must be carefully rubbed with a 
mixture of drying oil and varnish. The painting is to be begun 
by.a thin transparent coat. A second coat is sufficient to give 
it all the lustre of which it is susceptible—a lustre which is equal 
to the ordinary cochineal lake. The under coats (les dessous) 

- ought to be prepared with rough terra de Sienna. 
‘his. unalterable colour is particularly useful in miniature 

painting, and may be usedinstead of cochineallakes in carnations. 
A mixture of it with vermilion gives beautiful tints; and light, 
which gradually destroys the ight shades of carmine, has no 
effect whatever upon gold purple, which is capable of resisting 
both the action of fire and of light. 

A detailed memoir of these experiments was presented in 1818 
to the Academy of Sciences of Turin, and it has been ordered 
to be printed in the last volume of its collection of memoirs. 

Accept, Sir, the assurance of the most distinguished cousider- 
ation with which I have the honour to be, Sir, 

Your very humble and obedient servant, 
The Count pe Maistre. 

ARTICLE Vill. 

Sone Observations on the Action of Nitric Acid on Lithic or 
‘Uric Acid, in Reply to}M. Vauquelin. By W. Prout, M.D. 
F.RS. &e. oflb 

_ Upwanpns of twelve months ago, Ll was informed that M. Vau- 
quelin had been repeating my experiments on lithic acid, and 
had not been able to succeed in forming purpuric acid. Since 
that time, i have been waiting with some degree of impatience 

to, see what this celebrated chemist had to say on the subject. 
At length a notice has, appeared in the lastmumber of the Royal 
Institution Journal, to which 1 now purpose briefly to reply. 

_ In, the first, place, M. Vauquelin denominates me a repeaten of. 
. Brugnatelli’s experiments-—a term calculated to convey.an 
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erroneous impression. I did not repeat: M. Brugnatelli’s:expen- 
ments. My experiments were made, and ymy ‘paper /onithe 
subject read at the Royal Society, before I: had ‘seen orneven 
heard of M. Brugnatelli’s Essay.* Secondly, the erythric:acidbof 
M. Brugnatelli differs altogether in its properties fromthe |pur- 
puric acid—a substance which M. Brugnatelli had neversupposed 
to exist, as any one may convince himself who:chooses to consult 
his observations. What I consider as the erythric acid of 
M. Brugnatelli may be thus formed: Dissolve pure lithic acid in 
a slight excess of nitric acid: evaporate the solution slowly, and 
put it by to crystallize in a warm place. ‘Transparent colourless 
erystals will be speedily formed, having all the properties 
ascribed to them by M. Brugnatelli. These crystals are also 
formed when purpuric acid or purpurate of ammonia is dissolved 
in nitric acid, and treated in a similar manner. I am not quite 
satisfied with respect to their composition, but at present I con- 
sider them-to be a quadruple salt, formed by the union of super- 
nitrate and superpurpurate of ammonia ; or they may be a simple 
compound of nitric aud purpuric acid. This salt I had very 
frequently formed, but had not attended much to its properties. 
I had also recognized the formation of another a which 
was probably the same as that described by M. Vauquelin. 
This latter, however, I had not examined at all. I allow, there- 
fore, to M. Brugnatelli, and especially to M. Vauquelin, the merit 
of having discovered and described the principles respectively 
claimed by them; reserving only to myself the discovery of 
purpuric acid—a principle dittering distinctly from both the others, 
the curious and interesting properties of which absorbed my whole 
attention, and prevented me from extending my researches 
further at that time. I intended indeed to extend the inves- 
tigation further at some future time, and have in fact done:so ; 
but not being guite satisfied on some points, I shall not enter 
upon the subject at present. 

{ am sorry M. Vauquelin has gone so far as to deny the 
existence of purpuric acid. To convince him of his’ error, I 
thought the shortest way would be to give him an opportunityjof 
seeing the substance and of examining its properties. _Accord- 
ingly t availed myself a few days ago of an opportunity of trans- 
mitting to him a smali quantity of purpuric acid, purpurateyvof 
ammonia, and pure lithic acid. ‘S 

In conclusion I may remark that I attribute M. Vauquelin’s 
want of success to his operating upon an impure lithic acid. It 
is difficult to obtain purpuric acid from the lithic acid constitut- 

__* ly paper on purpuric acid was read at the Royal &ociety, June 11, ISIS. 
‘The translation of M. Brugnatelli’s paper did not appear in the Phil. Mag. Gee 
Othe number for July,'1808, vol. 52) till the following month, which was the medium 

} throughiwhich I became acquainted with M. Brugnatelli’s observations, Theoxiginak 
paper, which I haye not yet seen, appeared, I believe, in the Giornale di Fisica 

* for the months of Jan, Feb, March, and April, preceding, aT S 
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amg human calculi, \even\when purified as well as, possible in. the 
adanner :commonly ‘necommended,., I, always. used|in my, ex- 
(perments pure lithic acid,| prepared from the excrements of the 
'sevpent exhibited) asi|the» boa ‘constrictor, from) which ‘purpuric 
-acidl may be readily obtained: by the method pointed. out in miy 
‘paper,’ ae . “h 
ilpanoo a Sire 
to bro , 
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vals -on1 
A Critical Examination of the first Principles of Geology; in a 
sjiuSertes of Essays... By G. B. Greenough, President of the 

» Geological Society, F-R.S. F.L.S. London, 

ISqe | . (Continued from p. 309.) 

gaiee bis) Il. On the Figure of the Earth. 

9 Puis essay contains a very learned and elaborate discussion 
‘nespecting the cause of, the inequalities which at present exist 
upon the surface of the earth—a subject which has been very 
much discussed by geologists, and respecting which a great 
vaniety of opinions have been advanced. If we were disposed 
to look out for faults in this elaborate essay, which exhibits 
«much learning and. much practical knowledge of the structure of 
the crust of the globe, we would remark, that it is rather defi- 
ciént in that precise arrangement, that /ucidus ordo upon which 
aivery great portion of the value of scientific writings depends. 
The reader, before he can appreciate the value, or even under- 
stand the full amount of the information communicated, must 

‘be nearly as well acquainted with the subject as the author him- 
self; yet surely it is not for those who are already proficients in 
geological investigations, that these essays are intended ; but for 

' those, who have not yet made up their minds respecting the great 
/opomts under discussion, and have not Yet enlisted|themselves 
-lunder, the: banners. of any leader... Inja, science abounding, like 
geology, in many vague and conjectural speculations, concerning 
‘owhich;, absolute certainty being, outof the question, we must 

rest satisfied with ingenious reasonings, or plausible conjectures, 
© atlis;not /likély, that any essay, however, learned. or, accurate it 
iimayibe, will be:capable of shaking. the faith, of any staunch sup- 
-iportersof;a favourite creed,, ,.N 9, Wernerian. will give;up his 
formations, his chemical and mechanical deposits, his alternate 

nt regis and retstas Obthe original ocean in which all things were 
dissolved; ior, the. gradual diminution of the level of the diferent 

wrecks'according’to the order -of i their deposition. »«'The:faith; of 

soi Yeast “be shok eh in’ 'the»-voloanie: nathretof-basilt, one, and porphyry-slate, anid ai the, identity, of thesd take 
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with lava emitted froma burning mountain. No Huttonian will 
give up the notion that this globe had no‘ beginning, and will 
have no end ; that the ievel of the mountains is gradually sink. 
ing; that the rivers, and therain, and the weather, are gradually 
washing them down, and carrying them mto the sea; that they 
will be again hardened and elevated by a subterranean heat; and 
that granite, greenstone, and basalt, are the newest rocks upon’ 
the face,of the earth. All the attempts made by contemporary 
writers to shake the faith of Deluc in the doctrine of the subsi- 
dence of strata, im consequence of the great cavities originally 
existing in the internal parts of the earth, were unavailing. We 
may safely predict that this will be always the case nine times 
out of ten whenever attempts are made to improve a science by 
altermg the opinions generally received by the learned of the 
age. When Harvey demonstrated the circulation of the blood, 
his opinion, it was remarked, was not.embraced by a single 
medical man beyond the age of 40. How many years elapsed 
before the Newtonian theory of gravitation, now so firmly esta- 
blished, made its way even into the Academy of Sciences, a 
body of men who have always boasted not a little of their libera- 
lity ! Mr, Cavendish continued an advocate for the existence of 
phlogiston to the end of his life; at least he never publicly 
admitted the contrary doctvme, and chose rather to relinquish 
his. chemical investigations than. to acknowledge that the 
opinions which he had supported were erroneous. Were ‘it 
not that it would have an invidious appearance, it would! be 
easy to point ont some very recent and striking instances of the 
same line of conduct. 

These examples are more than sufficient to show that we have 
but little chance of altering the opinions of those who have been 
long devoted to the study of any particular science, and that the 
effect of new books and new views is almost wholly confined to 
those who are only starting into the arena of science, or at least 
have not set themselves up as masters and teachers. There is a 
pride of consistency which has a greater effect upon the minds ° 
of most men than they are willing to acknowledge, and which 
is generally sufficient to prevent those who have openly advo- 
cated an opinion, or set of opinions, from afterwards giving them 
up. Books of science, therefore, ought-always to be written’ im’ 
such a way that they mdy be understood by readers though they 
are not so much conversant with the subject as the writers | 

. : r A a m4) 
themselves, ‘This I consider asa mistake mto which our author © 
has inadvertently fallen. He seems to take it'for granted that 
his» readers are acquainted with all the subjects of discussion © 
whieh have occupied the attention of geologists, with the various |’ 
sects into which the proficients in this fascimating’ science have 
been divided, and with the different views which each leader; dr’! 
woiild be leader, ofaisect has advanced: This has prevetited'~ 
that rigid attention to arrangement which is always of so much 
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advantage, to, the, author, himself... The. Essay seems, to have, 
been, written at different, times, and with different objects in view, 
and. the subjects are. merely, placed, side by side,: or, rather one 
after.the other, without, suffigient attention to render the bond of 
connexion eyident,to.the reader. Hence a certain air. of obsou- 
rity.in which the opinions of the author are involved; and lam 
not sure ifhe has, beenalways able to avoid inconsistencies and. 
inaccuracies in his reasonings; but these, if they happen to 
exist, will be best pointed out in the analysis of the Essay to 
which I now proceed. 2 

The figure of the earth which it actually presents, is called its 
real figure. Its statical figure.is that which it would present if 
level with the surface of the sea. 

It,is, well known that the statical figure is an oblate.spheroid, 
and, that. mathematicians have demonstrated that this is the 
figure which it would have assumed had it been in a liquid state. 
The Huttonians, or at least Prof. Playfair, are of opmion that 
the earth had no beginning, and, therefore, that it never was 
liquid, but that it owes its statical figure to attrition and volcanic 
fire... .it,appears to me that the maccuracy of this opinion is 
capable of being shown by mathematical demonstration. 

Lhe real figure of the earth is known to be umeyen on the, 
surface; in some places rising into mountains ; in others sinking. 
into,,valleys. . These inequalities, when compared with the size 
of the globe, sink into absolute insignificance ; but: with regard. 
to man, they are of the highest importance, as his comforts, or 
probably his. very existence, depends upon them; for if there 
were no mountains, there would be no rain, and no rivers); and 
consequently the earth would be incapable of producing food for 
the,support of its inhabitants. Much discussion has taken place. 
respecting the cause. of these inequalities, Qur author is of. 
opinion that the valleys have been produced by the removal of 
matter, 1t,seems to, follow as a consequence from this, though 
our, author, no where states it, and indeed in the third tap 
expressly embraces the contrary doctrine—it seems to follow, 
> on that before the valleys were excavated, the surface of the. 
earth »was level, or nearly, so; which was the doctrine of Burnet. 

That valleys haye been usually formed bythe removal of matter, 
our, author, considers, as, established by the following considera. 
tions,;;, When, strata are horizontal, itis usual to: find opposite 
hills, of the, same elevation composed. of the same substances. 
Of this, various examples.are given ; but the fact is so common 

lt cannot have escaped the. notice of, the snost careless 
ryer,.. Lhe. strata, found, onthe, heights are wanting in the’ 

valleys... But if we follow. the beds whicl» occur in the valleys, 
we find them, running under the; hills, and \constituting a part of = 
their, substance... It,follows.from this,| that the valleys didnot | 
exist, at, fixet, but the) strata, continued without interruption till, » 

Homes Ose ik JiWis 
tT JStls 
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they were removed from those parts at present constituting the 
valleys. wa 

Another evidence that this has been the origin of valleys’ is, 
that when a vein or a dyke passes through a rock, it is not eut 
off by a valley, but appears again in the rockon the other side‘of 
the valley: indicating that at first it passed without interrup- 
tion through the strata which formerly filled up the valley before 
it was excavated. , 
We can very frequently observe the same coincidence in the 

nature of the soil, gravel, and bowlderstones, on the opposite 
sides of a valley. ‘eer a 

It is true that the coincidences here pointed out are’ not 
always to be observed, and Deluc made use of this want’ of 
universal coincidence as an objection to the doctrine that valleys 
owe their existence to excavation. But our author considers 
Deluc’s objection as of no force, because valleys often run along 
the line of the junction of two different rocks, and in such cases 
a coincidence cannot be looked for. ' 

Our author further observes, in corroboration of his opinion, 
that we often observe a correspondence in the position of strata 
on the opposite sides of valleys. This correspondence in ‘dip 
does not indeed prove that strata have been united, provided we 
find a different dip in the intervening space; but when two 
opposite cliffs correspond m every respect, we can entertain no 
reasonable doubts that they once were united. 

Bowlderstones, so abundant on the north side of the Alps, 
and on the south side of the Baltic, further evince the excava- 
tion of valleys. They may be often traced to the place whence 
they came.’ Of this, our author gives many examples. Thus 
the blocks of granite in Cheshire, Staffordshire, Shropshire, &c. 
may be traced to the Cambrian mountains. J may add another 
example which I believe to be rather uncommon. The merse, 
or low part, of Berwickshire, contains many bowlders' of ‘a 
greenstone distinguished by large crystals of greenish-white 
felspar. These bowlders may be traced to the cheviots which 
lie at a considerable distance to the south-west. gy mad 

Another proof that valleys have been excavated, and that they 
have been excavated by water, is, that very frequently the oppo- 
site projections and mdentations of the bounding’ mountains 
correspond: This fact was’ first noticed by Bourguet in’ 1729’; 
but did not attract much!attention till ilustrated by the eloquence 
of Buffon. Humboldt, when he says that this agreement may be 
observed ‘on the ‘opposite’coasts of the Atlantic, in the opposite 
projections and indentations of the old and’ new continents, has’ 
extended the doctrine’'too far. We can conceive no flow of 
water of such magnitude as to be capable of excavating the” 
Atlantic and ‘indentine thé*sides of the opposite continents. 
Sach zeneralizations' arée'too vane tobe of any utility,-and can - 
serve no other purpose but to mislead. "eve ia 
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‘Valleys usually, widen as they advance ;'but this is modified) 
by two disturbing causes. 1. The breadth of valleys depends, on 
the.comparative hardness:of the substances which bound them. 
Hence. where the bounding substances become harder, the valley 
may contract injits dimensions ast advances. 2, ‘The sizeand 
direction of a valley change as/often as it is juined by lateral, 
valleys. mit vOUty feo 

From the phenomena of valleys, it is obvious’ that they have, 
been formed by running. water, and consequently mountains’ do 
not.owe their origin to volcanoes. : 

It is a very common thing to observe a series of valleys 
including each other. Thus the valley of the Thames at London 
is contained in that of which Clapham Rise forms part of the 
boundary on one side, and the Green Park on the other, and 
this, again is contained in the large valley between Highgate and 
Sydenham. Arrived at these points, we find our. horizon 

bounded, by a chalk ridge still loftier. 
Another phenomenon from: which we derive the knowledge 

that a debacle, or flood, has at one time or other sweeped the 
present surface of the earth, is the vast quantity of alluvial matter 
scattered in such profusion over immense tracts of country. These 
matters have been derived from the breaking up of rocks situated 
on, a higher level than themselves. The largest masses are 
found nearest the parent rock, and they diminish in size accord- 
ing to their distance, The blocks and pebbles found at the 
greatest/ distance ave composed of the hardest and most inde- 
structible materials, Substances breaking into cubic. or hexa- 
gonal blocks are found at a greater distance’ than those which 
break into fragments with acute angles, Hence the reason why 
granite is found at such a distance from the parent rock, 
It is obvious that the blocks of granite found on the surface 
of alluvial tracts are too large to have been transported by ordi- 
nary rivers ; neither can we ascribe the excavation of valleys to 
the action of rivers ; for, 
) 1, Some valleys are dry, and could not possibly have been 
excavated by a river which does not exist. | 
ft The source of the river is often below the head of the 

val ey ; demonstrating that the valley existed before the river. 
3. The alluvial land often reaches far below the bed of the river, 

In.such cases it is evident that the river did not) excavate the 
valley ; on the contrary, it has been employed in filling up the 
valley, i 
z i Both exterior and interior valleys cannot be ascribed to the 

n of the same riyer,, rt 
\ . Rivers change their beds, and therefore are not fitted for 

esnevanions, : 
6. ad cannot be supposed to have formed their banks with-/ 

ora anne, been at one time without them—a, supposition which 
is absurd. STi58 
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Such are the arguments brought forward by our author to show 
that vaileys were not excavated by rivers. Some of them possess. 
force; but others, the last two, for example, seem to me to be 
of little weight. Perhaps, therefore, it would have been better. 
to have omitted them. Our author has not paid much attention 
to the rhetorical, or even the logical methed cf arrangement, nor. 
to a maxim of which reasoning authors should never lose sight, 
that whatever does not strengthen their reasoning im reality 
weakens it. e r 

Buffon ascribed the excavation of valleys to the ordinary 
action of the sea at a time when it covered the present surface 
of the earth. But our author is of opinion that this cause is ina-. 
dequate, and that they must have been excavated by a debacle, 
or deluge, which must have been universal, or at least exceeded, 
the height, of the highest mountain. , 

Pallas ascribed this debacle to the tremendous volcanic erup- 
tions, which, in his opinion, occasioned the Moluccas, Philip- 
pines, &c. to emerge from the sea. His reason for adopting this 
notion was, that he thought that it afforded an explanation of 
the existence of the bones of tropical animals in Siberia. Butt 
our author thinks the explanation insufficient, for the following, 
reasons : “ + 

1, Had the carcasses of tropical animals been wafted bya 
debacle, moving with violence sufficient to excavate valleys, and. 
waft along huge bowlderstones, they must nave been abraded 
and dashed to pieces before they reached the polar regions, of 
Siberia ; yet they have been found entire, and even covered with 
the skin and hair. 

2. Were we to suppose them to have moved only at the rate 
of 100 miles a day, they must have been putrid long before they 
reached their destination, which our author estimates at 36,000) 
miles. I am at a loss to, conceive the data, upon which, this 
calculation is founded. Were we to reckon a degree, of mean, 
latitude 70 miles, which is considerably aboye the truth, (the 
distance between the equator and the pole would only amount 
to 70 x 90 = 6,300 miles, which is not much more thanasixth 
of the distance stated by Mr. Greenough.) The, length, of a: 
meridional circle, surrounding the globe of the earth, and passing» 
through both poles, does tot much exceed 26,000 miles, ortwo- 
thirds of the distance which our author conceives, to exist 
between the equator and the pole. ;oUieoqar 

3. With the bones of the elephant and rhinoceros are interd 
mixed those of the elk, gazelle, horse, ox; buffalo, animals whieh 
inhabit northern climates. (alo 

4. Granting the debacle to have been occasioned by, the 
sudden elevation of the Moluccas, &c. no reason can be assigned, 
why it took a northern rather than a southern direction, © i) 

5. The rising of these islands would have been inadequate to 
have produced the effect assigned by Pallas. 
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Ofthese arguments, the only one which appears to me to pos- 
séss weight is the last. Before we can be mm a capacity to judge 
whether Pallas’s cause be inadequate or not, it would be requi- 
site to know the size of the islands alleged to have started out of 
the ocean, and the depth of the ocean in that part before their 
appearance. : 

Our avthor is as little disposed to admit the explanation of the 
origin of the debacle given by Su James Hall; namely, the 
elevation of our present continents by explosions. Such an 
elevation would doubtless have thrown the ocean into a violent 
agitation; but how this agitation could have excavated the 
valleys, and covered with alluvial deposits the very continents 
which were elevated above its action, is a question which does 
not admit of an easy solution. : 

Our author is of opinion that the universal diffusion of alluvial 
sand, gravel, &c. demonstrates that a universal inundation has 
formerly taken place. That these alluvial deposits abound in 
low-lying countries is a fact that admits of no dispute; but lam 
not aware of any evidence of the existence of these substances 
at’ great heights above the level of the sea. If any contidence 
ca be placed in Humboldt’s observations, no mountain exists 
in America above the height of 10,000 feet which is not volcanic. 
The Alps contain no alluvial deposits at great heights. The 
same thing may be said of every range of primitive mountains 
hitherto examined ; unless we were to consider small-grained 
granite and granular quartz as alluvial deposits. These mdeed 
are’ so’ connected with the other rocks, that if their alluvial 
nature were admitted, that of almost all other rocks would follow 
a$'‘@ consequence. But as our author does not consider the 
calcareous and other rocks which abound in fossils to have been 
formed by the debacle, but to have existed before that’ period ; 
neither can he admit the small-grained granite, granular quartz, 
&e. to have been owing to hisdebacle. Of course his argument 
for' the! universal distribution of alluvial debris remains unsup- 
ported. ath 
The universality of the deluge, he thinks likewise demonstrated 

by the universal occurrence of mountains and valleys. And 
certainly if'it be admitted that valleys were excavated by the: 
deluge, this argument is conclusive. | 
‘The figure’ of the surfuce hardly ever corresponds with the 

disposition of the strata and veins beneath it: ‘This shows that 
the’ figure of the surface has been altered ; but whether by a 
a by the gradual action of the weather, &c. is! not so 

ear. 

sOur author enters mto a disquisitiom respecting the structure 
ofthe surface of the globe. He thinks that towards the equator 
there is a belt of mountain that encircles: the earth ; while’ both 
to the north and south, these high grounds are bounded by low 

DAR 
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or sandy plains. I think it unnecessary to follow him in this 

He agrees with Deluc, Dolomieu, and Cuvier, in thinking that 
not above 5000 or 6000 years have elapsed since the period of 
the deluge. sph 

Before the deluge, he is of opinion that the order of things 
was nearly the same as at present; for the following reasons ; 

1. The earth must have moved round its axis. Hence the 
sun and planets must have existed as they do at present. = 

2. In the diluvian detritus, occur hones of the horse, ox, stag, 
&c. Hence these animals must have existed before the deluge. 
Of course the atmosphere, the climate, and the face of the globe, 
must have been nearly the same as at present. enisitat 

3. The other planets are spheroidal, like the earth, and, there- 
fore, must have had a similar origin. ya 

The earth must have been divided into land and water'before 
the deluge just as at present; for the remains of sea and land 
productions are universally diffused through the secondary rocks; 
but the situation of sea and land was probably different from 
what it is at present. Our author is of opinion that the antedi- 
luvian earth is now. covered with sea, and that our continents 
before the deluze were immersed under the ocean. In this 
notion, he agrees with Deluc and with the Huttonians. The 
occurrence of bowlderstones, &c. proves, he conceives, the non- 
existence of the Mediterranean, German, and Baltic Seas, at the 
time that these bowlders were deposited. I must acknowledge 
myself unable to perceive the force of this reasoning. 

The newest formations are intersected by valleys, and covered 
by alluvial deposits. Hence the deluge was posterior to the birth 
of these formations. Of course it was posterior to the interment 
of the fossil organic bodies which these rocks contain. Hence 
these fossils belonged to a former world. The deluge was pos- 
terior to the formation of mineral veins. We have no positive 
evidence whether the deluge happened before or after the birth 
of man. 

We are unable to explain the way in which the deluge hap- 
pened. Our author does not think that it can be ascribed to the. 
increase of water, or to the subsidence of continents. The water 
must have been in violent agitation. Probably the quantity of ; 
water at present existing, if violently agitated, would have' been. 
sufficient to produce a deluge. He is of opinion that the cause. 
was external, and seems inclined to ascribe it to the blow of a 
comet. Were we to enter into any speculations respecting so 
wild and hopeless a subject, a much simpler cause might be 
assigned ; namely, the alteration of the axis of the earth from. 
the equator to the poles. This would have covered all the old 
continents, and set new continents above the level of the sea. 

a 
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At “would have produced an enormous agitation, and would 
explain the seeming alteration which has taken place in the 
northern climates. 
., Such is our author’s reasoning on the debacle or deluge. It 
possesses considerable plausibility as he has placed the argu- 
ments. But [ have no doubt that Deluc, were he now alive, and 
in the vigour of his understanding, could write an equally plau- 
sible refutation of the whole essay; that Sir James Hall could 
give an air of plausibility to his doctrine of elevations ; and that 
Mr. Jameson could state very plausible reasons for supposing 

‘that the mountains and valleys either existed originally, or have 
been produced by the gradual action of the weather. The sub- 
ject does not admit of precise reasoning. I consider it as but of 
second-rate importance, and am of opinion that those persons 
who confine the science of geology to such speculations mistake 
its, true nature, and rather injure than promote its progress by 
alling off the attention of its cultivators from the investigation 
of facts to loose discussions which are not susceptible of aceu- 
gate demonstration. 

(To be continued.) 

ARTICLE X. 

Proceedings of Philosophical Societies. 

ROYAL ACADEMY OF SCIENCES AT PARIS. 

An Analysis of the Labours of the Royal Academy of Sciences 

Wena during the Year 1818. 

(Continued from p. 225.) 

“Memoirs read to the Academy, but which have not as yet beer. 
a ted transmitted to us. 

_ge@nsthe Motion of Elastic Fluids in Cylindrical Tubes ; by M. 

JAP EPABY BSE 
soi Notice, on, bringing the Colorigrade to Perfection; by 

M, Biot. Shige i 
gode3 the Usefulness of the Laws of the Polarization of Light, 

4p, finding the State of Crystallization, and of Combination i 
+ 9) 

those Cases where the Crystalline System cannot be observed 

dp.a direct Manner; by M. Biot. 

ad df! Printep Works. 

a Sxercises on the Integral Calculus ; Construction of Elliptic 

ables; continuation of vol. iiii—M. Legendre continues 

‘his vast and useful labours. The determination of the 

functions E and F, according to the different values of the 
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amplitude, and module is the object which he investigates 
in this continuation of his researches.“ This may be obtained, 
either by means of a table constructed for each given»vakue 
of the angle of the module, or by means of a systeni of 
tables, which shall be constructed according ‘to the variation, 
by equal and sufficiently small intervals of the amplitude and the 
angle of the module.” The author discusses the advantagesiand 
difficulties of each of these methods. The second supposesa 
task, which it would take a long time to execute. » To lessen 
in some measure the difficulty, his tables 8 and 9 offer aprepata- 
tory labour to calculators, which may also partly supply: the 
want of more extensive tabies; but as they proceed only from 
one degree to another, either of the amplitude or of the angleof 
the module, their imterpolation will necessarily be more difficult, 
or less exact than if these intervals were smaller. C108 

{n order to avoid double interpolations, it would be necessary 
to return to the first method; but the calculation of this stable 
would be so long that there ought to be a great number of 
functions to calculate upon the same module, to induce one to 
undertake so considerable a preliminary work: to attain. the 
same end with greater ease, the author shows that a table of only 
a few lines, formed upon a given module, will serve to calculate, 
as far as 10 decimal places, or more, the functions E and F 
correspondent to any value of the amplitude ¢ ; and that) it. will 
be sufficient for this purpose to add to the common mode of 
calculating the interpolation, that of some very easy trigonome- 
trical formulz. This method may be rendered still more simple, 
if the calculation is confined to seven decimal places; but itis 
explained in detail, and applied to examples, with the utmost 
care, in order that the exactness of the results may be warranted 
as far as the fourteenth decimal place. This precision may 
probably never be required: it is the utmost limit of exacthess 
which can be obtained by the tables now known. The tables of 
the logarithms of numbers, by means of some artifice in caleu- 
lation, would show it to the 20th or 22d decimal places 5) but 
beyond that number, common arithmetical calculations must ibe 
resorted to, by which alone, an indefinite degree of exactness 
may be obtained. WeyeR 

_ Such is in substance the) introduction placed by the author: at 
the beginning of a work, of which itis impossible for us to gine 
a neater or more complete idea. ‘The reader will find it rich im. 
formule, in acute developments,and in subsidiary tables: senupu- 
Jously calculated, some to 10, and others to 14 places:of 
decimals, with differences as far as the third or fourth orderi 

IMistory of the Astronomy of the Middle Ages, pp. 700, Ato. 
with 17 plates, by M. Delambre.—The author jcalls the middle 
age of ustronomy the interval between the period) when «the 
Greeks ceasing to write had their place supplied by the Arabians, 
Persians, and Tartars, and that, when Copernicus, restoring ito 

- 
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athe earth the motion which had been falsely attributed to the 
sun, merited the appellation of being the founder of modern 
astronomy. 

The Arabians preserved religiously the theories of the Greeks, 
.and made no change either in the form of their instruments, or 
an'the manner of using them; but they had them much larger 
‘and better divided ; the number of their observers was als} much 
‘greater ; and from the time of Almamoun, very apparent improve- 
‘ments in respect to the elements of the theory of the sun, the 
obliquity of the ecliptic, and the precession of the equinoxes, are 
to! be observed in their works. The introduction of sines and 
versed sines by Albategnius ; of tangents by Aboul-Wesa; of 
‘subsidiary arcs to simplify a complex formula by Ebn-Jounis, 
entirely changed the manner of making astronomical calcula- 
tions. The Arabians also marked the times of phenomena with 
‘more precision than the Greeks. Albategnius deduced from the 
‘analemma, a rule, im two parts, to find the altitude of a star by 
‘the altitude of the pole, the declination, and the horary angle : 
this'is now the fundamental formula of modern trigonometry. 
‘The same author then altered this formula by substituting the 
versed sine for the cosine in order to find the hour by the altitude 
of a star whose declination and right ascension are known. It 
appears, however, that the Arabs made very little use of this 
second rule, and that most commonly they found it sufficient to 
‘determine the hour, after the manner of Hipparchus, by means 
of an astrolabe, or planisphere, which served at the same 
time to observe the altitude, and to dispense with a trigonome- 
trical calculation. It was shown in the Ancient Astrouomy that 
Hipparchus invented this instrument to find the hour of the night 
by means of a star; of course he could find the hour of the day 
much easier by the sun. 

The Arabians, in adopting the Greek astronomy,-were not less 
careful in collecting the astrological reveries of the Chaldeans : 
they applied their trigonometry to them, and invented new 
methods of dividing the heavens into 12 houses. These methods, 
brought to perfection by Regiomontanus, and especially by 
‘Magini, are translated into modern formulz, and the whole of 
them applied to the calculation of the same nativity; so that a 
‘judgment may be formed of their differences, and of the uncer- 
tainties which they must add to those predictions, of which the 
fundamental principles are, in other respects, a mass of purely 
arbitrary suppositions, the fruits of credulity, or rather of charla- 
‘tanism. . 

Dialling, which is at present considered only as a curious 
application of astronomy, constituted at that time an integral 
part of it, from the commodiousness of good sun-dials in exhibit- 
ang the civil hours, and in regulating clepsydras. Without 
changing in the least the theory of the Greeks, the Arabs, 
studying the analemma of Ptolemy, found means to derive from 
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it easier and far more yayied, solutions; and, they inyentedsa 
nuthber of dials, “both ‘fixed; and, potable.) Aboul-Hassan 
déduced from the conic sections. yery, curious ,rules for,|traging 
the ares of ‘the ‘signs indepenc ently, oF the, hourlines...Neverthe- 
less his' method had neither, the sunplicity, nor.the, generalisation 
which ‘it’ was possible to give to. his. needlessly. complicated 
pr blems. He did not see thatin every. dial, that,jcamj,be 
desershell On a plane, the parameter of the, section is, always the 
sar é, being equal to twice the co-tangent of the declination,ef 
the'sun, and that this depended, neither on the section, of the 
¢one, nor on the height of the pole upon the plane... Novone .as 
yet had perceived this theorem; no one had dreamed of dispos- 

ing the general equation of the conic sections ina manner pecur 
liarly adapted to dialling. This equation was at length published, 
depending only on the height of the pole, the declination ofthe 
sun, and lastly on the height.of the gnomon,, which itis conye- 
nient to assume as unity. There results from this formylajan 
extremely simple mechanical method of describing the,ares.of 
the signs, the tngonometrical calculation of which is always 
very long, and also requires the horary angle of the, plane.) 
Aboul-Hassan first made the curious remark that every plane 
may be considered as the horizon of a place, whose geographical 
longitude and latitude might be easily determined: he first. gave 
a projection of the pole on the plane, and consequently a.point 
common to all the equinoctial hour lines: he also first spoke of 
substituting these equal hours in place of the ancient, unequal 
hours, of which the Arabs then made use in imitation. of, the 
Chaldeans and Greeks. ) sh 

Dialling, on passing into Europe, underwent other changes; 
instead of the straight style, an axis was substituted, the entire 
shadow of which covered successively all the hour lines; instead 
ofthe ares of the signs, mechanical constructions, were invented, 
which, being reduced to formule, are found, to be identically the, 
same.as the modern methods... But the Europeans demonstrated 
nothing, neither did the Arabians: their, works are, frequently 
unintelligible ; and in order to demonstrate their obscure pracn, 
tices, their historian has found it necessary to include injabout, 
60 trigonometrical formule every thing that, concerns, this part. 
of astronomical knowledge; he finds among them the demonstrag) 
tions which Clavius was not able to discover, and also. draws.frem,., 
them new methods of tracing, either mechanically, or by caloula), 
tion, the arcs of the signs, the meridian line of mean time,,and., 
all the hour lines of dials without any centre, whether Babyle-, 
nian, Italian, or French, | . 64 gaixga Baumbebosite 

The Persians and Tartars showed.the same, respect.to the), 
Gréek theory ; they adopted the Arabian trigonometry, ;, they); 
improved our knowledge of the motion of the sun; and we OWE. 
to the latter a new catalogue of the stars; namely, that of Ulugh,.., 
beigsh.' The ‘first European’ astronomers were equally servile 
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imitators. Alphonso caused’ new tables to be calculated, which 
were employed for 200 years. Regiomontanus declared several 
times'that they were erroneous ; but he had neither time nor the 
means’ to compose better. He engaged much in trigonometry, 
but! did not proceed’ so’ far as Aboul-Wesa, or Ebn-Jounis; he 
Gid* not perceive the ‘usefulness of tangents, the formule for 
whieh he found in Albategnius. Our trigonometrical system 
was “completed by Vieta, who published a table in which the 
tangents and secants were for the first time united with the sines, 
and who afterwards published the four analytical formule which 
ate Sufficient for the solution of every case of oblique-angled 
spherical triangles. To him we owe some curious and very 
useful formule for tangents, secants, and even for sines ; he 
ereated that theory which he called angular sections; lastly, 
from his theorems, although frequently very obscure, the expres- 
sion of the first and second differences of sines may be drawn, 
_aid‘more expeditious and surer methods for the construction of 
. trigonometrical tables than those he has himself mentioned. 
“(Wethave only been able to indicate, in a very brief manner, 

the'subjects that are treated in this astronomy of the middle ages, 
which also includes an analysis of all the works that are any 
ways remarkable, which appeared in this interval of more than 
600 years, ending with the appearance of Copernicus. This 

_restorer of astronomy, with Tycho, Kepler, and Galileo, will 
furnish abundant matter for the first volume of Modern Astro- 
nomy, which is in the press. 

e mentioned in the History of 1817, the obligations we were 
under to M. Sedillot for what concerns the Arabs and. the 
Tartars. 

Notice on the Operations which are undertaken to determine the 
Figure of the Earth; by M. Biot.—This hasty sketclf of every 
thing'that has been done for this 150 years, in regard to deter- 
mining the figure of the earth, was listened to with great 
interest in the public mecting of the four Academies. The 
déseription of the Shetland islands, so new to us, where the 
author charged with these delicate and difficult operations 
found the most cordial hospitality and every attention that could 
ensure the success of his enterprise, was particularly applauded. 
The! wholé of this recital will be found in our Memoirs. We 
coiifine ourselves at ‘present to that. which constitutes the 
object of the voyage, and announce with pleasure that M. Biot 
has‘brought home with him 38 series of observations on the 
pendilum, of five or six hours each; 1,400 observations of 
latitude in 55 series, taken as many to the north as to the south 
of the Zenith, and ‘about 1200 heights of the sun, to determine 
thé ¢ding of the clock, Such part of the calculations as time 
haspefmitted to be’ execvied proves that the results will be 
conform ble to those already deduced from the theory of the 

SV 192 6 
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»moon, and from the measurement of terrestrial degrees compared 
together at great distances. | Ait i viet 

Memoir upon thessubterraneous: Inundations, to which many 
Quarters of Paris are pertodically exposed ; by M. Girard.—A 
»subterraneous source of water has manifested itself for some 
anonths. im the northern quarters of Paris, which has produced 
an inundation of a great number of cellars, and has spread itself 
ron the surface of some marshes situated below the ‘hospital of 
» St. Louis, between the faubourg of the Temple and the faubourg 
St. Martin. ; ; 

Buache, of the Academy of Sciences, and Bonami, of the 
Academy of Inscriptions, had already endeavoured to:discover 
‘the probable cause of similar mundations which were observed 
im 1740, and reuewed in 1788. Perronet was consulted, and in 
a report made by him to the Prevot des Marchands, he pointed 
out the true cause. M. Girard exhibits this cause m ‘ainew 
light, and supports his expianation by facts and reasoning’5;7so0 
that it admits no longer of any doubt. In 1788, some ‘people 
attributed these inundations to the reservoir of the steam-engine 
just established at Chaillot. Lately they accused the’ basmvof 
ja Villette. M. Girard shows with great ease that such ‘causes 

~.as constantly exist cannot serve to explam imundations which 
arise only after long intervals. In adopting the idea of Perronet, 

whe ascends to the origin of the cause, explains why these inun- 
»dations did not happen before that time, and also shows by what 
concurrence of circumstances they have been observed to'take 
‘place thiee times since 1740. 

Formerly a rivulet which runs from Menil-montant toward 
Chaillot received the water that drained from Paris and the 
neighbouring hills. This drain was embanked with walls, ‘and 
at last arched over. The ground-piot of Paris enlarging, new 
streets arose upon ground made of rubbish. These buildings 

. prevent the running off of the waters, which, soaking gradually 
anto the earth, raise by degrees the level of the subterranean 
waters : in very wet years, these waters spread themselvesimto 
cellars, which otherwise, by their distance from the rivulet; would 
appear to be in no danger of such an accident. On consulting 
the ‘registers of meteorological observations, M.)Girard:found 
that in 1786 and 1787 there fell 124 centimetres of rain,:andithat 
the rainy days were 324 ; so that in the space of these twoiyears 
the quantity of rain ‘that fell was one-fifth )more than cman 
average year, and the rainy days were also’ one-seventh more 
than usual: hence arose the inundation’ of 1788. “The same 
circumstances took place in 1816 and 1817, and joceasioned ‘the 
mundation of 1818. lq ogtel aoppl 

yo My Girard, in concluding his’ memoir, ‘observes, ‘Lf at ‘be 
orecollected that these subterranean “inundations have’ hitherto 
»only taken place at intervals of 30 years, and that they have-been 
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occasioned by circumstances absolutely similar in themselves, it 
may be concluded that this accident will seldom occur; for it 
alepends not only.om the:excessive quantity of rain, but also on 
its continuance. Thismuchiis certam, that ‘on account of the 
obstacles which have been at different times put im the way to 
prevent the tree drainage of the rain water in the northern quar- 
ters of Paris, every time the depth of'rain that falls m the space 
of two years shall be greater than 120 centimetres, and the num- 
ber of rainy days in that interval shall be more than 820, those 
quarters of Paris which are situated on the mght bank of the 
Seine will, have reason to expect a subterraneous inundation the 
next year.” 
/Memotr.on the Topography and Levelling of Paris ; by M. 

Giard.—The three islands formed by the Seine, and the quarters 
extending to the north and south, were formerly meadows, 
which were overflowed by the Seine every time that there hap- 
pened arflood. The gravel carried by the stream, and the mud 
which was suspended in the water, were deposited on the surface 
of the meadows. Every year a new layer of these deposits 
raised the soil, while at the same time similar depositions also 
elevated the bed of the river. As the valley became peopled, 
the necessity of preventing these inundations obliged the inhabi- 
tants to accelerate the operations of nature by bringing fresh 
earth, or to raise dikes or quays upon the shores of ‘the river, 
which might prevent these overflowings; and the bed of the 
Seine being continually elevated, the quays were forced to be 
frequently raised, and the surface of different quarters heightened 
artificially. The rubbish carried out of the inhabited part formed 
in time the rising grounds of Moulins, and of Notre Dame de 
bonne Nouvelle, the small hills of rue Hyacinthe, rue Taranne, 
and the labyrinth of the Jardin des Plantes. The population 
increasing, the surfaces of these deposits of rubbish were partially 
levelled, and new streets traced upon them. The Boulevards 
towards the north, being the remains of the. ancient ramparts, 
form.a'spot of ground which is higher than the rest of the city 
and neighbouring fauxbourgs. 

It has been long proposed to determine the real level of the 
different quarters, dn 1742, Buache formed the project of per- 
forming a hydrographical plan of Paris. The inundation of 1740 
furnished the original data of a general level of the quarters that 
had been laid under water. He afterwards drew several profiles 
ofithe: ground, by traversing the town in different directions. 
This work is the only. one hitherto published. In order to begin 
anew work upon.a larger scale, there were traced upon Ver- 
nique’s large plan the heights of different points of the surface, 
in neférence to a:horizontal plane raised about: 76 metres above 
the) lowest level. of the Seine. . After having carefully verified 
these, primary ‘positions, successive additions »were made, and 
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the levelled points brought nearer to.each other, The leveliof 
the intersections of every. street, was.thus, obtained, and.after- 
wards that of the intermediate spaces... The points which were 
found to be on the same level were then joined by straight lines, 
which produced a number of irregular polygons, whose traces 
showed the intersection of the surface with several horizontal 
planes, each of which was raised a metre above the other ; so 
that these curves show the limits of the grounds that would 
be successively inundated if the water of the Seine were to rise 
metre by metre above its ordinary level. 

Memoirs on the Navy, and on the Cwwil Enginery of France 
and England containing an Account of two Journeys made by the 
Author to the Sea-Poris of England, Scotland, and Ireland ; by 
M. C. Dupin, of the Academy of Sciences.—This collection is 
much more interesting than its title would lead one to suppose. 
The account of the two journeys contains only the historical 
and descriptive part ; and it makes one wish for a more extensive 
work, which indeed the author promises, and which will also 
contain the theoretical part. This account is succeeded, by-a 
notice relative to the construction of the breakwater at Plymouth, 
and a description of the Caledonian canal, interesting to every 
class of readers ; a plan ofa large work already in great forward- 
ness on the naval architecture of the 16th and 19th centuries ; 
experiments on the flexibility and elasticity of wood ; a very 
extensive memoir on the re-establishment of the Naval Academy, 
with much useful advice ; another memoir on the actual state of 
the maritime museum established in the arsenal of Toulon} and 
on the works of Puget which are preserved in that arsenal; and 
Jastly, a description of the machines for the naval service-con+ 
structed at Rochfort from the plans of M. Hubert. The whole 
is accompanied with reports which have been made to the 
Academy of Sciences, the Academy of Arts, and by the naval 
officers at Toulon, when the author submitted his different works 
to their inspection. The History of the Institute willhexhibit the 
reports which were read to the two Academies; and, therefore, 
we confine ourselves to the transcription of the conclusion, 
that made by the naval officers. ‘ The commissioners think 
that the general plan of the author is, well adapted to produce,a 
good, useful, and interesting work, worthy of the encouragement 
of a great nation.(this réfers\to:a.view of naval architecture) ; 
and they hope the Minister;for the, Marine ;will not.refuse-to the 
young author noble and. honourable .encouragements,) the, prige 
cipal of which haye been,just, pointed cnt.” They:said alittle 
before this, ‘“‘ that it was, desirable M. Dupin.should_besenabled 
to examine the principal: sea-ports. of France, and foreign,couns 
tries; in order to form an, impartial judgment of, what; concerns 
them, to collect, together the most.important, materials, and ite 
put them in practice with that unshaken constancy; which:the 
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author shows in the pursuit of his useful enterprises.” This 
wish of the commissioners was expressed in 1814, and the 
collection of papers now announced proves that he has realised 
iti a great measure, and with good success. 

MATA "(To be continued.) 
IHL 

THON 

ARTICLE XI. 

“SCIENTIFIC INTELLIGENCE, AND NOTICES OF SUBJECTS 

‘S.WO CONNECTED WITH SCIENCE. 

pits I. Chalk in Bulgaria. 

t}‘appears from Dr. Macmichael’s Journey from Moscow to 
Cowstaitinople, just: published, that chalk exists on the south 
side ‘of the Danube, near Rudschuk. This is a fact which was 
new to’me at least, and probably will be so also to most of my 
¥eaders: I was not aware of the existence of chalk in any part 
ofthe’ Turkish dominions. 

Ha « fi. Mount Hemus. 

_ This: celebrated mountain, at present known by the name of 
Balkan, divides Bulgaria from Romelia. According to the 
account given of it by Dr. Macmichael, the strata on the north 
side vare generally calcareous, and the summit is a blue or varie- 
gated marble. ‘The moment you begin to descend to the south, 
the nature of the rock suddenly changes into a hard argillaceous 
schist, abounding in large veins of quartz.—(Macmichael’s 
Journey, p. 141.) : 
aii Ill. Moscow. 

“The neighbourhood of Moscow consists principally of an argilla- 
ceous bed, containing numerous iridescent ammonites, and other 
foesil5) and resembling the London clay ; of a bed of sand or 
sandstone, which probably corresponds with the Kentish rag, or 

een sand formation ; and of an oolitic limestone approaching 
the’ character of Portland stone. Considerable blocks of granite 
aré found loose on the surface of the soil.—(Ibid. p.. 31.) 
Hist pe ’ P 

» (91513991 IV. Bathing in the Dead Sea. 

It is well known that' the water of this sea is saturated with 
salt, chiefly muriaté of magnesia, and common salt. Its specific 

favity is 1+211.' Mr:'Legh, who bathed in it in 1818, informs 
) that/he saw several shell-fish init, not unlike periwinkles.. The 

atcéount which he gives of the effects of bathing is singular, but 
not very intelligible. ‘I-shall give it in his own words. “ Our 
Arab guides had endéavoured to alarm us as to the consequences 
of bathing in these pestiferous waters ; but we made the experi- 
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ment, and found that though two of our party were unable’ to 
swim, they were buoyed up in a most) extraordinary manner. 
The sensation. perceived immediately upom dipping was, that we 
had lost our sight ; and any:part of the’body that happened to 
be excoriated smarted excessively. The taste of the water was 
bitter and intolerably saline. From this experiment some of us 
suffered a good deal of inconvenience, an oily incrustation being 
left, wpon the body, which no attempt at washing could remove 
for some time ; and several of the party continued to lose por-’ 
tions of skin for many successive days.”’—(ibid. p. 192,) 

I can understand the meaning of every part of the preceding 
description, except the alleged joss of sight. It deserves notice 
that the specimens of salt collected from the southern extremity 
of the Dead Sea did not deliquesce. This was doubtless owing 
to the dryness of the climate; not to the purity of the salt. 

V. Climate of Moscow. yl 

The severest frost of the winter 1817—1818 was equal to 
— 28° Reaumur (— 31° Fahrenheit). In Petersburgh they had 
— 30° (— 351° Fahrenheit). But this winter was reckoned a 
mild one, for the quantity of snow was unusually great ; the best 
proof of its mildness ; for in very severe weather, there falls but 
litle snow.—(ibid. p. 271.) 

VI. Population of Moscow. 

When the French quitted Moscow, there were only 16,000 
inhabitants ; but in the winter of 1817—1818, the population 
amounted to 312,000, including 21,000 military.—(Ibid.) 

Fourie (i: VIL, New Acetate of Lead. 

Chatles Macintosh, Esq. who has long been a manufacturer 
of sugar of lead in Glasgow, accidentally obtained, some months 
ago, a salt in large flat rhomboidal crystals, which obviously 
differed in their shape from the crystals of common sugarof 
lead... Happening to visit the manufactory while these crystals 
were still im Mr. Macintosh’s possession, 1 carried awayoa suffi- 
eient quantity of them to enabie me to determine their properties 
and composition. junow i 

The crystals were white and translucent, and consisted of flat 
thomboidal prisms, with angles of 106° and 74°. Each pifism 
was terminated by a dihedral summit, formed by two faces pro- 
ceeding from the narrow faces of the) prism, and-meeting at an 
angle of 130°. These erystals were not altered by exposure to 
the aw. 

The taste of the salt was sweet and astringent, similar to the 
taste of common sugar of lead. Its specific gravity was 2°575. 
At the temperature of 60°, 100 parts: of water’ dissolved: 348 
parts of the salt. It was soluble also in alcohol, as is the case» 
with common sugar of lead. , 
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When heated, it melted and boiled, giving out water in the first 
place; but as the heat mereased, the smell of acetic acid became: 
sensible. IJ kept a quantity of the salt for a few minutes in the 
temperature of 504°; it boiled violently for a little; but the 
boiling stopped, andit became solidalmost at once. It was then 
an orange-coloured powder consisting entirely of a mixture of 
two parts protoxide of lead and one part metallic lead. 

To determine the quantity of acetic acid in this salt, I dissolved 
50 gr. of it in distilled water, and precipitated the lead by means’ 
of bicarbonate of potash, noting carefully the weight of bicarbon- 
ate necessary just to precipitate the whole of the oxide of lead. 
Two different experiments indicated the quantity of acetic acid 
in 50 gr. of the salt to be 11 gr.; so that 100 er. of the salt 
contain 22 gr.of acid. The theoretical quantity, as wil! be seen 
below, is 21-85. I ascribe the small excess indicated by my 
trials (which amounted to 0-15 gr.) to the difliculty of determm- 
ing the exact point of saturation. 
_To determine the quantity of oxide of lead, I made three 

experiments. 1. I weighed the carbonate of lead procured by 
decomposing 50 gr. of the salt by bicarbonate of potash. 2. L 
exposed 50 gr. of te salt toa heat of 504°, and weighed the 
residue. | then @ssolved off the oxide of lead by means of 
acetic acid, and weighed the residual metallic lead. 3. I preci- 
pitated 50 gr. of the salt by means of sulphuric acid, and weighed 
the sulphate of lead, after being well washed and dried. By 
these three methods [I obtained nearly the same results. The 

mean quantity of oxide of lead was 29°5 gr.; so that 100 gr. of: 
the salt contain 59 gr. of protoxide of lead, The theoretic. quan= 
tity, as we shall see immediately, is 60 gr.; but as the products. 
of each of the three experiments were collected on a filter, dried 
inthe openair, then taken off the filter, and heated to redness 
ima, platinum crucible, practical chemists will see that there 
must have been some loss sustained. Though the experi- 
ments were made carefully, yet 1 do not think it at all unhkely 
theta loss of halfa grain might have been meurred, which is alk 
thats requisite to make the result of experiment agree with the 
theoretic number. 

If we suppose this salt to be composed of an atom of acetic 
adidiand 14 atom of oxide of lead, then its composition will be 
asifollows : 

eO1Y 2998 Beets MCN fe ee 21:85 
RHIC LOODIIP rHO xe of lead 2. Oe 60-00 ° 
CSINLOgY SY Ee Oe eee 18-15 

ols Od -oplersci nn 100-00 
Gi Keaw vii : ; “ 

‘Now!the:quantities actually found by the preceding analysis’ 
were the'following 20.0 00) .0 5) awa Ora Nts 
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’ Pols aGite i niin dnvone xn RRO 
‘ Protoxide of lead...........- 59 
Wrater:i.<slecphiane. duadianle di abe FD ve 

I consider the agreement as sufficiently near to leave no doubt! 
respecting the constitution of the salt ; so that it is composed of 
5 atoms oxide of lead, 4 atoms acetic acid, and 19 atoms water. 

VIII. Remarkable Double Rainbow. By Mr. Macome.»: 

(To Dr, Thomson.) 
DEAR SIR, Paisley, Sept. 7, 1819. 

The afternoon of the 5th current was distinguished in this 
neighbourhood by frequent and very brilliant exhibitions of the 
rainbow. One of these, which happened about five o’clock, 
attracted my particular notice from an appearance which it dis- 
played, which to me was uncommon. The lower half of the 
spectrum, commencing with the green rays, was distinctly 
repeated in the regular and usual succession of the colours. 
There was no interval of space between the usual rainbow and 
this novel accession to it; nor did the breadth of the spectrum 
with this addition appear to me to be much increased beyond its 
usual size. A dense cloud, or rather a descending shower, soon 
interposed, and took from my view this curious phenomenon. 
The secondary bow, with its verted colours, was visible along 
with the primary. The arch of either did not extend far beyond 
the zenith, and it was the southern limb of the primary that exhi- 
bited the appearance above stated. It would gratify me much 
to inform me of any writer who has taken notice of any similar 
appearance. Excuse this trouble from, dear Sir, ' 

Your obedient servant, 
A. Macome. 

IX. Octahedral Tron Ore. 

M. Robiquet made use of octahedral crystals of oxide of iron’ 
extracted from a steatitic rock of Corsica, in the formation of 
peroxide of iron; but the colour of the oxide which he obtained 
was bad, resembling that of rust. This led him to suspect the 
presence of titanium init. He dissolved a quantity of the ore in 
muriatic acid, and evaporated the solution to dryness. On 
redissolving the salt in water, a white insoluble powder remained, 
which, when heated to redness with a sufficient quantity of car- 
bonate of potash, became soluble in acids, and exhibited all the 
characters of oxide of titanium. He extracted about six per 
cent. of this oxide from the octahedral ore which he examined, 
—(Journal de Pharmacie, 1819, June, p. 265.) 
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X. Suice of Carrots usa ‘Remedy in Cancer. ey Ly 
{ know not whether it be proper to mention an application im 

eases of cancer which Bouillon Lagrange has brought into notice, 
and which he assures us he has often employed with the happiest: 
effects. The remedy is the juice of carrots applied externally, 
together with internal medicmes suited ‘to the circumstaneés of 
the patient. It is possible that ‘carrot juice, or rather carrot 
poultice, applied in cases of cancer, may have the effect 6f alle- 
viating the pain, which may render it of some value to medical 
practitioners ; but to trust to such applications in cases of cance— 
rous mamme, as M. Bouillon Lagrange seems to advise, 1s & 
practice, that we trust no surgeon in this country will venture 
upon. The following application, which the same practitioner 
recominends, under the name of anticanccrous topic, 1s little else 
than a modification of an old method cften employed in this 
eouiitty and in Germany; but I never heard of any case where 
the application was attended with the cure of the disease. 

Jacoret } Simple plaster, 3iv. 

Melt it by a gentle heat in a stone-ware vessel, then add of 
We = > = PenGwewax’.). 0550.2). 2 eis aes 
nibs SOn 2 8 oe Meee ees 
Derperdine kp. yep ee 

Melt this mixture, take it from the fire, and then add of 

Leaves of hemlock powder... 51 
Pounded sulphuret of potash .. 3] 
Pounded camphor. ...... 2. siy sh 

Mix exactly.—(See Journ. de Pharm. 1819, June, p-255:) 

tot ; XT. Analysis of Galbanum. 

M. Meisner has obtained the following constituents from a 
set ofiexperiments to determine the composition of galbanum : 

RNY 3 CTT RE 5) 
ad UD ok SEB. nie Yq ination 113 
sat aout eld iy SHALASID ts HabeBieath: oF oceiack crusted 

I 

ii 870 . i 

re edit AGREE. 0/5 He Baten crnen «bsinl 
A Se Sh WHALE Dll merce ax meadate ected Lite 
aes Go iit: Vegetable BEDE. wpcmbics-ee Ieatl 
ads Its a : ASOPR cn! dh Sees ty3l a eleven e ce veyeneye 7 

> Saris woes ¥ y mtd Pay nt 
19q XB SLUG: ) 3h : . 500 

benionsxe Ooh COUIW 9870 ifnthed S23 mo ; 

¢Trommsdorf’s Journal det Pharmacie! as quoted in’ Jourhalte 
harmacie, 1819, Juillet, p. 308.) 
Vor. XIV. N° V. 2B cod 
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XII. Action of Binoxalate of Potash on Black Oxide of Man- 

~ ganese. 

M. Van-Mons has observed, that if into any vessel containing 
black oxide of manganese we pour a hot solution of binoxalate 
of potash, and after agitating the mixture throw it upon a filter, 
we obtain a liquid of a fine red colour. During the action of 
the acid on the oxide, a quantity of carbonic acid is disengaged. 
—(Journ, de Pharm. 1819, July, p. 307.) 

XIII. Meteorological Observations at Cork. By T. Holt, Esq. 
(With a Plate. See XCVIII.) 

(To Dr. Thomson.) 
SIR, Cork, Aug. 10, 1819. 

I ENCLOSE you the result of my meteorological observations 
made in and near Cork, for the second quarter of 1819; and 
am, Sir, with due respect, 

Your obedient humble servant, 
Tuomas Hott. 

—_- 

REMARKS, 

APRIL. 

1, Fine; some showers. 
2. Fog; dry; cloudy. 
3, 4,5. Dry; cloudy. 
6. Cloudy ; breeze; showers. 
4. Thick fog; showery. 
8. Bright; cloudy evening. 
9, 10. Bright. 
il, 12. Bright; occasional showers. 
13. Fair; rainy evening. 
14, Bright. 
15. Ligit showers. 
16. Rainy morning; cloudy. 
17. Ditto; rainy evening, 
18. Bright ; occasional haii showers. 
19, Rainy morning; fine; rainy evening. | 
20. Rainy day. 
21. Bright. 
22. Ditto; some light showers. | 
23. Cloudy ; misty evening. 
24. Misty day; rainy night. 
25, 26. Cloudy; dry. 
27. Cloudy morning ; rainy, p.m. 
28. Rainy day; wind. 
29. Dry; cloudy ; rainy evening; gale, 
30. Showery. ; 

MAY, 
1. Bright; rainy evening. 
2. Rainy day. 
3. Heavy showers. 
4, 5. Bright days. 
6. Rainy... 
7. Cloudy; rainy evening. 

: 
' 

24, Showery. 

8. Cloudy; some rain, 
9. Bright. 

10. Cloudy. 
11,12, 13, 14, 15,16. Bright days. 

-17, 18. Light showers, 
19, Dry; cloudy. 
20, Showery. 
21, Bright; rainy evening. 
22. Showery. 
23. Dry; cloudy; gale. 
24, Showery. 
25. Ditto; rainy evening. 
26. Bright. 
27. Frost last night; fine day. 
28, 29. Bright days. 
30, 31. Showery ; rainy night. 

JUNE. 

1,2. Bright; some showers, 
3, Rainy morning ; fine day. 
4, 5. Bright ; some showers. 
6. Rainy. 
7. Bright ; occasional showers. 
8. Fair; rain Jast night. 
9, 10, 11. Bright; occasional showers. 
12. Bright; dry. 
13, 14. Ditto; showery. 
15, 16, 17, 18, 19, 20, 21, 22. Bright, 

dry days. 
23. Fine day; rainy evening. 

FERS eR 

25, Rainy night and morning; fineday. 
26, 27. Showery; rainy night. 
28, 29, 30. Dry, cloudy days... 
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RAIN. 

1819. | Inches, | 1819, | Inches. 1819, | Inches. 
ee | —d SS 

April | 0-014 May 1 0-024 June 2 0-046 
2 0-010 2 0-798 3) 0168 
3) 0-021 3 0246 5| 0-065. 
6 Or114 6 0:324 6 1-320 
| 0-084 7 0°196 1; 0-168 
12 0-048 8 0-210 S| 0-124 
13 0-084 18 0°036 li} 0-252 
15 0:016 20 0180 14} 0-036 
16 0-264 21 0204 23] 0-240 
17 0:074 22 0-040 24} 0146 
19 0-108 24 0:036 25} 0-168 
20 0°258 25 0°768 21) 0-216 
24 0-268 31 0-624 — 
21| 0-124 | a De ae 2-949 
28, 0°245 3°686 3-686 
29 0°268 2-241 
3 0-241 dances 

sbi 8°876 
2-241 | 

XIV. Method of preserving Water at Sea. 

_M. Perinet, who has examined the different methods recom- 
mended for preventing water from becoming putrid at sea, 
considers the following as the best: He mixes black oxide of 
manganese with the water to be preserved in the proportion of 
14 of the former for every 250 parts of the water, and shakes 
this mixture once a fortnight. Black oxide of manganese has 
not merely the property of preventing water from becoming 
putrid ; but M. Gay-Lussac informs us, that it sweetens water 
already putrid; but unfortunately the water retains a little of the 
oxide m solution (Ann. de Chim. et de Phys. xi. 110). I presume 
that this portion will be precipitated when the water is boiled. 
It is probably held in solution by sulphuretted hydrogen ; unless 
indeed it has the property of converting sulphuretted hydrogen 
into sulphuric acid, which is not improbable, though it has not 
been determined by experiment. 

XV. New Method of preparing Pharmaceutical Extracts. 
By John T. Barry, Esq. 

Mr. Barry’s method consists in completing the evaporation of 
vegetable juices and infusions ix vacuo by means of a simple appa- 
ratus which he has contrived for the purpose, and for which he has 
obtained a patent. By this mode of operating they are excluded 
from the action of the air, and at the same time the necessity 
of exposing them to a higher temperature than from 90° to 100° 
is superseded—two most important points in the preparation of 
this class of medicines. Extracts thus prepared differ from those 
in common use, not only in their physical, but their medicinal 
properties. Thus “ the taste and smell of the extract of hem- 

2B2 
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io¢k are remarkably different, ‘as is the colour both of the soluble 
and feculent parts : it also possesses an extraordinary degiiee of 
tenacity, a property which is not generally found in the common 
extract ; and it abounds so much with crystallized matter as to 
produce a gritty sensation when rubbed between the fingers. 
The extract of belladonna contains alarge quantity of crystals of 
some kind of salt; but I have not,” says Mr. Barry, “succeeded 
in procuring either of these ina separate state so as to give them 
an examination. In some attempts to obtain them pure, and 
more particularly to discover whether morphia was traceable in 
the extracts, 1 became acquainted with the singular fact, that 
phosphoric ‘acid in a soluble state is to be found in ail the 
extracts. On further extending the investigation, it was ascer- 

tained that this acid, besides’ that portion of it which exists as 
phosphate of lime, is contained in a vast variety of vegetables. It 
would be foreign to the subject of this paper to enumerate the 
substances that were tried; but I may just mention that all those 
vegetables which are cultivated seem to contain phosphoric salt 
in great abundance. 
»“ The extract of taraxacum is another remarkable instance of 

the difference in the sensible qualities of. these. preparations. 
instead of being sweet to the taste, and igh coloured, like 
that prepared in the common w ay, itis bitter, and extremely, pale, 

‘ when fresh made; its taste much resembles that of the plant 
itself. With respect to the strength of extracts made zn vucud, 
T have not yet gained sufficient information to be able to present 
a view of the relative proportions which they bear to the common 
extracts; but I have been informed by several medical friends 
who have given them a trial that they find them materially 
stronger. Perhaps some gentleman will consider the subj ject 
sufficiently deserving of investigation to collect such a aes 
ment of cases as will enable him to present to the Sotiety the 
relative doses. 1 shall be glad to oer for the acceptance of 
such, specimens of any kind which they may be inclined to make 
use of, ? 5s iitee 

There is nothing new in the principle upon which Mr. Banty? 's 
apparatus acts. The patent is founded upon the method of 
forming 2 vacuum by means of steam, and of maintaining at by 
immersing the whole under water; hence the apparatus, from ats 
being thus rendered easy of management, and less expensive, ap- 
peared likely to be employed i in other cosiniadaivbizs es, such as,sugar 
refining, and colour making. ‘‘ Chemists, therefore,” says Mr. B. 
“who are desirous of inspissating extracts 7 vacuo are ‘at hberty 
to do it in any apparatus differing from that which has been made 
the subject of my patent, and thus these substances amey — 

“tinue the objects of fair competition as to quality and price.) 
The following observations and sketch will convey an aiokar 

“the form and mode of operation of Mr. Barry’s apparatus. | ),1/y) 
8 | The mode of procurmg the vacuum, and the manner ofimaia~ 
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tuining it, have already been mentioned. The degree of exhaus- 
tion is of course judged of by the column which 1s supported in 

theiattached mercurial gauge; and I think it will excite some 

surprise when it is stated, that although no pump is employed, 
yet that column is often at a height of 28 inches during rapid 
ebullition. In fact, it is common to operate with a column not 
two inches less than the barometer of the day, and at such times 
the temperature of the boiling fluid is below 100° Pahr.; often at 
05°; and fam satisfied that by certain improvements, this tem- 
perature may be reduced to less than 90° in the ordinary process 

of manufacture. The vessels employed in the apparatus first put 

up were two: the one of cast-iron polished in its imner surface, 
serving as the evaporating pan, and situated in a water-bath, 
may be called a sti//. The head of it leads into asecond vessel, 

which is a large copper sphere, about three times as large as the 
other, and surrounded at pleasure by cold water; it may be 

called the receiver. In the pipe which connects these two, is a 

large stop-cock, by which their communication with each other 

can be suspended. The manner of setting it to work is this: 

The juice, or infusion, is introduced through a large opening 
into the polished iron still, which is then closed, made air-tight, 
and covered with water. The stop-cock which leads to the 
receiver is also shut. In order to produce the vacuum, steam is 

allowed to rush through the copper sphere until it has expelled 
all the air, for which five minutes are commonly sufficient. This 
is known to be effected by the steam issuing uncondensed. At 
that instant the copper sphere is closed, and the steam shut off, 
and then cold water admitted upon its external surface. The 
vacuum thus produced in the copper sphere, which contains 
four-fifths of the air of the whole apparatus, is now partially 
transferred to the still by opening the intermediate stop-cock. 
Thus four-fifths of the air in the still rush into the sphere; and 
the stop-cock being shut again, a second exhaustion is effected 
by steam in the same manner as the first was; after which a 
momentary communication is again allowed between the iron 
still and the receiver: by this means four-fifths of the air 
remaining after the former exhaustion is expelled. These 
exhaustions repeated five or six times are usually found sufficient 
to raise the mercurial column to the height before mentioned. 
The water-bath in which the iron still is immersed is now to be 
‘heated until the fluid that is to be inspissated begins to boil, 
which is known by inspection through a window in the appara- 
‘tus, made by fastening on air-tight a piece of very strong glass ; 
amd the temperature at which the boiling point is kept up. is 
determined by a thermometer. Ebullition is continued until the 
fluid is inspissated to the proper degree of consistence, whieh 
‘also is 'tolerably judged of by its appearance through the glass 
window. »I prefer making, for a single operation, as much jui¢e 
ov infusion ‘as’ will keep the apparatus employed for nearly the 
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whole day. ‘When inspissated sufficiently, theiresiduum,-which 
wesdenominate extract, is taken out for! use; which) aif iat: hi 
become too stiff, may be easily brought to a proper:consistence 
by gently: warming it, and kneading it with sufficient water??d iw 
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. Tron still, or evaporating pan. Hong om 
. Water-bath. pean ar 

team-pipe to heat this bath. or 
. Thermometer indicating the internal temperature. 
One of the covers in which is a glass aperture. 

. Pipe leading from the still to the receiver. 
. Mercurial column to measure the degree of exhaustion. 
. Stop-cock. 
Cock for admission of air. 

. Receiver in the refrigerating vessel. 
L. Cock for drawing off the condensed water. ony tt 

. Cock’ for admitting steam when the air is to be expelled,” 
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(Med. Chirurg. Trans. vol. x. p.'230.)°" 
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XVI. Cow-Pox in Persia. » sono J6 as 

Extract of a letter from William Bruce, Esq. resident at Bushite, 
~“to William Erskine, Esq. of Bombay, dated Bushire, ‘Matéh 

~ 26, 1813, communicating the discovery of a disease in, Persia, 
contracted by such as milk the cattle and sheep, and which'is 

4 preventive Of the small-pox, (°° Sen") 0" MOG Sven on 
orrgnolotg mow 

MY DEAR SIR, roiset fade PF loieye 
«« Wihen'T was in Bombay I mentioned ‘to. you that:thescows 
era! well known in Persia by the Ehaats, ori wandemng 
‘tribes : Since my return here, I have-made very particular qui 
riéy on this subject amongst several different tribes whowisitthis 

-place/'in’ ‘the ‘winter to sell'the produce of their :flocks, such ds 
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carpets, rugs, butter, cheese, Ke. |) Their flocks during: this time 
ave spread over the low country to graze; every Eliaat: thatd 
have spoken’ to on this‘ head, of atleast six or seven different 
tribés, has uniformly told me, that the people who are employed 
to milk the cattle caught a disease, which, after once having 
had, they were perfectly safe from the small-pox; that this 
disease was prevalent among the cows, and showed itself parti- 
eularly on the teats: but that it was more prevalent, and more 
frequently caught from the sheep. Now this is a circumstance 
that has never, I believe, before been known ; and of the truth 
of it I have not the smallest doubt, as the persons of whom I 
inquired could have no interest in telling me a falsehood, and it 
is not likely that every one whom I spoke to should agree in 
deceiving ; for I have asked at least some 40 or 50 persons. 
To be more sure on the subject, I made most particular mquiries 
of a very respectable farmer, who lives about 14 miles from this, 
by name Mallilla (whom Mr. Babington knows very well), and 
who is under some obligations tome. This man confirmed every 
thing that the Eliaats had told me; and further said, that the 
disease was very common all over the country, and that his own 
sheep often had it. There may be one reason for the Eliaats 
saying that they caught the infection oftener from the sheep 
than the cow, which is, that most of the butter, ghee, cheese, 
&c. is made from sheep’s milk, and that the hlack-cattle yield 
very little, being more used for draught than any thing else. [f 
you think this information worthy of being communicated to the 
Society of which I have the honour of being a member,, I beg 
you will do it in any way you think proper.’”—(Transactions of 
the Literary Society of Bombay.) ; 

XVII. Further Observations by S. in Answer to X. 

SIR, London, Aug. 9, 1819. 

In the number of the Annals for the present month, I observe 
a letter, signed X, in answer to some’ observations I formerly 
addressed to you. 

As the writer, from his style, seems to consider his remarks 
as.at once concise and masterly, or at least to have aimed at 
something which should be so, he may perhaps expect some 
te ef apology from me for venturing to difter from him in 
opinion. I must, however, assure him, that he has by no means 
anaceeded in convincing me that I am wrong. eh 

have now no reason to expect that any thing useful will arise 
from prolonging the discussion. In what I have at present to 
state, I shall, therefore, be as brief as possible. [have already 
quoted; iat full length, the passage from Dr. Clarke which Iwas 
lesirbus of: having’ elucidated ; but.as your, correspondent X. 
eat have misunderstood the Doetor’s meaning, | shell 
rectal his attention’to:one!sentence; and appeal, to himself, whe- 
thet»it-will bear the: interpretation’ he is pleased.to, put:upon|M. 
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“The words of Dr. Clarke are, “ all the rolling cLoups disap- 
peared, EXCEPTING tt belt\collected in VORM GE A RING hight, 
duminous, anound. the, moon :°’ evidently implying, not, (as ®~ 
woul@have ity that;there, was the form, or appearance, of a ning 
around the moon, but that there was a cloud (otherwise I know 
not the use of the word “ excepting ”’) encircling the moon in the 
forum or Shape of a ving. If X.means to assert that Dr. Clarke 
is Hot a pergpicuous writer, the subject is immediately changed 5 
but J am not of opinion, from the acquaintance that [have with 
Dr. Clarke’s works, that there is room for supposing that he 

wrote otherwise than he meant. re, 
All that I attempted to show in my former letter was, that this 

appearance could not arise from a cloud situated as above 
described. 1 will now further observe that it must have been by 
a most extraordinary coincidence—a coincidence indeed hardly 
to be believed, that a cloud lying wholly between the moon and. 
the spectator presented such an appearance as that depicted by 
Dr. Clarke in p. 488 of his volume. It was on this account that 
T requested Dr. Clarke, or some other of your intelligent, corres— 

_ pondents, to suggest some more satisfactory principle on which 
the phenomenon might be accounted for. I have failed to obtain 
such information.as { desired ; for the Doctor himself seems-to 
have viewed this appearance of the moon in no other light than 
as a beautiful spectacle, or, perhaps, as it might make a figure in. 
hhis quarto ; and as to any other quarter from which information 
may be derived, it is hardly to be expected that any person 
should set about explaining what he never saw. It appears then. 
upon the whole that I must be content to believe that such a 
phenomenon was once seen, but from what cause remains, and 
as likely to remain, one of the unfathomable secrets of nature. 

i cannot conclude these the last remarks I-shall make on this 
question, without observing, that although I am now no,more 
enlightened on the subject than at the date of my last letter, still 
the desire of obtaining information, by whomsoever-expressed, 
on subjects which excite the dcubts of the inquirer, can be con- 
sidered by X. alone as “ too ludicrous to merit further netice.” 

I am, Sir, your obedient servant, ~ 
Abi 

XVIE. Mathematical Problem. By Mr. Adams. | 

(To Dr. Thomson.) ; J 
SER, Stonehouse, Sept. 4. 1819. 

On reconsidering problem 4, Art. IV, of the Annals of Phile- 
sophy for March, 1819, I find that a small alteration in the 
formulathere given will reduce the solution of, the problenxita 

yone general rule, the insertion of which, in scme future number; 

/ ofyour journal, will much oblige, Sir,, o)) o) as euolisrage 
Your most obedient servant, };,-ys}}i); 

JAMES ADAMS. 
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cost S M = cos. D. cos. 1 C.. But 2 log. sin. D'= log: 

pen A therefore, 

M 
=——.. H he following rule :_ ane. 8G ence t lowing rule: log’. sin. D = + log. 
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© Borda’s formula, as given in Dr. Gregory’s Tribsriotlltt 
gives’ the sin. + true distance, and has the same ‘number if 

erations as in the above rule, but the demonstrations! ate” 

differents!) "| 
eta aamal 



394; Scientific, Intelligence. [Nov. 

“KIX. Urinary Concretion on a Leaden Pipe.” ~ 

Tn ‘the*Glasgow Infirmary, there is a lead pipe about’ three 
inches in diameter, through which all the urme collected in’ the 
hospital) has been discharged for| upwards of 20 years. | The’ 
inside of the pipe was encrusted with a matter, somewhat 
similar to calc tuff, and above an inch thick. I had the curiosity 
to-examine this substance in order to ascertain its compo- 
sition, | ASV 
Twenty-five grains of it were reduced to a coarse powder, and 

boiled for two hours in distilled water. The liquid was’ then 
passed through a filter, and the undissolved matter dried at) the 
temperature of 212°. It weighed 19-7 gr. and had exactly the 
same appearance as at first. fi Qtr 

The water being evaporated left one gr. of a brown coloured 
matter, which, when exposed to a heat of 212°, gave out traces 
of ammonia, and became insoluble in water. Nitric acid readily 
dissolved it, and converted it into bitter ; but I could obtain no 
traces of oxalic acid. The soluble portion of course contained 
urea. The greater part of this matter had been decomposed by 
the boiling. Hence the loss of weight sustained. baa 

The 19°7 gr. were dissolved in muriatic acid. There remained 
undissolved I'1 gr. of matter, chiefly siliceous sand, but contain- 
ing also a brown substance, which dissolved with effervescence 
in nitric acid, becoming yellow and gelatinous. Probably, there- 
fore, it was albumen. 

The muriatic acid solution, beimg precipitated by ammonia, 
let fall 5°8 gr. of phosphate of lime. Carbonate of ammonia 
afterwards threw down 2°8 er. of carbonate of lime. 

The matter deposited in the lead pipe dissolved with efferves- 
be im muriatic acid, and, therefore, contained carbonate of 
ime, eth GAEK 
Thus the 25 gr. of the incrustation yielded the following 

substances : rss FNC 

rf 

Una, BEC. «50 + yp 5 iniarrv Fevvbhasaebeie nine 
Albumen and sand ...,...... 11 aye BEBE 
Phosphate of lime. ..... Bore ich aR 

gee 

7 

[9WO! 

His * j ro9t79M 

Carbonate of,lame.... jrie- ebreyti ie sveifieal 

Tes (AUIB Te 

f om widItsat 

analysis ; so that the deficiency amounts to 10 gr. ‘Probably the 
greatest part of this 'is water. It is very remarkable that I could 
detect no soluble saline matter in this incrustation, © °° °°" 

This analysis seems to prove that carbonate of lime is one of 
the constituents of human urine. 

T believe 4:3 gr. of urea to have been decomposed durin the 

~ 
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XX. Aurora Borealis, observed by Dr. W. Burney. 

wi? 64 |, Gosport Observatory, Oct)20, 4819s 

Qn. the 17th instant, at)seven, p.m. alight about 30° on either 
side of.the magnetic north poift appeared. in the shape) of a! 
luminous arch, whose apex was 18° above the horizon },and:in 
about 20 minutes after, ¢hree beautiful perpendicular columns:of 
flame-coloured light sprang up in the N. by W. point... They 
were at a short distance from each other, and about 16° highs 
their tops. spread out considerably in very fine curved streams, 
andthe bottom parts exhibited a dark-blue colour. While pass- 
ing) off steadily in a southern course, several shorter columns 
appeared, and followed exactly in the same direction, the wind 
being at that time fresh from the northward, and having some 
influence upon their motion. 
At a quarter before eight, several other columns appeared ; 

they also passed off slowly, and were immediately followed by a 
small brilliant meteor. At half-past eight, ¢wo more perpendi- 
cular.columns sprang up about N.W. by N. one 4°, and the 
other.9° long, and 2° broad: these, as well as the others, 
passed under the northern crown, and finaily disappeared at due 
W.,and were also followed by three brilliant meteors, which fell 
almost, perpendicularly. Behind the last two columns. there 
were six small tapering lights nearly equidistant, and about 
4° or 5° above the horizon; but which, in a higher northern 
latitude, would have had a beautiful appearance. Ata quarter 
before nine o’clock, the last column of light appeared at W.N.W. 
and moved off slowly. in the same direction as the others; and 
at nine, another meteor, with a long sparkling train, fell through 
a great space in a westerly direction. Soon after this, the lumi- 
nous) arch in the northern hemisphere entirely disappeared, and 
some haze collected near the horizon. At nine o’clock, the 
thermometer stood at 40°, and sunk only 1° during the night ; 
but according to the nocturnal diminution of temperature in this 
neighbourhood with a northerly wind, it should have sunk 6° 
lower. The barometric column too, which had been rising, now 
began to sink slowly: these circumstances, together with the 
meteoric phenomena and dew in the night, which seldom falls 

during a dry northerly wind, certainly indicate that the lower 
stratum of air had received a considerable addition of electric 
matter from the appearance of the northern lights. In 60 hours 
after these lights, the barometric column had sunk three-fifths 
of an inch, when a gale of wind came on from the 8S. W. with 
heayy rain; a circumstance that frequently occurs after their 
appearance. . 

lo 9110 2i 98M Re it | ti - ‘ { H ; erp 

109 Sa3 



396: Col. Beatifay’s Astronomical, Magivetical, 

#xie lode 

—— ~-- 

et sq fbatitade 51° 27! 42" North. 
la san vI9V¥ 

{ Sun 

28. 

Immersion of Jupiter’s fourth pe ae } 9 

19 ¥ 

v satellite 
Emersion of Teer first § 9 
satellite 

Ex mersion 
satellite 

Emersion of Jupiter's first HS 
satellite 

Emersion of Jupiter’s firet § 7 
BME UUICE wnte cieisar etete ne eos 

sani yw ABEEGHE SUL, 
Astronomical, Moan csieal: and coda Observations. 

By Col. "Beaufoy,, E.RS. 
Bushey a] Heath, near Stanmore. 

ee ry 9 
Jupiters mae 9 

a ry 

Pome on 

Bt 

7 

Magnetical Observations 

9b 16’ 

, 1819. 

Astronomical Observaticns. 

¢ 

[Now. 

Aina Té 

TL as 

Longitude West in time 1! 20:7.) 

O01” Mean Time at Bushey. 
Mean Time at Gtaenwich. 
Mean Time at Bushey. 
Mean Time at Greenwich. 
Mean Time at Bushey. 
Mean Time at ‘Greenwich. 

Mean Time at Bushey. 
Mean Time at Greenwich. 
Mean Time at Bushey. 
Mean Time at Greenwich. 

Variation West. 

Month. 

z Sept. 

0 ao) 

co 

Mean for 
the 

Month. 

(DAO Ch WORD 

8h, 30) 

| S0d Sotode bot kh ww obbommnbant noob 

oo a 

Morni 

Horr. 

30 
45 
35 

35 
135 

45 | 

ng Obsery. 

| Variation. 

24° 27’ 40" 

24 32 512 
24 30 30 

24 30 14 
| 24 34 51 
| 24 3h «54% 

24 32 29 

24 31 46} 

{ 

| Hour. 
] 

| 
jh 95‘) 

25 

I 

che] or 

P26 

Noon Obsery. 
| 
| 
\ 

Variation. 

24° 40! 
24 
24 

AQ 
Ad 
Al 
44 

34”) 

12 

02. 
51 | 
38 
24 
14 
AQ 

24 41 35 

| 

SBRSERS STRESS RSSS6S Sot SSeS 

Evening Obsery, 

Hour. 

Gh 

6 

a 

m7) 

wa me me be ocrmusS 

aan Or Gr 

Variation, 

249 83" 02" 
24 34 00 

22 29 45 
24 85 23 

24 86 33 
nae 34! 33 
24°82 34 

j24 B3 18 
e4 34! 02 
——— 

24 33 27 



1819] | and, Meteorolegical, Obseruations. 397 

Meteoroldsicill’ Obscroations. 
— 1 ss. +< 1 

Menth. Time. Barém/ "her sean Wind. rams | Feather. Six’s. 
~——_—_—_———— ————— | —_—_+___——_ —————_- 

Sept. Inches, | fy 2 Feet. 
Morn, ne 29-058 |) 519 62° wNW:) Vervifine; 43 

1 aR Noon,...) 29°092 58 50 WNW Very fine) 61 
[Even Jo3e ‘| 295165. 53 54 WwW Very fine AS 
|Morn.. 29-230 52. «G4 WwW Fine ‘ 

i ‘% ‘Noon 29°253 61} AT WwW Fine | 64% 
) Bven rivid d| 293260: 4 GO | 0 5% Ww | Showery 59 
|Morm.. | 29-180 63 | 94 W by S . |Showery 

7) Bee 29:276 | 70 , 64 Ww Cloudy ral 
|Even.... =i — rae _ ~ 53 
ore. «.-| 29°485 58° | 84 Wsw | Very fine , 

ode Noou. ctl 29496 |. 69 | 37 SSW | Fine 693 
Hoty irskadven., 297146 63 68 SSW _. | Rain 59 

|Mora.... 29-329 60 | 89 WNW _, jRain : 
oak Noon...) 29°370 64 75 Wobys |} _!Fine 67 

jFven....) 29393 | 60 | 63 | Whys | ‘Fine 48 
§\Mopa.-. | 29-484 55 67 WNW | Very fine ‘ 

6% |Noon....| 29°538 | 62 ; 52 | WNW | Very fine)” 654 
inten 29-590 58 55 Ww Very fine 50L 
(|Morn....| 29-585 6L | 90 SW | Mizzle ; = 

my (Noon... . 29°59D 67 | 178 sw Cloudy 68 
lEven....| 29-609 65 |° Wohys | Fine 61 

f Moree. 29-670 63 15 Ww Fine ‘ 
“6 Noon...., 29°670 71 62 des" Fine ‘ Th 

op id bevens.. 129-695, | 65 -| 67 Ww ial Cloudy |) g) 
(Morn,...| 29-695 66 70 SbyE | _ Cloudy ‘ 

94 [Noon....| 29-693 » 71 | 56 ssw} |Fine % |" 731 
t Even O',./) — _ _ -- ! GF | 58 

‘Morn. «..| 29°660 63 85 NE | Fine ~ ik 
to \Noon....| 29-648 | 72 1) of SE 1Bine!| 2 | 722 

‘Even .2..| 29-630 |. 64 | 63 Calm |Very fine 2 594 
|Morn. ...| 29-647 58 92 NNE Foggy” ig 3 

ul ‘Noon...-| 29:68! | 61 | 79 NNE‘| ‘Choudy |" 625 
bi ‘Even./../ 29-700 | 60 | 74 | NNE Cloudy |) ~., 

i\Morn....| 29'800 |57° | 63 NNE + | 'Fine I "3 
et 125 |Noonts..) 29:800 | 65 | 52 ENE \Very fine! 66% 
a i (Even... .) 29-840 59 | 56 NE Very fine, ARE 
£0 LY Morn....) 29-845 | 56 | 68 E byN Clear ‘ = 
be 135 (Noon... ./-29:'843 | 166°} 5L | ENE \Very fine, 67 
20° eal Been 2s. .1099+842 17860 5T ESE Very fine, BL 
Ph 6 | Momos. 29802 [eo6l 89 oo) |Eeggy ' 5 
— We Noon... .|-29°779 TOs Bt ESE Bat CAaa 

0 FR) Byen ve. .|199-734 [0065 58 E by S Clear ae 
e2 tA | Moraes. .|29°546 64 70 YD) ce \ Very fine ; - 
et Noone...| 29-463 T3t°| 56 SE "Sho wery | 74% 

jBven ....) 29-400 J'°65)) 8h SW | \Cloudy \2 Bo 
ne ‘Morn. 29°263 0153! 89 NNW ‘Rain o> : z 
te 4: | Noonvi..)°29'308 |/453'°) 78 | NNwe'} Vine 56 
BO Oe { bten J...{029:388 [451) 6T | N by W i\Cloudy - 48 
#2 Oh |Morn és). ./029:559 11°52 76 | NNE |Wery fine ‘ é 
ee M4 [Soonss 29620 |) 60; 56 | NNE | “vine | '°|" 604 
be ¢ “| E¥en &.). (297672 jif54i0) 65 || Calm Cloudy ~ Ag. 
ra { |Morns... 29:'750 Jul55i4) IT & WSw—l {Cloudy ~ ‘ ¥ 
£0 4ES 929°788 [eres 63 | wii | {Fine UG 65 

: ia | Mot aed i hs wi dvs a ie S128 el sot nnolf 

tiao th 
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Meteorological Observations continued. 

Time. | Barom. Ther} Hyg. }) Wind. | Velocity.) Weather.|Six’s. Month. 

Sepr. Inches, Feet. 
Morn,..,.| 29°738 55° |}, 68°), NNW | Very fine} 55° 

192 |Noon,...} 29°745 | + 5T 59°) NNW Ay!) ‘Cloudy 591 
Even....| 29745 | 50 | 58 NE ‘Very fine ae 
Morn,...| 29861 | 48 | 71 | NbyE Clear 4 

202 |Noon....| 29°880 | 58 55 NE Fine 594 
Even,...| 29 900 52 59 NE Very fine 
Morn....| 30°010 | 50 | 74 | NEbyN Very fine ‘ ae 

21 1 Noon....| 30-015 5T 55 NE * Fine 6] 
Even....| 30°005 54 64 NE Fine (©)p! 
Morn,...| 29°985 | sl | 72 NE Very fine f 424 

ca Noon....] 29°950 57 61 E ps (584 
Even....| — — — od — 4 
Morn....| 29°779 | 54 | 69 E Cloudy *1f°50 

2} Noon....| 29°685 60 62 E Clow 60% 
Even...) — == _ — " 1 
Morn....| 29-433 | 54 | 79 | ENE Cloudy : 503 

942 \Noon....) 29°368 62 61 SE Fine. 63 
Even....| 29°287 | 55 64 ESE Very, fine A 
Morn....| 29154 | 56 | 88 | ESE Rain) ‘ oly 

asf Noon....| 29:088 60 OL Sby E Rain. 603 
fEven...-| — 55 82 SSW Cloudy 
Morn....| 29°050 | 54 | 87 | WSW Cloudy ‘ 51g 

26 Noon....| 29°110 55 80 WSW Rain, thnnd,| 5g 

Even....| 29°190 | 52 11 SW Very fine} 
-|Morn...-| 299139 | 55 | 90 WbyS Fine 49 

972 |Noon....| 29°164 | 60 | 89 SW Showery |" g9 
Even....| 29°192 59 83 SW Fine 
Morn....| 29138 | 60 | 88 | SW byS Rain , 552 

2s} Noon....| 29°182 60 84 | SW byS Showery| 6] 
Evens...| 29°200 | 57 | 85 SSW Cloudy 
Morn...-| 29-121 | — | 94 ssw _|Hard rain, ¢ 543 

992 |Noon....| 29°138 59 93 WSWw Cloudy 60 
Even ....| 29°252 | 55 718 S by W Fine 
Morn....| 29°334 | 60 | 88 SW. ob, Rain, 543 

< Noon....| 29°362 65 73 SW Cloud . 
sof Fven ....| 29375 | 61 | 82 | SSW Avings | 58 

Rain, by the pluviameter, between noon the Ist of September, 
and noon the Ist of October, 3-213 inches. ne pat > during 
the same period, 3°55 inches. 
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“METEOROLOGICAL TABLE...” |» 

BaroMETER 

Wind. | Max.| Min. 

N. W(29°74/29°49 
N) W/(29:74/29°69 

W_|29:94/29'70 
S W/29:94/29:86 
N W/29:96|29°86 
N. W\30 07/29 96 

W_}30°14/30°07 

‘S  W/30°15/30°14 
‘SS W/30°11/30°10 

E = |30°12/30:08 

N_ £E/30°24)30 12 
NN E/30°29/30°24 
S E|30°30|30°27 

S E/30°29|30:03 

30°03/29 78 

30°03]30°00 
30°23|30°03 

30°24|30-23 
30°35|30°24 

30°50/30'°35 
30°50|30°50 

N__ E}30*50/30°30 
N ~— E/30°30/29°95 

E -}29°95|29:67 
Var. |29°67|29:60 

S W/29:67/29°61 
W s29 70/29°66 

S W){29°70]29 65 
S 'W/29°84129 65 

S  W/29°89/29°85 

Zazzezas 

—=——— 

THERMOMETER, 

Max. Min, 

66 45 
70 | 58 
76 51 

74 59 
66 47 

70 4§ 

72 66 
78 52 

7 59 
80 45 

66 55 

70 39 
Va 42 

77 45 
82 52 

56 42 

65 46 
70 45 
60 33 
63 38 

66 36 
68 46 

65 50 

68 40 
66 50 
64 4S 

65 57 
67 54 
66 55 

69 60 
_-_—_ 

sae OO BOD 495 «82 
Tr: 
33 

Evap. |Rain. 

rs 

i) 

So 

Ploabllleltlle 

el Tiel 

ol lll} tts oo 

36 

09 

2°82 | 2°58 55—91 

The observations in each line of the table apply to a period of twenty-four 
hours, beginning at 9 A. M. on the day indicated in the first column, A dash 
denotes, that the result is included in the next following observation, 
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REMARKS. 

Ninth Month.—1. Fine. 2. Clouds: rain, evening. 3. Fine: Cirrus: rainy 

evening. 4. Cloudy evening. 5, Rain, morning: fine, p.m. 6, 7. Cloudy. 

8. Cirrocumulus. 9. Stratus in the morning: day, cloudy: fair, 10—13. Fine. 

14. Stratus, followed by Cirrus. 15, Much dew: Cirrocumulus. 16. Rainy 

morning: fine, p.m.: Cirrocumulus. 1i—20. Fine. 21. Cirrocumulus, with 

Cirrostratus. 22. Cirrus, Cirrocumuli. 23, Overcast sky. 24. Cirrocumulus- 

25, Rainy. 26—29. Showery. 30. Cloudy. Considerable wind (by night 

especially), has accompanied the late depression of the barometer. ; 

RESULTS. 

Winds: N,5; NE, 5; E,2; SE,2; SW,7; W,43 NW, 4; War. I. 

Barometer: Mean height 

For the month. ...... scedecccedesebacacctecat..s SUMS IneHES. 

For theynar pertad . 2.02.5 ...2 jae ot asta dabble «= 29°999 

For 13 days, ending the 5th (moon south) ........ 30°183 

For 14 days, ending the 19th (moon north) ...... 30°138 

Thermometer: Mean height 

For the month. ......... we chi s tte eaten ts et = o-s- 598° 

For the liar; perivd 05520: .ickes. cone one o aac) nee 

For 30 days, the sun in Virgo.............2.. ---- 60°30 

Hygrometer: Mean.for the month. ......s.scssesscccscesscsens 109 -* 

Evaporation. ...... Bole vwice soe eisai ieh cleat Se ee emebe ene me oeeeee 292 inches. 

RAMS crap ets ee POET Oe oe eae sess epee 

Rain at Tottenham....... pcttera teases ey te a ssvmclceics = ieee 

On the 25th, at seven, a.m. I observed at Tottenham two parhclia, formed in 
portions ofa large halo, which were seated in a body of haze suspended over a 
Nimbus: they lasted but a few minutes, and were followed by wind and rain. 

Stratford, Tenth Month, 16, 1819. L. HOWARD. 
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ARTICLE I, 

On the Figure of the Earth* By M.de Laplace. (Read atthe 
Meeting of the Board of Longitude on May 26, 1819.) 

‘THE numerous experiments on the pendulum have shown that 
the increase of gravitation follows a very regular law, and that it 
is very nearly proportional to the square of the sine of the lati- 
tude. This force being the result of the attractions of all the 
particles of the earth, these observations compared with the 
theory of the attractions of spheroids, furnish the ‘only means 
which we have to penetrate into the interior constitution of the 
earth. It follows from them that this planet is’ formed of beds 
whose density increases from the surface to the centre, and 
which are disposed regularly round this point. I published at 
the end of the Connaissance des ‘Temps for 1821 the following 
theory, which I have demonstrated in the second volume of the 
New Memoirs of the Academy of Sciences. 

“If we take for unity the length of the seconds pendulum at 
the equator, and if to the length of this pendulum observed at 
any point of the surface of the terrestrial spheroid, we add half 
the height of this point above the level of the ocean, divided by 
the demiaxis of the pole—a height which the observation of the 
barometer furnishes, the increase of this length thts corrected 
will bé, on the hypothesis of a'constant density below a modes 
rate depth, equal to the product of the square of the sine of the 

~ latitude by five-fourths of the ratio of the centrifugal force to 
that of gravitation at the equator, or by'43 ten millionths.” 

* Translated from the Aun, de Chim, etde Phys. xi, 31. 

Vou, XIV. Ne VI. 1 2C 
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This theorem is generally true, whatever be the density of the 
sea and the manner in which it covers a part of the earth. 

The experiments with the pendulum made in the two hemi- 
spheres agree in giving to the square of the sine of the latitude 
a greater coefficient, very nearly equal to 54 ten millionths. It 

is then proved by these experiments that the earth is not homo- 
geneous in its interior, and that the density ofits strata mereases 
from the surface to the centre. 

But the earth, though heterogeneous in a mathematical sense, 
would be homogeneous in a chemical sense, if the increase of 
the density of these beds were owing merely to the increase o 
pressure which they experience in proportion as they approach 
the centre. We may conceive in fact that the immense weight 
of the superior beds may increase their density considerably, 
even supposing them not to be fluid; for we know that solid 
bodies are compressed by their own weight. The law of the 
densities resulting from this compression being unknown, we 
cannot determine how much the density of the strata of the 
earth may be thus increased. The pressure and the heat which 
we can produce are always very small when compared with 
those which exist at the surface and in the interior of the sun 
and stars. It is even impossible for us to have an approximate 
idea of the effects of these forces united in these great bodies. 
Every thing leads to the notion that they existed at first in a 
great degree in the earth, and that the phenomena which they 
have produced, modified by their successive diminution, form 
the actual state of the surface of our globe—a state which is 
only an element of the curve, of which time will constitute the 

abscissa, and whose ordinates will represent the changes which 
that surface undergoes without ceasing. We are far from know- 
ing the nature of this curve. We cannot, therefore, deduce with 
certainty the origin of what we see on the earth; and if, to 
satisfy the imagination, always uneasy at its ignorance of the 
cause of the phenomena which interests us, we hazard some 
‘conjectures ; it is the part of a wise man to state them with the 
greatest caution. 

The density of any gas is proportional to its compression, 
when the temperature remains the same. This law found accu- 
rate within the limits of the density of gases which we are able 
to examine, cannot, as is obvious, apply to liquids and solids, 
whose density is very great when compared. with that of gases, 
when the pressure is small or nil. It is natural to think that 
these bodies make. the greater resistance to compression the 
more they are compressed; so that the ratio of the differential 
of the pressure to that of the density, instead of being constant 
as in the gases, increases with the density. The most simple 
function which can represent this ratio is the first power of the 
density multiplied by a constant quantity, 1 have adopted it 
because it has the advantage of representing in the simplest 
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manner what we know respecting the compression of liquids 
and solids, and applies easily to the calculus in researches 
respecting the figure of the earth. Hitherto mathematicians 
have not taken into consideration the effect resulting from the 
compression of the strata. Dr. Young has just drawn their 
attention to this subject by the ingenious remark, that we may’ 
explain in this manner the increase of the density of the strata 
of the terrestrial spheroid. I expect that the following analysis * 
will be seen with some interest, from which it results that it is pos- 
sible in this way to explain all the known phenomena depending on 
the law of the density of these strata. These phenomena are: the 
variations of the degrees of the meridian and of gravitation; the ' 
precession of the equinoxes ; the nutation of the terrestrial axis; 
the inequalities which the flattening (aplatissement) of the earth 
produces in the motion of the moon; finally, the ratio of the 
mean density of the earth to that of water—a ratio which 
Cavendish fixed by a very beautiful set of experiments at 52. 
Setting out from the preceding law of the compression of liquids 
and solids, I find that if we suppose the earth formed of a 
homogeneous substance, in the chemical sense of the word, 
whose density is 21 to that of common water, and compressed 
by a vertical column of its ow substance equal to the millionth 
part of the polar axis, if its density increases 55345 millionths 
of its primitive density, we account for all these phenomena. 
The existence of such a substance is very admissible, and there 
are probably such substances at the surface of the earth. 

If the globe were entirely formed of water, and if we suppose, 
according to the experiments of Canton, that the density of 
water at the temperature of 10° (50° Fahr.) and compressed by a 
column of water 10 metres in height, increases 44 millionths, 
the flattening of the earth will be 5{,, the coefticient of the 
square of the sine of the latitude in the expression for the length 
‘of the seconds pendulum will be 59 ten thousandths, and the 
mean density of the earth will be nine times that of water.. All 
these results deviate from observations beyond the limits of the 
errors of which they are susceptible. 

I suppose the temperature uniform in the whole extent of the 
terrestrial spheroid; but it is possible that the heat may be 
greater towards the centre ; and this will be the case on the 
supposition that the earth, possessing originally a great degree 
of heat, cooled gradually. Ourignorance of the interior consti- 
tution of this planet does not allow us to calculate the law of 
that cooling, and the diminution which results from it in the 
mean temperature of climates ; but we may establish with cer- 
tainty that this diminution has been insensible for 2000 years. 

Let us suppose in a space whose temperature is constant, a 
sphere endowed with a rotatory motion; let us suppose then 

* This analysis will appear in the volume of the Connaissance des Temps for 
1822, at present in the press. 

2c2 
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that after a long time the temperature of the space diminishes 
one degree ; the sphere will ultimately assume this new degree 
of temperature ; its mass will not be altered ; but its dimensions 
will diminish by a quantity which I suppose a hundred thousandth 
part, as is nearly the case with glass. In virtue of the principle 
of areas, the sum of the areas, which each molecule of the sphere 
describes round its axis of rotation, will be in a given time the 
same as before. It is easy to conclude from this, that the 
angular velocity of rotation will be mereased a 50 thousandth 
art. Therefore supposing the duration of rotation to be ore 

day, or 100,000 decimal seconds, it will be diminished two 
seconds by the diminution of one degree in the temperature of 
the space. If we extend this consequence to the earth, and if 
we consider that the length of the day has not varied since 
Hipparchus so much as the hundredth of a second, as I have 
shown by a comparison of observations with the theory of the 
secular equation of the moon, we shall conclude that since that 
time the variation of the internal heat of the earth is insensible. 
It is true indeed that dilatation, specific heat, the greater or - 
smaller permeability to heat, and the density of the different 
strata of the terrestrial spheroid, all of them unknown, may 
oceasion a sensible difference between the results relative to the 
earth and those of the sphere which we have just considered, 
according to which a diminution of the hundredth of a second 
in the duration of the day answers to a diminution of a two 
hundredth of a degree in the temperature. But this difference, 
corresponding to the diminution of an hundredth of a second in 
the length of the day, can never faise the loss of terrestrial heat 
from the two hundredth of a degree to a tenth. We see even 
that the diminution of a hundredth of a degree near the surface 
supposes a greater diminution in the temperature of the inferior 
strata ; for we know that at length the temperature of all the 
Strata diminishes in the same geometric progression ; so that 
the diminution of a degree near the surface corresponds to 
greater diminutions in the beds nearer the centre. The dimen- 
sions of the earth and its vis inertize diminish, therefore, moré 
than in the case of the sphere which we have imagined. It 
follows from this, that if im the course of time we observe any 
change in the mean height of the thermometer placed at the 
bottom of the caverns below the observatory, we must ascribe 
it not to any variation in the mean temperature of the earth, but 
to a change in the climate of Paris, the temperature of which 
may vary from many accidental causes. It is remarkable that 
the discovery of the true cause of the secular equation of the 
moon makes us acquainted at the same time with the invariabi- 
lity of the length of the day, and that of the mean temperature 
of the earth, from the epoch of the most ancient observations. 

This last phenomenon leads us to think that the earth has 
now come to the permanent state of temperature which corre- 
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sponds with its position in space, and relatively to the sun. We 
find by analysis that whatever be the specific heat, the permea- 
bility to heat, and the density of the strata of the terrestrial sphe- 
roid, the increase of heat at a very small depth when compared 
with the radius of that spheroid, is equal to the product of this 
depth by the elevation of the temperature of the surface of the 
earth above the state of which | have just spoken, and by a 
factor independent of the dimensions of the earth, which depends 
only on the qualities of its first stratum relative to heat. From 
what we know of these qualities, we see that if this elevation 
amounted to several degrees, the increase of heat would be very 
sensible at the depths to which we have penetrated, and where, 
however, observations have not enabled us to discover it. 

Note by M. Arago. 

We conceive that our readers will not be displeased to find 
here some details respecting the method by means of which M. 
sinere has established the constancy of the duration of the 
ay. 
A mean solar day is equal to the time which the earth 

employs to make a complete revolution on itself, increased b 
the mean apparent motion of the sun in the same interval. 
Theory has proved that the mean apparent motion of the sun, as 
that of all the planets, is constant. The length of the solar day 
then can vary only by a change in the velocity of the rotation 
of the earth. 
We call lunar month the interval of time which the moon 

employs to return to the same position relatively to the sun ; to 
its conjunction, for example. This interval is evidently inde- 
pendent of the velocity of the rotation of the earth. Even 
though our globe were to cease altogether to turn on its axis, 
the movement of translation of the moon would experience no 
alteration. From this flows a very simple method of discovering 
if the duration of the solar day has changed. 

Suppose that we determine at present by direct observations 
the duration of a lunar month ; that is to say, how many days 
and fractions of a day the moon employs to return to its con- 
junction with the sun. It is clear that by repeating this obser- 
vation at another epoch, we should find a different result, if the 
length of the day has not been constant, even though the 
velocity of the moon has not changed during the interval. The 
month, for example, would appear longer if the duration of the _ 
day had diminished; and shorter, on the contrary, if the day 
had become longer. The constancy of the lunar month will be 
a proof of the invariability of the duration of the day. 

But all the observations concur to prove that from the Chal- 
deans to our time the duration of the lunar month has been 
gradually diminishing. Hence it follows from what has been 
said, either that the velocity of the moon has accelerated, or that 
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the solar day has become longer. But M. Laplace has disco- 
vered by theory that in the motion of the moon there is an 
inequality known by the name of secular equation, which 
depends on the variation of the eccentricity of the terrestrial 
orbit, and the value of which in each century may be deduced 
from the change of the eccentricity. By means of this equation 
we give a complete account of the increase of velocity in ques- 
tion, There is, therefore, no reason for supposing that the length 
of the day has not remained constant. 

Let us admit for a moment, as Laplace does, that this duration 
surpasses at present the hundredth of a decimal second, that of 
the time of Hipparchus. The length of the century at present, 
or of 36525 solar days, will then be longer than it was 2000 
years ago (it is known that Hipparchus lived about 120 years 
before our era) by 365°25” decimal. In this interval of time, the 
moon describes an are of 5346” decimal. This quantity then 
will express the difference between the arcs passed over by the 
moon in a century at the present time and at the time of Hip- 
archus ; but as these arcs, determined by observations and 

corrected for the secular equation, do not differ by so great a 
quantity, we must conclude from it, that in this long interval, 
the duration of the day has not varied by the hundredth part of 
a decimal second. 

ArrIcLe II. 

Essay on the Turquoise and the Calaite. By Dr. Gotthelf 
Fischer, Professor of Natural History in the University of 
Moscow. 

Tue term turquoise has been applied to two very different 
substances. The one, distinguished by the name of oriental 
turquoise, is a true stone, a clay coloured by oxide of copper, or 
even by arseniate of iron; and belongs as much to the argilla- 
ceous order of the oryctognostic system as chrysoprase belongs 
to the siliceous order. I have placed it in the system under the 
name of calaite, by which it had been already distinguished b 
Pliny. The other substance, called simply turquotse, or occi- 
dental turquoise, or turquoise odontolite, is a fossil, a petrefac- 
tion, a tooth or a bone coloured by a metallic phosphate, which 
does not belong to the mineral kingdom at all. Every part of 
the skeleton may be in this way converted into turquoise, when 
it happens to be placed in contact with coppery bodies, and 
particularly with phosphate of copper; but the fossil turquoise 
capable of being employed in the arts-is almost always a tooth, 
which is harder than the other bones of the skeleton, and takes 
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an excellent polish. I shall distinguish it by the name of tur- 
quoise odontolite. ( 

It is not surprising that the mineral turquoise or calaite has 
not been hitherto placed among stony bodies. The reason is, 
that most of them come to Europe already polished, and in 
very small pieces, and that most naturalists have considered it, 
with Reaumur, as merely a tooth coloured by copper. 

That substance was, however, known to the ancients; and 
Pliny has described it pretty well under the name of calaiée, or 
borea, in his chapter on opaque blue gems (lib. 37, c. 8). The 
following are the passages of that naturalist which relate to it. 
“ Calais e.viridi pallens. Nascitur post aversa Indie, apud 
incolas Caucasi Montis, Phicaros et Asdatas, amplitudine con- 
spicua, séd fistulosa ac sordium plena, sincerior multo prestan- 
tiorque in Caramaria. Utrobique in rupibus inviis, et gelidis, 
oculi figura extuberans, leviterque adherens, nec ut agnata petris, 
sed ut apposita.” Pliny speaks pretty correctly with respect to 
the position of this mineral. We should say at present, calaite 
is found in round pieces of the size and shape of the eye in allu- 
vial lands between beds of clay ; non agnata petris, not dissemi- 
nated in a rocky matrix. Further on he compares it to the 
emerald, which certainly was not the gem known by that name 
at present.+ ‘‘ Optimus color smaragdi; ut tamen apparet ex 
alieno est, quod placeant. Incluse decorantur auro, aurumque 
nulle magis decent;” or with his sapphyr, as in cap. x. 
“ Calais sapphirum imitatur, candidior, et litteroso mari similis.” 

There can be no deubt that these passages refer to the mineral 
turquoise ; especially when we consider that the comparisons of 
Pliny do not always refer to the colour, but to the general value, 
as was the manner of the Greeks.{ Thus Pliny places a species 
of calaite in the fourth rank. “ Quarta apud eos (Grecos) voca- 
tur borea, ccelo autumnali matutino similis, et hee erit illa 
(vavietas calaidis) que vocatur erizusa.” 

Tavernier had an exact idea of the mines of calaite, without. 
however characterising the substance itself. He assures us that 
“ in the east there are only two mines of turquoise known ; the 
one the old rock, three days’ journey from Mahed, towards the 
north-west ; the other the new rock, at the distance of five days’ 

* In Greek we find zac; and xaddaiz3 hence the reason why some editors of 
Pliny write callais. 

+ Ido not mean to say that Pliny was unacquainted with the emerald. Its 
colour and beauty are well expressed by these words (1. c. cap, v.): ‘* Tertia auc- 
toritas smaragdis perhibetur pluribus de causis. Nullius coloris aspectus jucundior 
est. Nam herbas quoque virentes frondesque avide spectamus. Smaragdos vero 
tanto Jibentius quoniam nihil omnino viridius comparatum illis viret.” Pliny 
assures us himself that we must not take this comparison ina strict sénse by adding, 
** ut tamen apparet ex aliene est.” 

{ “Sed minus refert nationes (istas gemmas gerentes) quam bonitates distin- 
guere. Optima ergo, que purpure quicquam habet, secunda que rose, tertia 
que smaragdi, Singulis autem Graci nomina ex argumento dedere.” Pin. ibid. 
versus fipem, 
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journey. Those of the new rock are of a bad blue, and but little 
valued ; as many of them as we choose may be obtained for little 
money ; while for some years the king of Persia has forbid the 
old rock to be dug, except for his own use.” 

It appears to me astonishing that Reaumur did not subject 
these oriental turquoises to an analysis, or at least to a compa~- 
rison with those of Simore, knowing that the ambassadors sent 
by the king of Persia to Louis XIV. brought among their pre- 
sents a great many turquoises, which appear to have been all 
from the new rock, as their colour inclines to white. Reaumur 
wished to explain every thing by the objects which the mines of 
Languedoc furnished him with. 

If Haiiy, m his valuable work, seems fully to confirm the ideas 
of Reaumur by saying: ‘‘ On trouve des dents molaires ou 
autres parties osseuses d’animaux, penetrées de molecules 
cuivreuses, qui leur donnent une couleur bleue et quelquefois 
d’un bleu-verdatre. Les premiers ont été apportées de Turquie, 
ce qui a fait donner a cette substance le nom de turquoise,” it is 
not surprising that the calatie, the true stone which comes from 
Persia, has not yet obtained a place in the systems of mine- 
ralogy. a 

Though Meder had very well characterized this substance, 
though Agaphi had ascertained the nature of the place in which 
it occurs, and though Lowitz had proved by analysis that the 
oriental turquoise contains merely a trace of lime, and no phos- 
phoric acid, Reuss has notwithstanding made it only a fossil, a 
petrified substance. 

To avoid all confusion, I shall reserve for the stony turquoise — 
the name of calaite, given it by Pliny. This essay, therefore, 
shall be divided into two chapters. In the first I shall treat of 
a hardened clay, coloured by an oxide of copper, or an arseniate 
of iron—a substance which must occupy a place in the oryctog- 
nostic system. In the other I shall give an account of the fossils 
which have been found changed into turquoises by the contact 
of the requisite substances. 

Under these two points of view we must divide the authors 
who have treated of the turquoise. 

Authors who have treated of the Calaite or the Stony Turquoise. 

Tavernier, J. B. Voyages en Turquie, en Perse et aux Indes, 
a Paris, 1678. Ato. 

Boccone, intorno le Turchine o Turquoises della nova rocca. 
Museo di Fisica. Observ. 43. p. 278. 

Meder et Lowitz, Notices employées par Reuss, Mineralogie 
ii, th. b.in. p. 511. 
Agaph Dmitrie, Etwas von der eigentlichen Beschaffenheit 

des Orientalischen Turkis. See Pallas Neueste Nordische Bey- 
eee B. i. p. 261. n. xiii. 

rickman in Crell’s Annalen, 1799. B.u, p. 185-—199. 
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Fischer, Gotthelf, sur la Turquoise Orientale. See Mem. de 
la Soc. Imper. des Naturalistes de Moscou. Vol. i. de la 
Seconde Edition, p. 140—149. 

John, J. F. Experience et Analyse Chimique de la Turquoise; 
ibid. n. xvii. p. 131—139. Bemerkungen uber den Tirkis in s. 
Chem. Untersuchungen. B.i.n. xxv. p. 190—192. In Gehlen’s 
Journal fur die Chemie u. Physik, iii. 1. 93. 

Blumenbach, in v. Moll’s neuen Jahrb. der Berg. u. Hiitten- 
kunde, 11. 275. 

Authors who have.treated of the Turquoise vulgarly so called, or 
of the Turquoise Odontolite. 

Guy de la Brosse, sur la Nature et lUtilité des Plantes. 
Paris, 1628, p. 421. 

Mortimer, Cromwell, Remarks on the precious Stone called 
the Turquoise. Phil. Trans. No. 482 and 483, p. 429. 

Reaumur, Observations sur les Mines des Turquoise du Roy- 
aume sur la Nature et la Maniere dont on lui donne la Couleur. 
Mem. de l’Acad. des Sciences de Paris, 1715. P. 174—202. 
Lommer in der Abhandlungen einer Privatgesellschaft in Boh- 

men, i. p. 112.—The author pretends that the turquoise is an 
artificial production. 

Brickmann’s Abhandlung von Edelsteinen, p. 329—341. 
1 Forts. p. 246—247.. 2 Forts. p. 247—248. 

Cuvier, G. Extract d’un Ouvrage sur les Especes de Quadru- 
pedes dont ona trouvé les Ossemens dans |’Interieur de la Terre, 
an. 9. 4. p. 6. 

Emmerling’s Mineralogie, ii. p. 270. 
Kirwan’s Mineralogy, u. 190. 
Reuss’s Mineralogie, 1. 3, p, 511. 
Haity’s Traité de Mineralogie, iii. 570. 
Brochant, Traité Element. de Mineralogie, i. 212. 
Suckow’s Mineralogie, il. 227. 
Patrin, sur la Turquoise, Dict. et Hist. Nat. Art, Turquoise. 
Bouillon la Grange, Ann. de Chimie, lix. 180. 
Klaproth and Wolf, Dict. de Chimie. Art. Turquoise. 
It is unnecessary to say here that the artificial turquoise, or the 

imitation of it by a paste, cannot enter into this dissertation. I 
shall have an opportunity of showing that all the turquotse odon- 
tolites have undergone a change of some kind or other by the 
action of fire, and in this point of view ought to be considered 
as artificial, at least in part. 

The name turquoise seems to be owing to this, that those 
from Turkey were first known. 

The object of this essay on the turquoise, of which I have 
already communicated the principal ideas to the Imperial Society 
of Naturalists, who have printed them in their Memoirs, and the 
principal interest of which depends upon the analysis of my 
esteemed friend Dr. John, is to assign the calaite a place in the 

7 
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oryctognostic system, and to add to the notions which we have 
respecting the turquoise odontolite, some new discoveries, at the 
same time that I exclude it, as ought to be done, from the num- 
ber of stony bodies. 

Cuap. 1.—Of the Calaite. 

Description of the external Characters of the Calaite. 

Calais, Plin. Begica in Russian, birousa in Persian, turquoise 
vulgarly. ae 

olour. ‘ 

Calaite is blue, intermediate between sky-blue and pale verde- 
eris green; that is to say, of a peculiar blue, which must be 
called calaite, or turquoise blue. It may be obtained by mixing 
two parts of mountain blue with one part of mountain green. 

This blue passes on the one side through smalt blue to the 
finest sky blue; on the other side through pistachio-green to 
apple-green, which does not yield in any thing to the most 
beautiful chrysoprase. 

Yellowish-green and celadon-green are the colours of pieces 
altered by the atmosphere without being decomposed. Botry- 
oidal portions are usually observed on the surface, sometimes 
surrounded by a layer of yellow matter down to their roots, 
giving to pieces thus cut the aspect of annular. | 

External Shape. 

‘It occurs massive, in layers, and disseminated. 
a. In reniform masses which, at the surface, are mamelated 

and botryoidal ; from the size of a nut to that of a goose egg. 
The largest piece that I have seen is in the museum of the 
Imperial University of Moscow, coming from the rich donation 
of his Excellency Councillor of State, the Chevalier Paul de 
Demidoff. This piece is 31 inches long, 1 inch & lines in 
breadth, and | inch 2 lines in thickness in some places.* It 
weighs four ounces five drachms. His Excellency Dr. Crichton, 
Councillor of State at Petersburgh, possesses a piece which is 
not much smaller. This gentleman, equally celebrated and vene- 
rable for his medical skill and his goodness of heart, has formed 
a collection of minerals which may be called the coquetry of 
science. The rarest objects, the most perfect and most varied 
crystallizations, form the principal object of this collection. The 
third piece in point of grandeur belongs to M. Wenck. It 
weighs 174 solotniks, or 1035 gr. 

b. In rounded pieces ; very rarely ; [have seen in the posses- 
sion of M. Wagner, member of our Society, a single piece, 
which seems to have been rounded by the action of water. I 

a 

" * This piece, like all those which pass legitimately in commerce, has the Persian 
mark of its origin and authenticity, 
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have since procured another, which, although a little altered at 
the surface, appears to have undergone the same change. 

c. In layers, and disseminated in an umber brown substance, 
porous, and very hard, which I formerly took for a clay porphyry : 
but which I have more lately ascertained to be an indurated clay 
ironstone (verharteter Thoneisenstein). Meder called it a clay 
slate, reposing on veins of quartz; but the matrix in which that 
variety of calaite is found, when treated by the blow-pipe, is 
attracted by the magnet, which leaves. no doubt about its nature. 

d. The rarest position of calaite in beds is in conchoidal sili- 
ceous schistus (Lydian stone), in which we find likewise very 
distinctly veins of quartz, but other veins are filled with layers 
of calaite. A very interesting piece which serves as a proof of 
this assertion may be seen in the fine collection of M. Wagner. 

Lustre. 

It is dull internally ; of a waxy lustre in some pieces of a sky 
blue colour ; splendeut in those which are intimately combined 
with quartz.. 

Fracture 

The fracture is compact or subconchoidal in the mamellated 
pieces ; conchoidalin the blue, when the calaites occur in layers; 
in other specimens the fracture is uneven and rough, especially in 
some green varieties; in others, fine scaly; namely, in the 
quartzy or vitreous calaite, especially in that which is formed in 
the siliceous schistus when the veins of quartz are not completely 
converted into. calaites. 

Fragments. 

The fragments are indeterminate, often triangular with sharp 
edges. 

Transparency. 

It is commonly opaque, very rarely a little transparent on the 
edges. 

Hardness. . 

It is hard, but not so much so as quartz, on which the sharp 
fragments make some scratches, but are speedily blunted, leaving 
a white powder. This is a very good way of distinguishing 
calaite from malachite, muriate of copper, or scoriaceous copper 
ore, which in some varieties approach a good deal to the blue or 
the green of calaite, so that the Boukhares often sell them for 
calaites. 

Calaite yields with difficulty to the knife, and gives a white 
powder ; the ores of copper, malachite, muriate of copper, Kc. 
yield easily to the knife, and give a green powder, little different 
im colour from the mineral itself. 

The whitish decomposed pieces are friable, adhere strongly to 
the tongue, and resemble exactly porcelain clay, sometimes snow- 
white, or having a slight bluish tint, 
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Physical Characters. 

It is moderately heavy. The specific gravity varies according 
to the different varieties : 

Grass-green calaite........... 2°7568 Pansner 
Apple-green calaite. ...... -- 2 2°6296 Ditto 
Mamellated ditto. ..... eeeeee. 2°860 Fischer 
— me By Lita 3°000 John 
Sey CWO ce aan cab gt ap 3°250 Fischer 

None of the varieties of calaite appears to acquire any electri- 
city by friction. 

Chemical Characters. 

All the varieties of calaite remain unaltered though plunged 
into muriatic acid.* 

Muriate, or scoriacious copper, which approaches much to 
some varieties of calaite, acquires, when plunged into the same 
acid, a more beautiful colour, and becomes transparent like the 
emerald ; but when dried, becomes covered with a white coat. 

This examination of the external characters of several calaites 
shows clearly that there are three distinct species differing in 
their fracture, colour, specific gravity, constituents, and position. 

1. Calaite, properly so called. 

Calaite, Fischer, Mem. des Nat. 1. p. 149. Onomasticon 
(1815) p. 8. familia Argille. 

Turcosa, Fischer, Onomast. (1811) p. 53, after the wavellite. 
(Syn. Turchesia ; Turchin.) 

Tiirkis, Ullmann, Mineral. einf. Fossilien, p. 76, n. 103. 
Dichter Hydrargillite, Haussmann Handb. der Mineralogie, 

. 444, c. 
¥ This species is almost always of the fine blue, which I have 
called calaite blue ; it occurs in reniform and botryoidal pieces ; 
it is opaque, and not even translucent on the edges. Sp. gr. 
2°860, Fischer. ; 

Chemical Characters. 

Calaite is a clay, coloured by oxide of copper. Professor Jobn 
made an interesting analysis of this variety for the Society of 
Naturalists. The museum of Moscow furnished him with the 
necessary specimens, with the permission of Chevalier Paul de 
Demidoff, as the collection was in possession of several. As it 
is interesting to know the process of M. John, I shall transcribe 
his account of it such as he deposited it in the archives of our 
Society. 

* The French jewellers consider it as a principle, that the true turquoise should 
effervesce in sulphuric acid. This isa proof that they think only of the French 
turquoise, or turquoise odontolite, the true stone, or calaite, not yielding to the 
strongest acids, 



1819.] the Turquoise and the Calaite. 413 

a. Two hundred parts of the mineral in fine powder were 
mixed with 10 times their weight of nitric acid, and subjected 
to ebullition for an hour. The mixture diluted with water and 
filtered left a brownish-grey powder on the filter. After washing 
and drying it, I put it aside for further experiments. 

6. The nitric acid solution being evaporated to dryness, and 
the residue redissolved in water, left about one part of silica. 
The solution was divided into two parts. 

c. A polished plate of iron plunged into one of these parts 
precipitated in a dendritical form 34 gr. of copper. 

d. The solution freed trom copper was boiled with an excess 
of caustic potash. After having washed and dried the resulting 
precipitate, I obtained oxide of iron which contained a trace of 
alumina. 

e. The liquid remaining from d having been saturated with 
nitric acid was decomposed by carbonate of ammonia. The 
earth precipitated in this way was separated from the liquid by 
filtration. Being redissclved in sulphuric acid, and mixed with 
a little potash by evaporation and crystallization, pure alum was 
obtained. 
f- After having boiled the other half of the solution with 

caustic potash, a dark-brown precipitate fell, which was washed 
and dried, and digested for an hour in nitric acid. There 
remained one grain of oxide of iron. 

g. After saturating the blue liquid thus freed from iron with 
ammonia, M. John added to it prussiate of potash. A brick-red 
precipitate fell, which, being washed, dried, and calcined, 
weighed 41 gr. and consisted of oxide of copper. If we subtract 
the small quantity of iron shown to exist in this precipitate by 
prussiate of potash, the true weight of the oxide cf copper will 
be 41, corresponding to the 31 of copper above-mentioned. 

h. The liquid freed from copper was neither altered by oxali¢ 
acid nor by the carbonate of potash. 

i. The alkaline hxivium f was saturated with nitric acid, and 
decomposed by carbonate of ammonia. The earth precipitated 
in this way was separated from the liquid by the filter. After 
being washed and calcined, it weighed 70 gr. and was alumina. 

k. The residue remaining from a was boiled with caustic pot- 
ash. The mixture being diluted with water, then dissolved in 
nitromuriatic acid, evaporated to dryness, and redissolved in 
water, left a powder, which, being collected on the filter, washed, 
and calcined, weighed 14 gr. It was silica proceeding from the 
pulverisation of the turquoise in the mortar. 

1. On adding caustic ammonia to the nitromuriatic acid solu- 
tion, a gelatinous precipitate fell, which, being collected on the 
filter and washed, was boiled with caustic potash. In that way 
three grains of oxide of iron were obtained. 

m. ‘The alkaline ley being saturated with an acid and decom- 



414 Dr. Gotthelf Fischer’s Essay on [Dec. 

posed by carbonate cf ammonia, three grains of pure alumina 

were obtained. 
n. The liquid / freed from alumina and iron was saturated with 

nitric acid, and mixed with a solution of prussiate of potash. 

By this means 1th of a grain of oxide of copper was obtained. 

Thus 100 parts of the calaite subjected to experiment furnished 

FAYOMMG."'s's oe os SN of c 70:00 , 
OM 300% 73-0 

Oxide of copper....... of g 4:25 45 
n 0°25 : 

WAI Sh cee oe Ge et > ape cai eid dee 18:0 
Oxide of iron.’........ of f °1-00 ‘ 

i a0 in 
Dead ane IGS <. oyg0 ae cines etnies gile 

100-0 
Position. 

Calaite occurs in alluvial grounds, and as far as we know at 

present, only in the neighbourhood of Nichabour, in the Khora- 
san, in Persia. It ought to, be of the old rock ; for we find it 
very seldom in commerce, and I have only seen the specimens 

of it which I have mentioned above. It 1s probable that these 
kidney-shaped pieces occur in beds of a brownish clay. The 

rounded or rolled pieces necessarily belong to this species. 

2. Agaphite. 

Conchoidal calaite, conchoidal turquoise. Mem. de la Soc. 

Imper. des Natur..1. 149. 
he agaphite varies most in colour. It occurs of the palest 

and of the deepest sky blue. But its external figure is constant, 

as it ocewrs always in layers in an argillaceous oxide of iron, 

more or less hard. Its layers vary in thickness from a lime and 

less to five lines. It is opaque; but the darkest coloured speci- 

mens, which are also the smallest, are translucent on the edges. 

Sp. gr. 3:26, Fischer ; 3-00, John. » 

Chemical Characters. 

We have not yet obtained an exact chemical analysis of this 

species; but we have no reason to doubt the assertion of Dr. 

Macmichael, who, just after his arrival from Sweden, assured us 

that the celebrated Gahn had undertaken an analysis of the tur- 

ene according to whom it is coloured by arsentate of iron. 
This analysis can only be applied to the agaphite. 

Position. 

It is found in beds accompanied by a very indurated argilla- 
ceous ironstone. The matnx has been sometimes called tzle-ore, 
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sometimes zxdurated clay, sometimes porphyry, and sometimes 
lava. But having shown above that the matrix, when treated 
by the blow-pipe, becomes attractable by the magnet, an expe- 
riment which Dr. Macmichael repeated before my eyes, there 
can be no doubt that it is an argillaceous iron ore. It was 
respecting this species that M. Agaphi made researches on the 
spot without being intimidated by the fear of death, or of becom- 
ing a slave. Naturalists will doubtless concur with me in my » 
desire to erect a monument, though not a very durable one, for 
such heroic researches, by giving to this species the name of 
agaphite. The following is the account which he sent to the 
late M. de Lawadowsky, Minister of Public Instruction, such as 
it was published by Pallas, and afterwards in our Memoirs, in the 
place cited above, among the bibliographical notes respecting 
calaite. ; 
“On my return from India to Russia by land, I passed 

through the Khorasan, not far from Pichapour (Nichabour). I 
was informed, to my great satisfaction, that it was the only part 
in all Asia which possessed mines of turquoises. Eager to see 
these mines, I despised the risk of being made a slave, accord- 
ing to the custom of the country, and I resolved to examine 
myself the manner of obtaining the turquoise to remove my 
doubts, and thus to confer a benefit on the scientific world. 

“‘ The following are my observations on these mines. They 
satisfied myself, and will, perhaps, be agreeable to other natu- 
ralists. The mines of turquoise occur in mountains, which are 
not very high, and whose surface is covered with an arable soi 
mixed with sand, but which, in consequence of the heat of the 
climate, produces nothing but bent. No certain index of these 
precious stones occurs; but the inhabitants are led to suspect 
their existence from the ochre-brown pebbles which are found 
at the bottom of these mountains, and endeavour to discover 
them by digging pits of no great depth. - 

“ T visited with much attention several mines already disco- 
vered, and I found that the matrix of the turquoise forms veins, 
which appear to extend in all girections as the branches of a 
single trunk, or as the secondary arms ofa river; so that, when 
a small vein is discovered, it is only necessary to pursue it to 
discover others of more importance. 

“ The matrix of the turquoise occurs in horizontal beds. (like 
. that of chrysoprase) which have from 1 line to 10 lines in thick- 
ness. In these it is disseminated; so that a piece is very rarely 
found which is 12 or 14 inches in length and breadth. Among 
the beds which contain the turquoise, either in veins, or dissemi- 
nated‘in grains, or reniform, are found likewise beds of the 
matrix of the same thickness, but without the turquoise. 

“ Among these veins are chosen the pieces, which contain 
the turquoises in mass, and very little of the matrix. It is dif_fi- 
cult to discover among many pieces a pure turquoise of the size 
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of a pea. Those of the size of a nut are very rare, and very much 
valued, as the commerce of turquoises with the Afghans, the 
Persians, and other Asiatic nations, 1s very great.” 

The finest agaphite, or calaite, in layers which I have hitherto 
seen is in the collection of M. Weyer, jeweller at Moscow. It 
is of the finest colour, cut in the form of a heart, and is two 
imches five lines in length, and two inches nine lines in breadth 
at the broadest part. It is accompanied by the matrix, which 
has received the same form, to serve as a support to the stone, 
which of itself is too thin to be cut into a table shape. What 
renders this stone more remarkable is, that it served, according 
to report, as an amulet, or talisman, to Nadir Shah, containing a 
verse of the Koran very well engraved in gilt letters. It was 
purchased at Meched, and M. Weyer offers it for sale at the 
price of 5000 roubles. — 

3. Johnite. 

Quartzy turquoise, vitreous, or scaly. Mem. de la Soc. des 
Nat.i. 149. 

It has a light-blue colour, which passes into green. It occurs 
in very thin layers, in a black siliceous slate. It is harder than 
the two other species, scratches glass strongly; but does not 
give sparks with steel. The fracture of it is scaly. 

This species, as I mentioned before, is more rare than the 
others. Iam acquainted only with one specimen in the collec- 
tion of M. Wagner. It certainly exists more frequently in 
nature, but is seldom met with in commerce, because it is not fit 
to be polished. 

Its specific gravity and chemical composition are unknown ; 
but it is probable that it contains some silica, in consequence of 
the siliceous matrix with which it is accompanied. We have 
not been able to discover any thing respecting its position. 

I have given to this species the name of Johnite, in honour of 
Prof. John, of Berlin, who, by his chemical researches, daily 
gains more and more of the esteem of men of science. 

Uvges. 

Calaite is employed as an ornament in diadems, bracelets, 
rings, with or without brilliants; or, especially among the 
Persians, to adorn the handles of knives, sabres, &c. or to con- 
struct talismans, as I have mentioned above. 

Cuap. I].—Of the Odontolite, or Occidental Turquoise. 

The article respecting the odontolite turquoise requires to be 
treated as an object of zoognosy. The following are the prin- 
cipal questions which require to be answered : 

1, What are the parts ofthe skeleton hitherto found converted 
into turquoise ? 

2. To what animal do they belong? 
3. Where do the principal depots occur ? 
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Answer to the first Question. 

If we give the name of turquoise to every animal substance 
which has been penetrated and coloured green or blue by 
metallic oxides, and particularly by copper, it is obvious that 
any part of the skeleton, and even the whole body, may-have 
been converted into turquoise provided all the parts be capable 
of undergomg the change. But it appears that the teeth are the 
only parts which possess sufficient hardness to become true 
turquoises in the full acceptation of the word. If entire skele- 
tons,* or parts of skeletons, still surrounded with dried muscles, 
have appeared to assume the form of turquoise, it seems more 
reasonable to consider them as passages to that state than as 
true turquoises. 

There can be no doubt that Bouillon la Grange analyzed a 
French turquoise, or a bone turquoise. He found its specific 
gravity 3:127. Before the blow-pipe it became greyish-white 
without melting. This operation rendered it friable, and it lost 
0-06 of its weight. Its solutionin nitric and muriatic acids was 
colourless. It was composed of 

Phosphate of lime. .......... 80 
Carbonate of lime. .......00. 8 
Phosphate of won Jel... cae ess 2 
Phosphate of magnesia. ...... 2 

92 

_ The experiments of Prof. John with the blow-pipe, in presence 
of the members of the Imperial Society of Naturalists, in order 
to change the teeth of the mammoth into turquoises, appear to 
contradict those of Bouillon Lagrange ; but if we consider that 
the turquoises of Simore have already undergone a degree of 
calcination, itis not surprising that they appear grey before the 
blow-pipe. 

Answer to the second Question. 

Naturalists have hitherto spoken only of two animals whose 
teeth are capable of furnishing turquoises. These are those 
which Reaumur has described, and of the teeth of which he has 
given figures. 

1. Dentes Molares, with four Eminences of considerable Size. — 
These teeth appear to belong to an animal similar to that of the 

* Swedenburg has engrayen the figure of the skeleton of a quadruped which had 
been coloured by this metal. We see in the Museum d’Hist, Nat. of Paris the 
hand of a woman, the extremities of the fingers of which are green, and the 
muscles of which, dried, like a mummy, are also green, If it has been said that 
the whole of this hand has been converted into turquoise, the fact has been exag- 
gerated, and the term turquoise abused. But the exaggeration is true if we give 
the name ef turquoise to an animal substance penetrated or coloured by an oxide 
of copper. , j 
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Ohio, or the carnivorous elephant. It is the mastodonte of 
Cuvier, and the mastothertum of my Zoognosy.* 

The upper part of that which Jussieu has figured, and which 
Reaumur reports, pl. 7, fig. 17, was five inches in diameter, and 
five inches long, although the roots were not complete. 

2. Teeth with four to five obtuse E:minences, and less elevated. 
—Reaumur, pl. 7, fig. 1,3. 

These teeth, with tubercles, of the summit more obtuse, anda 
little channelled, present naturalists with two species very differ- 
-ent in size belonging to a new genus of fossil animal. 

I have observed that property in the teeth of other species of 
animals, and I here give the description and the figures. 

3. Dens Molaris, with a flat Summit, and Plates turned upon 
themselves, with two principal Folds, which almost touch the 
external Surface.—(See Plate XCIX, fig. 1, reduced one-fifth.) 

This tooth belongs to an animal unknown to zoologists. It 
-was completely penetrated with the green colour, so that it had 
the appearance of being composed of malachite. This tooth was 
given to our Society by M. Nikite de Mouraview, but it was 
unfortunately destroyed in 1812 by the flames. 

4. Dens Molaris, elongated with a flat Summit, with 1 
turned on themselves, and two. Folds less deep and equally d 
from the external Surface.—(See fig. 2, reduced in the 
proportion.) meats 

e do not know the animal to which this tooth belong: 
presents a slight curvature, which in others is greater. [ 
seen some of them green, some azure blue, and others 
partially coloured. 

Native place, Siberta, Miask. 
5. Dens Molaris, with a flat Summit, and Plates triply f 

so that each Fold encloses one or two compressed Tubes forn 
a vitreous Substance.—(See fig. 5.) 

A singular character belonging to this tooth is to poss 
the principal channel a kind of stalactite of vitreous matte 
5, 6, *,) which I have observed in all similar teeth. . 

The animal which possessed teeth of this kind is unkno 
-naturalists. "Tet 

I likewise lost this tooth by the flames, but there is as 
one of a very deep-green colour in the rich museum of the 
rial Academy of Sciences of St. Petersburgh. One of my 
gave me a third of the same animal, but it has only a sligh 
of azure blue. 

_ T have reason to believe that these teeth come from Miz 
Siberia. 

* The idea of giving to all the fossil mammalia the same termination, whieh 
. Cuvier has applied to different animals, as megatherium, anoplotherium, pal«othe- 
_ Tium, is at least very useful for communicating information. It has induced me to 
change Jefferson’s megalonyx into onychotherium, and to form the words elasmothe- 
rium, trogontherium, pterotherium, though I am not ignorant of Linnzus’s rule 
which excludes such generic names. But it can no longer be followed, at least as 
far as the great series of fossil animals without vertebrz is concerned, : 
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6. Dens Molaris of an Animal of the Stag Genus.—(See fig. 6.) 
This tooth was found in a copper mine in the government of 

Olonez, which has been abandoned these 20 years. I am 
indebted for it to the kindness of M. de Foullon, who possesses, 
perhaps, the most instructive collection of these interesting 
countries. : 

7. Dens Molaris of a carnivorous Animal.—(See figs.3 and 4.) 
This tooth has lost one of its roots. The eminences of the 

summit are partiy obliterated. Itis entirely covered with a ver- 
digris-coloured oxide of copper. 

The place where it was found is unknown. _It is very probable 
that we shall hereafter discover several other teeth equally 
entitled to the name of turquoise. And from what I have said 
in answer to the first question, other parts may be susceptible of 
the same change. 

Answer to the third Question, Where do the principal Depots 
occur? 

The principal depots which have served to form turquoises are 
those of France. They occur in Lower Languedoc, near the 
town of Szmore and its environs, as at Batllabatz and at Lay- 
mont. There are others, according to Reaumur, nearly in the 
same country, on the side of Auch, at Gimont, and at Castres. 

Guy la Brosse, in his work (of 1628, p. 421), On the Nature 
and Utility of Plants, is the first person that makes mention of 
it. He calis Licorne minerule and mother of the turquoises 
(p. 467 and 521). ‘ The licome,” says he, “ is a stone having 
the shape of a horn, and the consistence of a stone, which, 
being exposed to a graduated heat, gives the true turquoise. It 
is called /icorne minerale because it resembles the horn of an 
animal. 
We learn two things from this notice of Guy la Brosse: 

1. That tusks were employed for forming good turquoises ; 
2. That the true colour is given by the fire. 

Reaumur described afterwards the manner of heating the 
turquoise, and gives a figure of the peculiar furnace employed 
for the purpose. From this, what I stated above follows clearly ; 
that the French turquoises are prepared by the fire, and conse- 
quently are partly artificial. 

Other depots are likewise mentioned, from which I have not 
yet seen specimens ; namely, Nivernots, Silesia, Lesta in Bohe- 
mia, Thurgau in Switzerland. We must add likewise from my 
observations, Siberia (Miask), and the government of Olonez. 
The number of places will doubtless augment in proportion as 
more attention is paid to fossils. ; 

I shall finish this dissertation with the question, how can we 
distinguish a turquoise from a calaite, or the turquoise of France 
from the turquoise of Persia? The hardness is the first character. 
Distilled vinegar deprives it of its colour, and nitric acid dissolves 

2n2 
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jt completely. The polish of the turquoise is not so good as 
that of the calaite, and exhibits plates, rays, or filaments, 
depending upon the bony structure. Rosnel affirms with justice 
that all the turquoises of France have their surface covered with 
radii, or filaments. And though Reaumur affirms that the more 
sensible the plates are, the worse are the turquoises, this cireum- 
stance does not fail to be a certain character for distinguishing 
the tooth turquoises of France from the true mineral, or the 
ealaite of Persia. 

a 

Articie IIT. 

Researches on anew Mineral Body found in the Sulphur extracted 
from Pyrites at Bahlun. _ By J. Berzelius. . 

(Continued from p. 265.) 

3. Seleniate of Ammonia.—We obtain the neutral salt by dis- 
solving selenic acid m concentrated caustic ammonia, leaving a 
‘small excess of acid. We leave the liquid in a temperate place ; 
the seleniate is gradually deposited in crystals, partly feather- 

‘shaped, and partly in four-sided prisms, or oblique four-sided 
prisms. The crystals deliquesce in the air. a 

The biseleniate is formed when the neutral salt is dissolved in 
water, and the solution allowed to evaporate spontaneously. A 
portion of the ammonia exhales with the water, and the bisele- 
niate is deposited in acicular crystals which are not altered by 
exposure to the air. 

The quadriselentate is produced by the evaporation of a_solu- 
tion of the biseleniate by means of heat, or by the addition of 
selenic acid to the biseleniate. It does not crystalhze, and, when 
evaporated to dryness, soon recovers its liquidity by absorbing 
moisture from the atmosphere. 

If we heat the seleniate of ammonia in a retort, water and 
ammonia are at first disengaged ; then the ammonia decomposes 
the selenic acid, producing azote and water which distils over. 
This is usually followed by a little quadriselemiate, which -is 
likewise sometimes deposited ina dry state on the upper part of 
the retort. Atthe bottom we find a button of melted selenium. 
The decomposition takes place with a strong effervescence, but 
without detonation, at least with the small quantities on which 
1 operated. 

4. Seleniate of Barytes.—The neutral salt is msoluble in 
water, pulverulent, and does not alter the colour of moist litmus 
paper. At the temperature of melting glass it does not melt, 
and it does not appear to contain combined water. It is soluble 
both in ‘selenic acid and in the strong acids. We obtain this 
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salt by precipitating muriate of barytes with a neutral alkaline 
seleniate. 

The diseleniate is formed when the carbonate of barytes is 
dissolved in selenic acid, till all effervescence is at anend. When 
the solution is evaporated, the biseleniate crystallizes in the form 
of round grains, which are transparent, and have sometimes a 
smooth surface. On breaking these grains, we find them com- 
posed of concentric rays. If the liquid contains no excess of 
acid but that which is in the biseleniate, and if we allow it to 
evaporate spontaneously, it deposits a milk-white mass, com- 
posed of small opaque grains. This mass dissolves slowly in 
water, and appears at first little soluble ; but when once dissolved, 
it remains in solution even when a considerable portion of the 
water is evaporated. A solution of biseleniate mixed with 
ammonia lets fall the neutral seleniate. 

Two grammes of the neutral seleniate of barytes which had 
been dried in a red heat, having been dissolved in muriatic acid, 
left a little selenium, which was made to disappear by the addi- 
tion of nitric acid. ‘he barytes was then precipitated by means 
of sulphuric acid. The sulphate of barytes, after bemg well 
dried, weighed 1-765 gramme, equivalent to 1:1586 gramme of 
barytes. Hence 100 parts of selenic acid had been combined 
with 137-7 parts of barytes, which contain 14°32 of oxygen. 
This agrees very well with the capacity of saturation of the acid 
given above. 

1-271 gramme of biseleniate of barytes, deprived of all mois- 
ture, yielded 0-785 gr. of sulphate of barytes, equivalent to 0°5153 

of barytes. Hence 100 parts of selenic acid had been combined 

with 68 parts of barytes, or about the half of the base contained 

in the seleniate. This shows that the same relation exists 
between these salts as between those which have a base of soda. 

5. Seleniate of Strontian.—The neutral salt is a white insolu- 
ble powder. The biseleniate may be obtained by dissolving the 
carbonate of strontian in selenic acid. When the solution is 

evaporated slowly, the salt is deposited in milk-white crusts, 

which exhibit no trace of crystallization, and which dissolve 

again with great difficulty even in boiling water. The dry bise- 

leniate, when heated, melts at first, and gives out its water, 

swelling at the same time, and forming a porous mass, from 

which the heat drives off the excess of acid. The neutral sele- 
niate which remains does not melt. 

6. Seleniate of Lime.—The neutral salt is but little soluble in 
water. It precipitates gradually as we dissolve carbonate of 

lime in selenic acid. When dried, it forms a crystalline powder, 
soft to the touch, and precisely similar to carbonate of lime, 
When heated to redness, it liquefies. The melted salt attacks 

the glass, a kind of effervescence takes place, b which the 

substance of the glass, and not the melted salt, 1s filled with 

small bubbles which dilate, and at last perforate mn glass, so 
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that the melted salt runs ovt. This property, which the sele- 
niate of lime has in common with the seleniates of magnesia 
and of manganese, is very remarkable. I do not pretend to 
explain it. 

The biseleniate is obtained when the preceding salt is dissolved 
in selenic acid. The solution crystallizes to the last drop in the 
form of small prisms, which are not altered by exposure to the 
air. Caustic ammonia removes one half of the acid, and leaves 
the neutral salt. Heat produces the same effect. 
7. Seleniate of Magnesia.—Selenic acid decomposes the 
carbonate of magnesia with effervescence without however dis- 
solving it, because the new compound is very little soluble. The 
result is a crystalline powder. It is soluble in boiling water, but 
a great quantity of that liquid is requisite. The solution when 
evaporated gives small crystalline grains, which under the 
microscope exhibit the form of small prisms, and small four- 
sided tables. When heated, the salt gives out its water of 
combination, and becomes enamel-white. Heat does not melt 
it, nor drive off its acid; but it attacks the glass vessel, which 
swells up, and is penetrated by a great number of bubbles. 
We obtain the biseleniate by dissolving the preceding salt in 

selenic acid and adding alcohol to the solution. The biseleniate 
precipitates in a pulpy coherent mass, which attracts moisture 
from the air, and which does not crystallize though it be 
dissolved in water and the solution evaporated. 

8. Seleniate of Alumina.—The neutral salt is insoluble. We 
obtain it by evaporating a solution of muriate of alumina to 
dryness, dissolving the salt in water, and precipitating it by 
biseleniate of ammonia. The solution of alum is not precipitated ; 
but if we mix with it a neutral seleniate with an alkaline base, 
the seleniate of alumina is precipitated. The precipitate is a 
white powder, which, when heated, gives out in the first place 
water, and afterwards the whole of its acid. 

The diseleniate is produced by dissolving the preceding salt, 
or the hydrate of alumina in selenic acid. The liquid has an 
astringent taste, and, when evaporated, yields a colourless, trans- 
parent mass, similar to gum. 

9. Seleniate of Gluctna.—The neutral salt is a white insoluble 
powder. The dise/eniate is soluble. When evaporated, it leaves 
amass resembling gum. Both salts lose their acid when heated. 

10. Selenitate of Yitria.—The seleniates with an alkaline base, 
when dropped into a soluticn of yttria, throw down large white 
flocks, which do not dissolve in an excess of selenic acid. 
When dried, the salt has the form of a white powder, which, 
when: heated, lets go first its water, and then its acid. 

11. Seleniate of Zirconia.—This salt is a white powder, inso- 
luble both in water and in selenic acid. Heat decomposes it. 

12. Seleniate of Zinc.—The neutral saltis a crystalline powder, 
insoluble in water. When heated, it first gives out its water of 

e 
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crystallization, and then melts. The fused mass is yellow and 
transparent ; but on cocling, it becomes white. Its fracture is 
crystalline. When exposed to nearly a white heat, it boils, and 
a part of the acid is disengaged. At last the mass becomes 
solid. It is then in the state of a subseleniate of zinc no longer 
altered by heat. ' 

The biselentate is very soluble in water. Its solution when 
evaporated gives a transparent mass, full of small rents, and 
similar to gum. 

13. Seleniate of Manganese.—The neutral salt is a white inso- 
luble powder, which, when dried, forms a soft meal, like the 
seleniate and carbonate of lime. It is very fusible, but preserves 
its acid well in close vessels ; but if the air have free access, the 
manganese unites with more oxygen, and the selenic acid is 
disengaged. The seleniate of manganese in a state of fusion 
possesses the property of destroying glass in a much higher 
degree than the seleniates of lime and magnesia. The bubbles 
which form in the glass are larger, they come to the surface, and 
opening, leave holes. The interstices between these holes are 
not liquefied, and the glass thus decomposed is not at all coloured 
by the oxide of manganese. 

The biseleniate is very soluble. When evaporated, it gives a 
crystallizable saline mass. A high temperature reduces it to the 
neutral state. 

14. Perseleniate of Uranium.—The neutral salt is a lemon- 
yellow powder, which, when heated, gives out its salt and a 
pare of oxygen, leaving green oxide. Biperseleniate is formed 
y the solution of the preceding salt in selenic acid. By evapo- 

ration, a varnish of a pale-yellow colour, and transparent, is 
obtained. When entirely dry, it is white, opaque, and crys- 
talline. 

15. Perseleniate of Cerium.—Both the neutral salt and the 
biperseleniate resemble exactly the same salts of the peroxide 
of uranium. 

16. Protoseleniate of Cerium.—A white insoluble powder, 
which dissolves in selenic acid, and forms a soluble biseleniate. 
This is one of the few properties by which the protoxide of 
cerium differs from yttria. 

17. Protoselenate of Iron.—Selenic acid hardly attacks iron. 
The metal assumes a copper colour, being covered by a thin 
coating of selenium, and this puts an end to all action. 

If we mix a protosalt of iron with a neutral alkaline seleniate, 
a white precipitate falls, which gradually assumes a grey colour, 
and then a yellow, in proportion as the air acts upon it. After 
being separated, washed, and dried, it is yellowish-white. If 
we pour muriatic acid on seleniate of iron newly formed, and 
especially if we apply a little heat, the acid is decomposed, leav- 
ing selenium reduced, and not dissolved. By the action of the 
acid, the protoxide of iron reduces a part of the selenic acid, 
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and the muriatic acid dissolves. the peroxide of iron with a 
portion of the selenic acid not decomposed. This is the reason 
why the muriatic solution assumes a yellow colour. 

The biselewiate is obtained when'the preceding salt is dissolved 
im selenic:acid, or when we nix a protosalt of iron with a soluble 
biseleniate. The biseleniate of iron is but little soluble, and 
begins very speedily to be decomposed. If we heat a solution 
containing this: biseleniate, it is decomposed, and yields a brown 
precipitate. It is a mixture of perseleniate and reduced 
selemum. 

18. Perseleniate of Iron—The neutral salt precipitates by 
double decomposition : a white powder falls, which becomes a 
little yellowish on drying. The perseleniate when heated gives 
out first its water of combination, and becomes red. At a 
higher temperature the acid sublimes, and may be entirely 
driven off. 

If we dissolve iron in a boiling hot mixture of selenite acid 
dnd nitromuriatic acid, taking care that all the nitric acid is not 
decomposed, the hquid deposits during its cooling on the sides 
of the vessel a pistachio green salt in leaf-form.erystals. I have 
reasons for considering-it as a biperseleniate of iron. It does 
not dissolve in water, but muriatic acid dissolves it, and assumes 
an orange colour. Caustic potash added in excess gives a red 
precipitate ; from which it follows that the green colour is not 
owing to the presence of protoxide of iron. When this salt is 
exposed to a high temperature, it gives out its water of crystal- 
lization, and appears black, but becomes colcothar-red on 
cooling. When the temperature is increased, selenic acid is 
disengaged without any trace of reduced selenium, which would 
not have been the case if it had contained protoxide of iron. 
Nothing remains ultimately but red oxide of iron. 

If we digest either of the above-described seleniates with 
caustic ammonia, that alkali separates a portion of the selenic 
acid, and there remains a red subperseleniate, which, like the 
other subsalts of peroxide of iron, passes through the filter when 
we attempt to wash it. This subsalt is decomposed by heat, 
and leaves pure peroxide. From an analytical experiment to 
which, however,-I do not attach much confidence, this subsalt 
is composed of 

1 Eat MR Eile Calg: by eS 
PCTORIOE . o-0g, sina a4, 65 ihn ibn aes 

100 ; 

and the acid and base contain equal weights of oxygen. 
19. Seleniate of Cobalt.—The neutral salt is a rose-coloured 

imsoluble powder. The diseleniate gives, when evaporated, a 
beautiful shining-red varnish. 
20. Seleniate of Nickel—The neutral salt while still moist is 
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a white insoluble powder, which, when dried, assumes a pale- 
apple-green colour. The biseleniate is soluble, and gives a green 
mass resembling gum. 

21. Seleniate of Lead.—Selenic acid precipitates the oxide of 
lead both from the muriate and the nitrate. The precipitate 
formed in the latter salt contains always nitric acid. Weobtain 
pure seleniate of lead by mixing muriate of lead with an excess 
of seleniate of ammonia. A heavy white powder~is formed, 
which speedily falls to the bottom, and is not redissolved by au 
excess of acid. The seleniate of lead melts like the muriate; 
but it seems to require rather a higher temperature. The melted 
mass is transparent and yellowish ; on cooling, it recovers its 
whiteness, loses its transparency, and exhibits a crystallized - 
fracture. In a reddish-white heat, the seleniate of lead begins 
to boil, and selenic acid sublimes. After some time the ebulli- 
tion stops, and a melted subseleniate of lead remains, which, on 
cooling, is semitransparent and friable. Its fracture exhibits a 
very crystalline texture. Seleniate “of lead still moist, though 
repeatedly digested in caustic ammonia, does not part with any 
acid, nor can it be converted in that way into subseleniate. 

It is difficult to decompose seleniate of lead entirely by sul=: 
phuric acid. Itis necessary that the acid be concentrated, and 
boiling. One hundred parts of seleniate of lead yielded 90°63 - 
parts of sulphate of lead, equivalent to 66°67 parts of protoxide 
of lead ; so that 100 parts of selenic acid combine with 200 parts 
of protoxide of lead, the oxygen of which is 14-342. This agrees 
with the results given above. 

Two grammes of nitrate of lead dried to a fine powder, dis- 
solved in water, and the solution then poured into an excess of 
seleniate of ammonia produced 2:01 grammes of seleniate oflead, 
dried in a temperature above 212°. Sulphuric acid being added 
to the liquid from which the seleniate had been precipitated 
separated 0:0075 gramme of sulphate of lead. This experiment 
gives likewise 200 of oxide of lead for 100 of acid. We see 
likewise that seleniate of lead is not absolntely insoluble im, 
water. 

22. Protoseleniate of Copper.—We obtain this salt in the form 
of an insoluble white powder, when protohydrate of copper is 
digested im selenic acid. sfBnho A 

23. Perseleniate of Copper—When we mix a hot solution of 
sulphate of copper with a solution of biseleniate of ammonia, a 
yellowish precipitate fails in very bulky flocks. This precipitate 
rapidly diminishes in volume, andin a few moments is converted 
mto a mass of smal! silky crystals, of a very brilliant greenish- 
blue colour. These crystals area neutral seleniate. The change 
of the flocks into crystals seems to be merely a change of aggre- 
gation occasioned by heat. The same thing takes place, but 
more slowly, if we mix the ingredients cold. Perselentate of 
copper is neither soluble in water nor in selenic:acid. When 
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heated, it gives out in the first place its water of crystallization, 
and becomes of a liver-brown colour. Ata higher temperature, 
it melts, and becomes black. It then begins to boil, gives out 
its acid, and leaves at last only solid oxide of copper. 

The subperseleniate of copper is a pistachio-coloured insoluble 
powder, obtained by precipitating persulphate of copper by a 
seleniate of ammonia with excess of base. It is soluble in an 
excess of ammonia. When heated, it becomes black, and gives 
out its water; it then swells up, and loses its acid. 

24. Perseleniate of Tin.—This salt is a white powder insoluble 
in water, but soluble in concentrated muriatic acid. Water 
precipitates it from that solution. It is decomposed by heat, 
giving out first its water, then its acid, and the oxide of tin 
remains. I have not examined the combination of protoxide of 
tin with selenic acid. It is probable that it partakes of the 
properties of the protoseleniates of iron and mercury, and that 
it reduces a portion of its acid by the influence of a stronger 
acid, or even by heat, in order to form a higher degree of oxi- 
dation. 

25. Protoseleniate of Mercury.—Selenic acid precipitates the 
soluble salts containing protoxide of mercury. The precipitate 
is a white powder, insoluble even in an excess of acid. When 
heated, it melts, and forms a mass of a very deep-brown colour. 
The colour diminishes as the matter cools, and the mass when 
solid has a lemon-yellow colour. If we raise the temperature a 
little higher, the salt begins to boil, and distils over in brown 
drops, which, on cooling, consolidate into an amber-coloured 
mass, most frequently transparent. Caustic potash decomposes 
this salt, separates the acid, and leaves the oxide in the state of 
a black powder. Muriatic acid decomposes it also, even when 
it has been melted ; it dissolves the oxide of mercury with a 
little of the selenic acid, and leaves selenium reduced, just as I 
described the phenomenon when speaking of the seleniuret of 
mercury. 

26. Perseleniate of Mercury.—The neutral salt obtained by 
saturating selenic acid with red oxide of mercury, or procured 
by double decomposition, is a white insoluble powder, or at least 
very little soluble. 

The diperseleniate is obtained when to selenic acid a sufficient 
quantity of peroxide of mercury is added to occasion a com- 

. mencement of the formation of neutral seleniate. The liquid is 
filtered, and then evaporated till it is sufficiently concentrated to 
yield crystals. It produces very large prismatic crystals, 
striated longitudinally, which contain a great deal of water of 
combination. It is very little soluble in alcohol. The alkalies 
decompose it with difficulty; even caustic potash does not 
entirely separate the oxide of mercury. Ammonia and the alka- 
line carbonates occasion no precipitate init. The biperseleniate 
of mercury has exactly the same taste as the corresponding 

7 
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muriate. It is fusible in its water of crystallization, which eva- 

porates by little and little. The auhydrotis salt is not fusible, 

and sublimes without alteration when heated. A solution of 

biperseleniate of mercury, mixed with sulphurous acid, gives 

immediately a white or greyish precipitate of protoseleniate of 

mercury ; but some moments after, this precipitate assumes a 

fine cinnabar colour, owing ta a portion of reduced selenium, 

which is deposited so uniformly on the seleniate that we might 

say that it is combined with it. 

The red oxide of mercury digested with selenic acid till the 

neutral perseleniate has begun to form, is always intimately 

mixed with this perseleniate, which renders its colour more pale. 

This oxide produces, at first view, the singular phenomenon of 

evolving at once oxygen gas and a sublimate of protoseleniate of 

mercury. The reason is, that the uncombined oxide is decom- 

posed by the heat, and the reduced mercury enters into combi- 

nation with the perseleniate, and converts it mto protoseleniate, 

which, at that temperature, is volatile, and sublimes. 

27. Seleniate of Silver.—Selenic acid precipitates a solution 

of nitrate of silver. The white precipitate is a neutral seleniate. 

It dissolves in small quantity in boiling water. Boiling nitnie 

acid dissolves it entirely, but it precipitates again when cold 

water is added to the solution. If we mix a boiling-hot mitric 

solution of this salt with boiling water, and allow the mixture to 

cool slowly, the seleniate of silver forms small acicular crystals. 

Light does not blacken it. The seleniate melts almost at the 

same temperature as the muriate of silver, and becomes transpa- 

rent like it. When cooled, it forms a white, opaque, friable 

mass, having a crystalline texture. In a red heat, exposed toa 

current of air, it allows oxygen gas and selenic acid to escape, 

while it becomes covered with a pellicle of metallic silver. 

2-687 crammes of seleniate of silver, which had been strongly 

heated, but not melted, were dissolved in boiling nitric acid, 

and the solution was poured in a solution of common salt. The 

resulting muriate of silver weighed 2°235 grammes, equivalent to 

1-8082 gramme of oxide of silver. Therefore 100 parts of 

éélenie acid had been combined with 205°75 parts of oxide of 

silver, the oxygen of which is 14-2. This agrees very well with 

the experiment described above. 
(To be continued.) 
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Arricre IV. 

Experiment with the Solar Microscope. By Mr. James Watson, — 

(To Dr. Thomson.) 
SIR, ‘ London, Sept. 23, 18k9. 

A ¥rew years ago, while engaged in making some experiments 
on the prismatic colours, I was agreeably surprised by the sudden 
appéatance of a new aad interesting picture. In beauty it far 
excelled the common spectrum. It rather resembled. a cloud, 
composed of the finest colours ; and having a peculiar veined or 
clouded appearance, which added variety and richness to this 
exquisite picture. I have frequently repeated the experiments, 
with additional improvements, from time to time, to the great 
pleasure of several friends who have seen it. As some of your 
readers may wish to judge for themselves, I shall now beg to 
communicate the following particulars through the medium of 
your journal. 

Any person having a solar microscope will only require in 
addition a glass prism and a pair of tin plate tubes, about two | 
inches long, and about the same in diameter, each fitted with a 
convex lens at one end. These tubes may be found ready 
prepared in a middle sized magic lantern. 

I shall now describe an easy and convenient method of 
mounting the prism and tubes. Procure two pieces of mahogany, 
one piece 18 inches long, 5 inches broad, and | inch thick ; the 
other 4 inches square, and 2 inches thick.. Take the long piece 
of mahogany, and at three inches from one end, on the flat side, 
cut a shallow hole, just large enough for one end of the glass 
prism to turn in. A piece of stout brass wire is then to be stuck 
mto the wood, at two inches from the same end. If then this 
wire be bent over at the top into the form of a ring, it will sup- 
port the upper end of the prism, and hold it in a perpendicular 
osition, admitting also of its being turned round. ‘This being 

finished, take some of the same brass wire, and make two rings 
with stems to them, each ring just large enough to receive one 
of the tin tubes. Then bore a couple of holes, 2} inches apart, 
in the square piece of mahogany; place the stems of the wire 
rings in these holes, and see that the rings do not stand higher 
than the upper end of the prism. The tubes are now to be 
placed in the rings with the glasses towards each other; their 
distance can be adjusted by moving them backwards or forwards ; 
and if the wires have room to turn in the holes, an horizontal 
motion may be given to the tubes when necessary. 

The apparatus.is now prepared for use. The best time for 
performing the experiment is from spring to autumn, about the 
hour of noon, and when the sky is free from clouds. The room 
is to be made as dark as possible, and the solar apparatus fixed 
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to the shutter in the usual manner, but omitting to screw on the 
Wilson’s microscope. Instead.also of placing the white paper 
Screen opposite to the window, it must be placedsideways on 
the right hand side of the window. Now take the long piece of 
mahogany with the prism at one end, and place the tubes with 
their stand upon the other end. This apparatus is tobe sup- 
orted on a table close to the window in such a manner that the 

middle of the prism may be within a few inches of the end of 
‘the microscope, and the tubes within about 12 inches of the 
paper screen. The sun’s rays on being admitted into the room 
will strike on the prism, and be divided. By a slight motion of 
the apparatus, the coloured rays may easily be made to fall on 
the inner surface of one of the tin tubes, from whence they wili 
be reflected, and then refracted by the two convex glasses ; after 
which, the picture already described, will make its appearance 
upon the screen. 

The cloudy appearance arises from inequalities in the reflect- 
ing surface of the tin. This effect may be increased by making 
a few small indentations on the imner surface of the tubes. 
When the clouds are well defined on the screen, and the colours 
bright, then the apparatus is rightly adjusted. By altering the 
pgsition of the tubes, or by using one, instead of both, some very 
pleasing changes will be produced. 

I have been thus particular, in order that the operator may not’ 
fail to succeed. Perhaps this experiment will serve as a good 
illustration of that splendid display of nature’s colouring which 
we sometimes witness about the time of sun-set, when the 
“ shifting clouds in all their pomp attend his setting throne.” 

I am, Sir, your most obedient servant, 
James WATSON. 

ARTICLE V.,. 

Population of Bombay.* By Sir James Macintosh, M.P. 

Tue public has hitherto received little authentic information 
‘respecting the population of tropical countries. The following 
documents may, therefore, be acceptable, as contributions 
towards our scanty stock of knowledge on a subject which is 
‘curious and not unimportant. 

No. I. is an account of the deaths in the island of Bombay 
‘from ‘the year 1801 to the year 1808 inclusive, founded on 
returns made to the police office of the number of bodies buried 

‘or burned in the island. These returns being made by native 
officers, subject to no very efficient check, may be considered as 

* From the Transactions of the Literary Society of Bombay. 
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liable to considerable errors of negligence and incorrectness, 
though exempt from those of intentional falsehood. 

The average deaths during the year would, by this account, 
be 9000; but the year 1804, in which the deaths are nearly 
trebled, was a season of famine throughout the neighbouring 
provinces on the continent of India. Great multitudes sought 
refuge ftom death at Bombay; but many of them arrived in too 
exhausted a state to be saved by the utmost exertions of huma- 
nity and skill. This calamity began to affect the mortality in 
1803, and its effects are visible in the deaths of 1805. 

No. IL. is an account of the Mussulman population ; distin- 
guishing the sexes, and conveying some information respecting 
their age, occupation, and domestic condition. This document 
and that which follows are the more important, because we have 
only conjectural estimates of the whole population of the island, 
which vary from 160,000 to 180,000 souls. By comparing the 
Mahometan deaths, on an average for the three years 1806, 1807, 
and 1808, as collected from No. I. with the whole number of 
Mahometans in this account, the deaths of the members of that 
sect appear to be to their whole numbers as | to 174. 

No. IIL. is an account of the total number of Parsee inhabi- 
tants, distinguishing sexes and ages. From the same compati- 
son as that stated in No. II. it appears that the deaths of the 
Parsees are nearly as | to 24. 

Nos. 1V. V. VI. and VII. contain accounts of population, 
births, and deaths, of native Christians, from four of the parishes 
into which the island is divided. Their baptismal registers 
furnish an account of the number of births, which we have no 
easy and precise mode of ascertaining among the other inhabi- 
tants. Their account of deaths is also some check on that part 
of the general register of deaths which relates to them; and 
their returns of the population are a further aid towards the 
formation of a general rate of mortality. In No. IV. the births 
are to the population as 1 to 28, the deaths as 1 to 20. In No. V. 
the births as 1 to 20, déaths as 1 to 16. In No. VI. births 
1 to 30, deaths 1 to 15. In No. VII. births 1 to 43, deaths 1 
to 22. 

These proportions of births and deaths to population differ 
very considerably from each other, and some of them deviate 
widely from the result of the like inquiries in most other places. 
It is not easy to determine how far inaccuracy may have contri- 
buted to this deviation. The education of the native Roman 
Catholic clergy of Bombay is almost exclusively confined to 
monastic theology and ethics; even their respectable European 
superiors are fully occupied by their ecclesiastical duties, and 
are little accustomed to political arithmetic. On the other hand 
it must be remembered, that at Bombay, a population of 150,000 
souls is confined to an island which is only eight miles in length 
and three miles in its utmost breadth. Such a population with 
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so limited a space must be considered rather as that of a‘town 
than of a district of country. It is to be expected, or at least 
not to be wondered at, that it should not maintain itself without 
the influx of inhabitants from the neighbouring provinces. The 
very small proportions of births in No. VII. probably arises, in 
part, from the number of adventurous strangers who resort to 
the most thickly peopled part of the island, while the three 
former returns, which relate to places where the Christians are 
native inhabitants, show a proportion of births by no means so’ 
singular. That the proportion of deaths in No. VII. is the least 
among the Christian returns, is in all likelihood to be ascribed 
to the easy circumstances of many of the members of that con- 
gregation, the Christians of the other parishes being chiefly of 
the very lowest classes. Ofthe high rate of mortality in Nos. V. 
and VI. which relate to two small fishing villages, no specious 
explanation presents itself: of that, and indeed of every other 
part of the subject, we must expect explanations from the 
enlightened and accomplished men on the spot, who now possess 
better means of investigation than were in such hands when 
these imperfect returns were procured. 

It must be observed that many of the Parsees come to Bom- 
bay in search of fortune after having reached the age of man- 
hood, and return with a competency to their native countries. 
Some of them are men of great wealth; many are in easy 
circumstances : and none are of the most indigent classes. From 
these circumstances, the comparatively low rate of their mortality 
and the smaller number of their females will be easily understood. 
The famine increased their mortality from 311 in 1802 to 563 in 
1804 ; an augmentation almost entirely to be attributed to deaths 
of the fugitive Parsees, who were attracted to Bombay by the 
well-known charity of their opulent fellow-religionists. 
“The Mahometans are much inferior in fortune to the Parsees; 

but they are not much engaged in the lowest sorts of labour, 
which are chiefly performed by the inferior castes of Hindus, and 
by some’ of the native Christians, The famine increased the 
deaths of the Mahometans from 1099 in 1802 to’ 2645 in 1804. 

Of the Hindus, who form the great body of the people, we 
have unfortunately no enumeration; but the return of their 
déaths has one observable peculiarity. In the higher castes the 
bodies are burned ;''in the lower they are buried. Though there 
be’ many individuals ofthe higher castes who occupy very humble 
Stations, and are of what an European would call very low rank, 
thefe are scarcely any of the lowest castes in conditions of ease, 
nét to say aflluence: burning or burial affords, therefore, some 
titerion of their situation in life. »The famine increased their 

mortality from 3669 m 1802 to 23,179 in 1804.- Their deaths 
‘were augmented more than six-fold. But the different degree 
in which the famine acted on the women and children of the 
highet-dnd lowercastes is very striking... The deaths of ‘the 
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females of the higher castes are increased very little more than 

those of the men ; the mortality of children is stillless increased; 

but among the inferior castes, the mortality of women is 

increased 15 times, and that of children nearly 12 times. 

On the native Christians the operation of the famine was. only , 

to increase the burials from 184 to 201. This small increase 

probably affected only the poorest. native Christians of Bombay, 

for there are very few Christians in the neighbouring provinces 

where the famine raged, and which poured into theusland that 

crowd of fugitives which swelled the Hindu deaths to so tremen- 

dous an amount. pare 

One of the most curious results which these documents afford 

is that relating to the proportions of the two sexes, and tot ne 

extent inwhich polygamy prevails in India, An illustrious phi- 

losopher,* misled by trayellers, too much disposed ta make 

general inferences from a few peculiar cases, and pleased to 

discover a seeming solution of the repugnant systems of domes- 

tic life adopted in Europe ang in Asia, supposes the polygamy 

of Eastern nations to be the natural consequence of the super- 

abundance of women produced in warm climates :—Mr.,Bruce 

attempts to support this theory by a statement of a most, extra- 

ordinary‘nature. According to him, in Mesopotamia, Armenia, 

and Syria, the proportion oi births is two women (and a.small 

fraction) to one man ; from Latakia to Sidon it is two and three- 

fourths to one man ; trom Suez to the Straits of Babelmandel 

the proportion is fully four to.one man, which he believes holds 

as far as the Line, and 30° beyond it. The confidence with 

which a private traveller makes a statement so minute respecting 

such, countries is. sufficient to depriveit of all authority. .With- 

out imputing infentional falsehood to Mr. Bruce (which seems 

foreion to his character), this statement may be quoted as an 

instance of that dogmatism, credulity, ostentation, and loose 

recolléction, which have. thrown an unmerited suspicion, over 

the general veracity of one.of the most enterprising of travellers, 

as well as amusing of writers. It is singular that reflections of 

a yery obyjous, sortdid not check such.statements and specula- 

-tions. - In a country where there were four, women to one man, 

if is eyident that nothing Jess than.the practice of polygamy. to, 

to the full extent of Mahomet’s permission could have. provide L. 

' for the surplus of females; but it ought to have -been,almgst 

equally evident, that to support more than one wife snd fly 

must be beyond the power of the laborious and indigent classes. 

Though the necessaries of life be fewer, and attainable with less 

Jabour in warm than in cold climates, the effects: of bad goveri- 

ment more than counterbalance the bounty of nature. To 

suppose that an Egyptian Fellah could support. three _or,four 

times assamany women and children by his industry as aj French 
Ek 

* De l’Esprit des Loix, liy. xvi-chapy4. ~#eTravels, ii, 181, 2d Edit., 
~ 
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or English labourer, would be .the height of extravagance. 
Polygamy must in the nature of things be confined to the rich ; 
and must, therefore, depend not on physical causes, but on those + 
tyrannical systems of government which, sanctioned by base 
superstitions, have doomed one half of the human race to impri- 
sonment and slavery. But facts are more important than any’ 
reasonings, however conclusive. By the report of Mr. Raven- 
shaw, contained in the very instructive Travels of Dr. Francis 
Buchanan,* we learn, that in the southern part of the province 
of Canara the whole number of inhabitants was 396,672, of 
whom the males were 206,633, the females 190,039. The same 
excess of males above females is, he tells us, to be found in the 
Barra Mahl and other parts of the peninsula where accurate 
enumerations have been made. ‘The return of deaths in the 
island of Bombay for nearly eight years establishes the same 
fact with respect’ to the whole population, and to each of the . 
classes which compose it. 

It is well known that the Mahometans are the only class of men 
in India who practise polygamy to any considerable extent. Out 
of 20,000 Mahometans in the island of Bombay, only about 100 

_ have two wives, and only tive have three; so inconsiderable is’ 
the immediate practical result of a system which, in its princi- 
ples and indirect consequences, produces more evil than perhaps 
any other human institution, so insignificant is the number of 
those for whose imagined gratification so immense a body of 
reasonable beings are degraded and enslaved. 

It is remarkable that the only apparent superiority of the 
number of females is in some of the returns of the Christian 
congregations, where polygamy is of course unknown, It is 
reasonable to refer this small exception to accidental causes, 
which further inquiry will probably Suedick: 

In all the other castes the equality of the sexes apparent in 
the list of burials is a sufficient proof against the prevalence of 
polygamy ; since it is well known how few natives of India are 
unmarried. 

Polygamy arises from tyranny, not from climate ; it degrades 
all women for the sake of a very few men. And the frame of 
society has confined its practice within such narrow limits that 
it never can oppose any serious obstacle to beneficial changes 
in the moral habits, domestic relations, and religious opinions of 
the natives of India. 

No. I. 

Register of Dead Bodies burned and buried in the Island of 
- Bombay, from the Year 1800 to the Year 1808 inclusive. 

Abstract.—In the year 1801, 4,835; 1802, 5,297; 1803, 
8,320; 1804, 25,834; 1805, 10,347; 1806, 6,440; 1807, 5,834; 
1808, 7,517. 

* Fran, Buch, Mysore, iii. 8. 
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Register of the Dead Bodies burned and buried in 1800, 1801, 1802. 
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Register of the Dead Bodies burned and buried in 1803, 1804, 1805. 
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Register of the Dead Bodies burned and buried in 1806, 1807,1808,1809. 
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July ....| 33 | 38 | 20| 90} 76 179] 44) 35] 39] 12 5| oi 3| 3] 6 7| 5| 593 
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Dec.....| 55 |-36 | 17 | 71! 65] 125] 32] 26] 19} Ie 19|—/——| 6} 8|--|., 508 

520 |400 [184 | 907] 8311979419 319/295)134] 118/168] 7/13] 3)51/53/44/5,354 

1808;--+-.-- ~ i 
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Aug.....| 49] 38 | 46 | 102] s7| 186] 46]. 40] 48 20—|—| 5| 9] 8| 9] 714 
Sept.....| 53 1358. | 44 | 93] 102] 189} 43) 41] 47 27|_| 11—| 3] ait! 738 
Oct. ....| 64 | 43 | 36 | 107] 108] 215} 52) 54) 57 98) 4) 1] 2 9] 3! 800 
Nov.....| 95-| 40 | 36 | 111| 97] 160] 35} 27] 40 20|—| 2|—| 8] 6| 3| 65s 
Dec.....| 63 |:47,| 36 | 113] 84/2268) 44}: 94) 35] 23 13/15) 1| 1] 21.3] 6| 8] Tor 

—_— |——| —- | Sela ie Be ee eel ot eee 

593/489. |361 [1095) 907/1976/469 493/479/171/119,220| 4) 8|is/49/52184|7,517 

woo. | | 

Jan...../ 55 | 39 | 33] 410] 96, 160! 45! sol 35] 21} 15].19] 4] fal a] mt] 695 
a7 | 57 | 199 108 ¥Feb.....| 46 160] 41 51] 55) 20) 6) 5'—| ol 1/11} Sits} 721 i 



1819.] the Population of Bombay 

No, Il. 

437 

State of the Mussulman Population of the Island of Bombay, from a 
Survey by Kazee Shaboodeen Mohuree. 
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Abstract of Totals. 

6,935 
WIVES sseceeeceeee 2,065 

30 
430 

Total males........ 9,960 
Total females. ...... 10,324 

20,284 
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REIOGWE afc 'k's ea nie Bae Vie vise ale be ky 2,570 
Married women.........+.. Jgtes! See AOU 
Female children by wives......... Teor 
Concubates . 52) Ae. OL ete — : 122 
Daughters of concubines.......... 23 
Female slaves. ......... Nee rete 637 
Wives having one partner.......... 240 
Wives having two partners. ........ 15 
Prostitutes, sess stat Se bawee Se 1,200 

Total females. .... 10,324 

This was taken in the beginning of 1808. J. Mackinrosn. 

No. III. 

List of Parsee Caste, now Inhabitants of Bombay. 

Men from 20 to 80 years of age. .... 3,644 
‘Women from ditto to ditto.......... 3,000 
Boys from 20 down to infant child. .. 1,799 
Girls ditto ditto......... te veles shee TepcUn 

10,042 
Bombay, Feb. 28, 1811. 

No. IV. 

Account of the Numbers, Births, and Deaths, of the Christian 
Inhabitants appertaining to the Parish Church of St. Michel, 

_at Mahim, in the Island of Bombay, from Jan. 1800 to Jan. 
1810. ; 

1800. Jan.—Souls. .... 1863 | 1806. Jan.—Souls. .... 1863 
Pirthss...! 62 Births .... 68 
Deaths... 92 © Deaths dg one 43 

- 1801. Jan.—Souls. .... 1863 | 1807. Jan.—Souls. ,... 1892 
Births ....3 . 06 Births .... 62 
Deaths... 66 Deaths... 100 

1802. Jan.—Souls. .... 1900 | 1808..Jan.—Souls. .... 1878 
PRIPL cee Births .2721 ..67 
Deaths. .. 102 Deaths ..%) 77 

1803. Jan.—Souls. .... 1812 ] 1809. Jan.—Souls. .... 1724 
Births 1.2300 BS Births .{f{2]. 73 
‘Deaths... 76 Deaths, .... 1125 

1804. Jan.—Souls. .... 1877} 1810. Jan.—Souls. .... 1712 
Births, sie. 62 Births’. ... . 70 
Deaths, ..... - 127. Deaths... 87 

1805. Jan.—Souls. .... 1848 
Pitths as oO 
Deaths... 7 

Parish Church af St. Michel, Dom Maruias dE Monte Tari, 
Feb. 25, 1811, at Mahim. Vicar. 
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No. V. 

List of the Christian Inhabitants of the Church of our Lady of 

Salvation ; of the Births, Deaths, and Living, from Jan. 1800, 

to Dec. 31, 1810. 
Births. ‘ Deaths. Living. 

£800 oS oe hs canis: 380) eves £4680 
Ok SS 1027 js ei GAs iin intr geate 1527 
BBO2 SS <0 Reiieis . bie 92 een 1491 
12806 attend. < yee OO rs5.5 seats 1504 

RSD WEG te ied he wrese. TA6 «th 1500 
SOS detest es 0) GE Cite, ezaya 7 ae eee SF . 1400 

1806 ... GN oe & ished FO in BO . 1300 

1807 ah: eee eae 99 ved 1400 

TBDS: Bad-aiqs LOB ste. . WRB eaQAl 1527 

1809 ... i oak 78 ac chal 1620 
LA) Ra a: See 77. ovewetel LadO 

ee mee fea Joam DSza EsizLva. 

ro. VI. 

Abstract of the Births, Deaths, and Living of the Church of Our 
Lady of the Rosary of Mazagon. 
ee SS SS ES ee 

Deaths. ~ 

Years. Births. Men. Women. Children, 

1800 26 ‘al cae 24 
1801 30 5 16 9 

1802 29 7 22 18 
1803 31 9 13 90 

1804 24 8 13 19 

1805 17 10 7 10 
1806 30 6 9 4 

1807 32 15 16 10 
1308 26 7 13 14 
1809 32 ) 14 ll 

1810 25 8 92 21 

1811 2 1 1 1 

304 94, 157 161 
Living. 

969). jd, BEB Ae nd O 

; 
Totals, 

Living ...--seerseseres .. 756 

Births ..cecc cece eceeeress . 304 

Deaths . ...---eeers PS Sis . 412 

Church of Our Lady of the Rosary of Mazagon, 

Feb. 22, 1811. 
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Account of ‘the Christians’ of the Church of Our Lady of Hope 
Ve Gnar BAM GMiN os DeleodBombay nog 10 Sieiecuyy te e'0T 

¥ Men & o-eidiel sre 0) p01 6 ole o Ontos ee f 3472 

4 1 Women. : on cheinkessubeaee) 

3752 
2 Deaths 

LOO oy tins i oie 187 
DSO Qa. AWS G Padbin 186 
LBOS oes. hehe Shoe Che 218 
As Oe Se 233 
LEO B ii RR HA LES Se 151 
EBOB sa are sib ivis eyeretatotste ele p iets 138 
LEO T rers-oicte tes « a ee Ce 147 
BOB eisai ols ai ebb iaveie av hsled RR hai : 
BODE Oh. <a Spas gee mace 168 fi 
T8106 oe wane si ieeceees 158 

1717 orannually 156 

Births 1801 to 1811, 985, or 88 annually. 

ARTICLE VI. 

A Memoir on some new Combinations of Prussic Acid, 
By his Excellency the Count Le Maistre, of St. Petersburgh. 

Ferrucinovs prussic acid, when assisted by heat, combines 
with different substances, which, while cold, do not. exhibit any 
affinity for it; and all these combinations are blue, like prussiate 
of iron. Copper itself, whose dark carmine red prussiate is well 
known, is also capable of forming a blue prussiate according to 
the state of oxygenation in which it is, and by means of processes 
which will be explained in thé course of this memoir, The fol- 
lowing are these different ‘combinations in the order in which 
‘they presented themselves to me during my experiments. 

I. Prusseate of Starch. £9 
While engaged in making a small quantity $f iodide of starch 

in a porcelain cup, I employed in the preparation water which 
contained prugsiate of potash and muriatic acid im solution: The 
mixture which I exposed to the heat of a lamp remained colour- 
less till the heat became sufficiently strong to Maolyattheategch, 
It then suddenly assumed a very. perceptible green -colowne:..As 
J was aware of the substances contained in the mixture, [ imme- 
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diately repeated the experiment in such a way as to remove all 

suspicion of the presence of iron. I took 10 gr. of fine starch 

which I mixed with an ounce ofthe water of the Neva. ladded 

20 or. of prussiate of potash, and boiled the whole in a matrass. 

The liquid became transparent, and remained colourless during 

the whole time of boiling. I then added muriatic acid, which 

made it immediately assume a green colour as if I had poured 

into it a solution of iron. _ The precipitate in 48 hours became of 

a fine deep blue. I repeated the experiment with different 

starchy substances, as arrow root, sago, potato starch, and 

always obtained the same result. Thus starchy bodies, when 

dissolved in water at the temperature of 212°, have the property 

of forming blue prussiates like iron. 

Il. Prussiate of Gum Arabic. 

T made the same trials with some analogous substances. Ten 

grains ofgum arabic and 20 gr. of prussiate of potash were dissolved 

and heated together in a matrass with an ounce of water. The 

mixture remained transparent and colourless during the boiling. 

Boiling muriatic acid made it pass to a deep green, The preci- 

pitate was abundant, and fell down rapidly. . 

The prussiate of gum is less bleck than pure prussiate of iron. 

It is insoluble in water, and in muriatic acid. Concentrated 

sulphuric acid dissolves it, and destroys the colour ; but it appears 

again when the solution is diluted with water. The prussiate in 

that case precipitates with all its lustre, and when it is washed 

and dried, we cannot from its colour distinguish it from common 

prussian blue. 
Ill. Prussiate of Sugar, rey 

The same process and the same quantities heing employed 

with sugar yielded likewise a blue prussiate, which was at first 

green, and which, when exposed to the air, assumed alighter 

shade than the preceding blues. ite 

To avoid useless repetitions, I shall merely say, that having 

experimented in the same way with solutions of gelatin, of 

cochineal, of tannin, of soap, and even of white wax melted and 

mixed with the prussiate of potash, on decomposing the prussiate 

by muriatic acid while boiling-hot, I always obtained blue prus- 

slates ; while none of these compounds could be formed at the 

‘temperature of the atmosphere.* "9 
Of all these substances cochineal is the one which resists most 

the action of prussic acid, the combination not taking place till 

after.half an, hour’s boiling, , This colouring matter, which the 

gnineral, acids and alkalies do not decompose, becomes green by 

its union with prussic acid, The precipitate resembles the juice 

iu hi ) Wf Baad b> i ? 

* it may be thought that these substances are coloured by the iron of the prussic: 

acid as by a tincture ; but the gum And starch become insoluble in water, which 

jndicates a true combination, and the cochineal becomes greev, and not violet, 
a try, 2 
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of herbs, and soon»passes into a perfect blue. The residual 
liquid, when there isan excess of cochineal, preserves its red 
colour ; the prussic acid taking only the quantity necessary for 
its saturation. ' 

IV. Prussiate of Charcoal. 

As all the substances of which I have spoken contain a 
great quantity of charcoal, it was natural to try the same thing 
with this last substance. To obtain a charcoal in a state of 
juinute division, | charred white paper free from size by putting 
it into concentrated sulphuric acid, and exposing the acid to 
heat. The black matter thus formed was diluted with a great 
deal of water, and decanted without filtration imto a matrass, 
which I placed over the flame of a spirit of wine lamp. I then 
poured into it while boiling a portion of prussiate of potash, and 
the mixture became dark green. The prussiate did not assume 
a blue colour till after eight days exposure to the air. That the 
aper may be completely charred by the sulphuric acid, it must 
2 slightly moistened before being plunged into it. . 

This, however, was not a pure prussiate of charcoal; for as 
the sulphuric acid chars the paper without effervescence and 
without smell, this species of solution contains all the principles 
of the igneous substance. 5A 

To obtain a pure prussiate of charcoal, I took 30 gr. of the 
charcoal of the birch which had remained for a fortnight in an 
alkaline ley. I pounded it while still moist upon an unpolished 
piece of glass, with concentrated sulphuric acid. I put altoge- 
ther three ounces of water, and boiled the mixture in a matrass. 
I then added to the liquid 60 gr. of prussiate of potash, continued 
the boiling for about an hour, adding water in proportion as it 
evaporated, A dark-green prussiate was formed, which became 
blue after five or six days exposure to the air. 

_ If the dried prusgiate is not of as fine a blue as the best prus- 
sian blue, it must be repeatedly moistened and dried, which will 
produce the colour desired, 
When the process was repeated with muriatie acid instead of 

sulphuric, the result was the same; but when newly formed chary 
coal was employed, no combination took place. 

The formation ue this prussiate was accompanied with frequent 

anomalies, depending doubtless on the different states in which 
the charcoal is at the time in which it js €mployed, and upon 
minute circumstances which I probably overlooked, If instead 
of boiling the mixture for an hour, as I have described, it be 
poured after two minutes boiling into a bottle furnished with:a 
ground-stopper, aud placed well corked in a stove heated to 
122° or 144°, it will be found completely formed after an interval 
of eight or ten hours. I put my bottles in the evening mto a 
Russian, stove, and next morning found a green prussiata 
formed. ou ites 
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dt cannot be doubted that if the charcoal could be’ presented 

to the prussic acid in a state of perfect solution, the combination 
would take place instautly, as happens with the gums. 
When the prussiate of charcoal is dried, it has a fine brilliant 

blue colour, like prussian blue containing alumina, which 
appears singular, if we consider the black colour of charcoal. It 
dissolves in cold sulphuric acid of commerce without losing its 
colour. The solution appears green when the acid begins to 
act, as is the case with indigo; and when itis diluted with 
water, the prussiate precipitates. 

If we employ very concentrated sulphuric acid, the colour 
disappears on solution, and the liquid becomes yellowish ; but 
when water is added, the prussiate precipitates of. its original 
colour. It is imsoluble in water and in muriatic acid, which 
merely divides it. 

These properties of prussiate of charcoal belong likewise to 
those of starch, gum arabic, and cochineal, which are probably 
of the same nature. 

The analogy which exists between this prussiate and indigo is 
remarkable. They have both the same colour, The absorption 
of oxygen makes them both pass from green to blue. They are 
both soluble in sulphuric acid, and finally they are composed of 
the same principles; namely, of a great proportion of carbon 
combined with azote, hydrogen, oxygen, and iron ; but in pro- 
portions, or, perhaps, only in an order of composition which gives 
them different properties. e 

After having formed blue prussiates with the oxide of carbon 
and several of its compounds, I thought of subjecting to the 
same process the earths which had not yet been united to this 
acid, and the simple substances which I could procure, 

V. Prussiate of Sulphur. 

As sulphur unites easily with potash, I formed a sulphuret: 
with 10 gr. of flowers of sulphur and 20 gr. of prussiate of potash 
in a small matrass, which I heated by a spirit of wine lamp. 
When I thought that the sulphuret was formed, I broke the 
matrass in a vessel of boiling water mixed with muriatic acid, 
The sulphuret, which had acquired no colour, was decomposed 
in'the water, and the prussiate of sulphur made its appearance 
in fine green flocks in the acid liquid. A few days are sufficient 
to: te it a fine deep blue colour. ' 

) Lhis prussiate has a green colour only when the sulphuret is 
made in close vessels. If it he made in an open crucible, and 
if it be allowed to burn for some time stirring it with a glass rod, 
the prussiate is blue the instant it is yng in the muriatic 
acid ; so that the portion of the sulphur which burns is sufficient 
to bring the rest to the point necessary for forming prussian 
blue. T shall prove afterwards that’ no prussiate becomes Ilue 
unless oxygen and iron enteras constituent parts of prussie acid. 
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The following process likewise furnishes a prussiate of sulphur 
of a very beautiful colour. Sern 

I boiled in water one part of hydrosulphuret of potash and one 

part of prussiate of potash. I added weak muriatic acid at a 

boiling temperature, which immediately produced the green 

combination.. No sensible portion of sulphuretted hydrogen 
was developed. ; 

VI. Prussiate of Phosphorus. 

Phosphorus has a great deal of affinity for prussic acid. | To 

roduce a combination it is sufficient to boil some grains in a 

solution of prussiate of potash, and to pour muriatic acid into 

the liquid. It becomes muddy, and assumes a green colour. 

The boiling is to be continued till no more melted phosphorus 

can be seen at the bottom of the matrass. The prussjate has 

then the colour of Scheele’s green, and in process of time becomes 
blue. 

It would seem that phosphorus can unite in several propor- 

tions with prussic acid. If we employ a weak solution of 

prussiate of potash, the colour is less intense, and passes with 

difficulty to blue. If we employ a concentrated solution, and 
ure muriatic acid, the prussiate, when dried, is absolutely 
lack, and becomes luminous. The excess of phosphorus burns 

slowly, and leaves a dark-violet coloured matter, which gradually 
changes into a perfect blue. 

Prussiate of phosphorus, when well made, is more beautiful 
than prussiate of iron, and is neither purple nor greenish. 

VII. Prussiate of Gold. 

A solution of ducat gold diluted with much water, treated 

during its boiling with prussiate of potash, gave immediately a 
copious blue precipitate, which was deposited rapidly, and had 
a very fine colour. 

VIII. Prusstate of Silver. 

As all the nitric acid solutions have a tendency to give a green 
shade to the prussiates derived from them, we obtain only an 

imperfect blue with nitrate of silver; but we get a very fine blue 

by operating on the mumate of silver, newly precipitated by 
muriatic acid. It is washed upon the filter, and boiled in water, 

before it is coloured by light. Muriatic acid is added, and then 
prussiate of potash. A prussiate is formed of a clear and bril- 

liant blue, which Lecomes gradually more,intense, , This 1s the 
prussiate of muriate of silver, us 

IX. Prussiate of Tin. 

The disoxygenizing property of, muriate of .tin renders. the 
formation.of blue. prussiates, with it difficult; but we obtain them 
with facility when we, operate upon the oxide of tin precipitated 
from. the nitrate by an alkali, well washed, and employed while 
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still moist. ‘The process is the same as in the preceding experi~ 

ment, excepting that the prussiate of potash must be added to 

the mixture before introducing the°muriatic acid. 

X. Blue Prussiate of Copper. i ; 

Copper presents the singular phenomenon of being able to 

furnish two permanent prussiates of different colours, 

If we pour a strong solution of prussiate of potash on pure 

copper filings, and then add a sufficient quantity of muriatie acid 

to decompose the prussiate, and to dissolve a portion of the 

copper, the metal dissolved im presence of the prussic acid forms 

avery beautiful blue prussiate. ‘This combination does not, like 

the preceding, depend upon the temperature. Heat merely 

inéreases the rapidity of its formation. 

When we treat granulated tinin the same manner, we obtain 

likewise a blue prussiate, but we must employ nitromuriatic acid 

and heat. 
XL. Blue Prussiate of Mercury. 

To form the ble prussiate of mercury, the red oxide of that 

metal is boiled in water, and a solution of prussiate of potash 

previously decomposed by muriatic acid isadded toit. The iron 

contained in the prussic acid changes its condition so as to 

become proper for forming the blue insoluble prussiate of mer- 

cury ; while the acid without iron forms a colourless soluble 

prussiate. This proves sufficiently that ironis a constituent part 

of the prussic acid employed in these experiments. The blue 

prussiate of mercury, when first formed, is light green, and 

passes slowly to blue by exposure to the air. 

XII. Prusstate of Iodine. 

If we boil iodine in a solution of prussiate of potash, adding 
muriatic acid, we obtain a blue prussiate with a shade of purple 

of the greatest beauty. When first formed, it is light green, 

and requires a long exposure to the air to give it a blue colour. 

XIII. Prussiate of Alumina. 

_ ‘The’ opinion that alumina forms no combination with prussic 
‘acid is so generally established that when I began my trials with 

this earth, I had little expectation of success. In fact the sul- ° 

phate of alumina precipitated by prussiate of potash gives no 

colour either when cold or hot. However, | observed that when 

‘the salts in the mixture were concentrated, the alumina, after 

long boiling, assumed a very distinct blue colour. The following 

trial furnished me with a more complete combination. 
I pulverized together equal parts of sulphate of alumina and 

prussiate of potash. I introduced them into a small matrass 

‘without water, and heated them over a spirit of wine lamp to 

cause them to melt in their water of crystallization, The’ mix- 
ture became blue'as sdon as it began to swell. T regulated the 
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heat in order not to decompose the prussiate of alumina, and 
when the tint appeared to me equal through the whole mass, F 
diluted it with boiling water.. The prussiate, which was of alight 
and dirty blue, immediately assumes a fine colour, and forms a 
copious precipitate similar to prussiate of iron; but which seems 
somewhat soluble in water, to which it gives a greenish tint. 

As alumina has been long employed by the makers of prussian . 
blue along with prussiate of potash without any such combina- 
tion being observed, I repeated the same experiment several 
times to be certain of its accuracy, and I likewise made another 
experiment which appeared to me conclusive. 

{ precipitated the alumina from the sulphate by means of 
carbonate of potash, I washed the earth on a filter, and dissolved 
it, while yet in a gelatinous state, in muriatic acid: I heated the 
solution which was very acid till it boiled, and then threw into 
it boiling hot prussiate of potash. The effect was the same as 
if it had been poured into a solution of protosulphate of iron. 
Instantly a very fine green colour was developed, which in two 
days was changed into an intense and perfect. blue. We have 
seen that sulphate of alumina exhibits different phenomena, 
which is doubtless the reason why this compound has never 
been observed in the prussian blue manufactories. 

Alumina then has the property of forming a blue combination 
with prussic acid, but only at a temperature not lower than 212°, 

XIV. Prussiate of Silica. 

Fo form this prussiate, I pounded in a glass mortar 50 gr. of 
white glass from a barometer tube with 150 gr. of calcined potash. 
I put the mixture into a covered crucible, and kept it red hot 
for an hour. A frit was formed, which was. almost completely 
soluble in muriatic acid. I filtered the transparent and colour- 
less solution, and raised it to a boiling temperature. I then 
added 40 gr. of prussiate of potash, which gave a deep-green 
colour to the liquid. After eight days exposure to the air, it 
became a blue prussiate. 

The same process performed with pulverized quartz, prepared 
for porcelain, gave the*same result. The prussiate of silica is 
blacker and less beautiful than prussiate of alumina. 

XV. Prussiate of Carbonate of Lime. 

Some salts, insoluble, or scarcely soluble in water, form like- 
wise blue combinations with prussic acid without undergoing 
decomposition. : 

I boiled water containing carbonate of lime diffused through 
it, and mixed with it a liquid containing prussiate of potash with 
an excess of muriatic acid. ‘The prussic acid immediately united 
with the carbonate, and the prussiate formed became bluish- 
black after some days exposure to the air: ° 7 

It was insoluble, in cold muriatic acid. Concentrated sul- 
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phuric acid disengaged a great deal of carbonic acid, and formed 
a sulphate without destroying the blue colour. 

XVI. Prusstate of Sulphate of Lime. 
Sulphate of lime appears to me one of the substances which 

has the greatest affimty for prussic acid of those which I tried. 
I precipitated muriate of lime by sulphuric acid diluted with 
seven or eight times its weight of water. I heated it to the 
boiling temperature, and added prussiate of potash. There was 
immediately formed a prussiate of a fine green, which passed 
very speedily to blue. 

. Calcined sulphate, or fine plaster of Paris, may be employed 
to form this prussiate. _ It is diffused through a great quantity of 
water, and then a solution of prussiate of potash having an excess 
of muriatic acid previously added to it, is poured in. Boiling 
causes it to assume a green colour. 
When the prussiate of sulphate of lime. has a strong blue 

colour, and contains a sufficient quantity of prussic acid, it is 
insoluble in water, and in the mineral acids: 15 gr. of prussiate 
of potash were sufficient to give to 100 gr. of calcined plaster a 
very distinct blue colour. 

The sulphates of strontian and barytes newly precipitated and 
treated like that of lime, likewise furnished deep blue prussiates. 

XVI. Prussiate made with common White Clay. 

The dry earths and the metallic oxides in powder, when they 
are sufficiently divided, combine very well with prussic acid, 
when assisted by heat. 

{ mixed with water, fine white clay employed at St. Petersburgh 
for the manufacture of porcelain, and which does not contain am 
atom of iron. I decanted off the finest parts, which I boiled 
with prussiate of potash without producing any change in the 
colour. The addition of muriatic acid made the mixture become. 
green, After a quarter of an hour’s boiling, | poured the prus- 
siate formed into a plate. It had a fine green colour, and 
became blue after some days exposure to the air. 

This prussiate may become useful in the arts. It has the 
advantage of being always of a distinct blue colour whatever be 
the proportion of acid employed to form it. This is not the 
case with iron, which gives yellow and green subprussiates. 

XVIli, Prussiate formed with Greenish Grey Clay. , 

This clay, which is found abundantly in the neighbourhood of 
St. Vetersburgh, and which 1 conceive to be coloured with a, 
little chlorite, when treated like the white clay, gaye also a beau- 
tiful blue prussiate. As it contains iron, its prussiate is nearly 
the same as common prussian blue. It requires longer boiling 
than the preceding, because it is difficult to destroy the green 
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colour of the earth ; but when it is formed, it is perfectly similar 
to the finest prussian blue of commerce. vias see hdcel eadaaencin 

Observations. 

When we review the facts contained inthis memoir, we may 
observe, that when the combinations .of prussic acid with 
carbonate of lime, sulphates of lime, barytes, and strontian, pass. 
from green to blue by the slow absorption of oxygen from. the: 
atmosphere, it is not, in all probability, the bases of these prus+ 
siates which are oxidized ; for the carbonate and the sulphate of. 
the earths are not capable of uniting with an additional dose of 
oxygen, It is probable then that it is the prussic acid itself. 
which unites with the oxygen in this case. 
We fixid a proof of the oxidation of this acid in its combina- 

tion with indigo. The boiling sulphate of mdigo precipitated 
by prussiate of potash is all at once disoxygenized, and assumes, 
a green colour, as when it is treated by sulphate of iron in the 
dyer’s. vat. - 

It is likewise very probable that in all the blue metallic prus- 
siates the prussic acid is oxidated; while the bases are at a 
minimum of oxidation, and this is evident for the blue prussiate 
of copper.’ We see in fact that the protoxide and peroxide of 
copper im all their solutions form red prussiates ; while in the: 
blue prussiate (experimeut 10), the copper dissolved in contact 
with the prussic acid is seized upon in a nascent state at a degree 
of oxidation which is doubiless less than that of all the known 
oxides of copper, which give red prussiates. yi 

If the peroxide of iron gives a blue prussiate at the instant of 
its formation, the reason is that it contains enough of oxygen to 
saturate, the acid while it passes into the state of protoxide. 
while the peroxide of mercury which contains only 0°10 or 0:15 
of oxygen forms a green prussiate. Now as it is known that 
mercury is incapable of combining with a greater quantity of; 
oxygen, it follows that when the green prussiate passes into blue,, 
it 1s not the base which absorbs oxygen, but the prussic acid 
itself. : ‘ 

Sulphur, phosphorus, and carbon, form green prussiates, 
because they cannot furnish the requisite quantity of oxygen to 
the prussic acid. It is obvious that these radicals cannot pass 
to a maximum of oxidation, when their prussiates change frome 
green to blue, because, when saturated with oxygen, they become 
acids. This is the case also with those substances which con- 
tain much oxygen in such a degree of union that the prussic acid 
is unable to abstract it. These substances combine green, as 
the earthy sulphates, and the oxides of aluminum and silicon. 
By means of this theory, which explains all the facts, the 

phenomena of the two prussiates of mercury, one soluble and 
colourless, the other blue and insoluble, are easily understood. 
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When in order to make the soluble prussiate of mercury, we boil 
prussian blue with red precipitate, a change of bases takes place 
by double affinity. The mercury has a very great affinity for 
prussic acid; and the iron of prussian blue, which is at a mini- 
mum of oxidation, has likewise a great affinity for oxygen. 
Hence it happens that the iron deprives the acid of oxygen, and 
passes into the peroxide; while the mercury seizes the pure 
prussic acid without oxygen and without iron. In this last state 
the prussic acid drawn from mercury has no cyanic power, and 
remains mixed with sulphate of iron without forming a prussiate. 

I shall terminate this memoir by an experiment, the result of 
which gives great probability to this conjecture. 

If the prussic acid, when it combines with the peroxidés, has 
really the property of absorbing a portion of their oxygen, and 
of bringing them to the state of protoxide, it ought to act in the 
same way on the oxide of the red prussiate of copper, and make it 
pass to blue, on the supposition that in the blue prussiate the 
oxide of copper is at a minimum of oxidation. 

To determine this point, I mixed beautiful red prussiate of 
copper (newly precipitated and washed on the filter) with water. 
I added alittle muriatic acid, and boiled the liquid. The colour 
appeared to become more red. I then threw in some crystals of 
prussiate of potash, and had the pleasure of seeing the mixture 
speedily pass to the finest blue. 

This experiment seems to me to furnish a double proof, both 
that prussic acid does not produce the blue, except when it is 
oxidized, and that the bases of the metallic prussiates are at the 
minimum of oxidation. We may, therefore, distinguish three 
different well marked states in prussic acid. 1. The pure acid 
without oxygen and without iron, such as it exists in the soluble 
ptussiate of mercury. 2. The ferrugimous acid without oxygen, 
such as it exists in the prussiate of potash and in the’ green 
prussiates. 3. The ferruginous and oxygenized acid, such as it 
exists in all the blue prussiates. 

Articie VII. 

Obsérvations on Gehlenite, made during a Series of analytical 
Experiments upon this Mineral; which prove that it contains 
Potass. By Edward Daniel Clarke, LL.D. Professor of 
Mineralogy in the University of Cambridge, &c. In a Letter 
to the Editor. 

(To Dr. Thomson.) 

SIR, Cambridge, Oct. 4, 1819. 

Amone the more remarkable properties of minerals is that of 
their gelatinization in acids, This property, which is confined 

Vou. XIV. N° VI. 2F 
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to a few bodies, I have always: supposed to be owing to»the 
sresence either ofan alkali; or of an:atkaline_earth, in»stones 
containing st/ica.. » Veryofteman attention to this property:alone 
is sufficient to make: known the»presence of potass or of sodainca 
mineral: If there be exceptions, itis only where zzxcor (imeis pre- 
sent with silica; but in the instances of meedle-stone and datolite, 

which'both exhibit the most perfect and transparent jelly upon 
the action of acids, and both contain dame, lL have detected alsothe 
sresence of soda. In acase of minerals which I lately received 
a the Tirol there were some specimens of the substance 
called Gehlenite, whose properties and constituents havenot,\1 
think, been either adequately or accurately stated in the accounts 
published of this mineral. In the fifth edition of your Chemistry 
you have placed it at the head of the /e/dspar family; and that _ 
this is its proper situation will, perhaps, appear evident fromthe 
discovery I have now made of an a/ka/zin the stone; when added 
to the nature of its other constituents, and also to its crystalliza- 
tion, which, in the examples I possess, does not exhibit rectan- 
gular, but oblique-angled parallelopipeds. 

The purest crystals which I have been able to detach from:my 
specimens of Geh/enite were imbedded in a matrix containing 
carbonate of lime. The same limestone is also imbedded as 
extraneous matter in the crystals, together with oxide of 
iron. And to the presence of these foreign bodies, as in the 
example afforded by Fontainbleau carbonate of lime (accord- 
ing to a well-known theory of the celebrated Bournon), may 
be owing the simplicity observable in the form of the crystals 
themselves; which is nearly that of the primary form of feldspar; 
but improperly: called cubes, in the accounts published of this 
mineral; -owing, perhaps, to the minuteness of the crystals, 
which prevented a more accurate observation. Observing that 
these crystals; when pulverized. and exposed to the action of 
muriatic acid, were converted into.a perfectly transparent jelly, 
I suspected that an a/kah might be present, which proved:to be 
true. For the manner of detecting it, 1 am indebted entirely to 
the instruction which I received from Dr. Wollaston, whose 
valuable experiment, applicable at all times to stones acted on by 
acids, I will endeavour to describe, previously to giving any 
further observations of my own. The gelatinous. substaiice, 
contained in a watch-glass, was exposed to a temperature not 
exceeding that of boiling water, until it became perfectly dry. In 
this state, if there be present potass or soda, small cubic. crystals 
may sometimes be discerned. with a lens; and such crystals were 
visible in the present instance. Distilled water being then added, 
the silica was separated, and collected upona filter. The solu- 
tion which passed. the filter, and which contained the muriates, 
was then evaporated to dryness; and the dry mass being exposed 
to a high temperature, the muriates of alumina and ion were 
decomposed; and. distilled ye being again added, their bases 
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were separated, and collected: upon a second filter... The:next 
an related to the separation of the dime, which Gehlenite.is: 
nowntocontain. To effect this, carbonate of ammonia wasadded. 

to:the solution which had» passed the filter; and carbonate. of: 
lime, being precipitated, was collected upon a third filter.: ‘The 
solution now contained the murtates of ammonia and of the alkale- 
before mentioned. Being evaporated to dryness, a sufficient 
degree: of heat was communicated for the sublimation of the 
muriate of ammonia, which came away in white fumes... Upon, 
adding a few drops of distilled water to the residue, and ‘using 
muriate of platinum as a test, a precipitate was caused by the 
solution, and the presence of potass thereby fully demonstrated. 
Upon:adding also xztric acid to the alkaline solution, crystals of 
nitrate of potass became visible. After this satisfactory experi- 
ment, the remaining observations will be almost superfluous. 
Indeed had I been earlier in possession of the information } 
received from Dr. Wollaston, the method I pursued in the 
analysis of geh/enite might have been rendered much simpler and 
shorter. I will, however, state it with as much brevity as I can 
from the notes which I then made. . 

Gehlenite. 

External Characters.—Crystallized in oblique-angled parallelo- 
pipeds, nearly approaching to the cubic form. Crystals contain- 
ing imbedded particles of carbonate of lime, appearing in white 
specks ; exhibiting also ochreous surfaces as if in a state of inci-+ 
pient decomposition; set in all directions; generally small ; 
major diameter of the largest ;¢,ths of an inch ;, minor diameter, 
~;ths; showing a tendency to cleavage on the solid angles. 
Colour, greenish-grey ; lustre, resembling that. of pitchstone. 
Brittle, but hard when reduced to small fragments. Specific 
gravity, in distilled water (temperature 59° of Fahr.), 2°71. 

_/ Chemical Characters.—Colour, by trituration, dingy-white: 
Before the blow-pipe fuses into a gumboge-yellow glass, which, 
by continuance of the heat, becomes a dark cinder. — Efferves- 
eence in acids and gelatinization. Lime copiously precipitated 
from the solution by oxalate of ammonia, and iron by tincture of 
alls. 

* Analysis.—One hundred grains, triturated im a porphyry mor- 
tar; were placed in a covered platinum crucible, and exposed to 
a smart red heat during half an hour. When taken out of the 
crucible, a loss of weight was observed equal to six grains, owing 
to the expulsion of water of absorption. 

» A. To the remaining 94 gr. were added about four times their 
weight of carbonate of soda, and the whole being placed ina 
silver crucible was surrounded with sand in a second earthen- 
ware crucible, and exposed to a red heat during an entire hour. 
Being then removed from the furnace, and allowed to cool, the 
cover was taken off, and distilled water added by degrees to soften 

2£2 



452 Dr. Clarke’s Observations on Gehlenite. (Dec. 

the mass, which, little by little, was poured into muriatic acid. 
As soon as all effervescence had ceased, more distilled ‘water 
was given to it; and the whole being placed in an evaporating 
dish, the excess of acid was volatilized, and water again added ; 
the whole being then thrown upon a filter, the substance which 
remained upon the filter was washed (until the washings effected 
no change of colour in /itmus paper), and afterwards calcined. 
It proved to be pure silica, and weighed 29°50 gr. making no 
allowance for loss. 

B. The silica having been separated, as mentioned in A, an 
excess of the hydrate of ammoma was poured into the solution, 
whereby a copious precipitate was caused ; this, being collected 
on a filter, was carefully washed until the washings did not alter 
the colour of litmus paper. It consisted of alumina and oxide 
of tron. 

C. The alumina and oride of iron, precipitated from their 
muriates by the process mentioned in B, were taken off the filter 
in a gelatinous state and heated, according to the method 
recommended by Thenard,* in a capsule, with a great exeess of 
caustic liquid potass, which dissolved the alumina, but had no 
action upon the oxde of iron. The capsule being then removed 
from the fire, and the liquid cooled down to 100° of Fahr. and 
filtered (the filter being washed until it ceased to exhibit signs of 
alkalescence), the oxide of iron remained on the filter, and was 
removed with an ivory knife, and dried, and calcined. It after- 
wards weighed 12-20 gr. making no allowance for loss. 

D. The washings from B being added to the liquid whence 
the alumina and oxide of iron were precipitated, and which con- 
tained all the dime in the state of a muriate, subcarbonate of 
potass was added to it to effect the decomposition of this 
muriate. A copious precipitate of subcarbonate of lime, contain- 
ing a trace of magnesia, ensued; and this being washed, dried, 
and exposed to a white heat in a platinum crucible during half 
an hour, afterwards weighed 27-80 gr. making no allowance for 

E. The next operation related to the obtaining the alumina, 
which had been dissolved in the alkaline solution mentioned in 
C. This liquid was first saturated with muriatic acid; then an 
excess of the hydrate of ammonia being added, the alumina was 
all precipitated. After being carefully washed, dried, and cal- 
cined, it weighed 14-50 gr. making no allowance for loss. 

In ajl these experiments; no allowance whatever has been 
made for any loss which, in a slight degree, must be sustained 
where filters are used ; and filters here were unavoidable, owing 
to the partial gelatinization of the precipitates, especiallyin that of 
alumina, ¥ prefer, however, stating the results exactly as I 
obtained them by weight, leaving the deficiency to go ta the 

* Traité de Chimie, tom. iv. p. 122. Paris, 1816, 
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account of the alkali, and by no means adding to the amount of 
the constituents by any conjectural addition. 
There remains now only two more substances to be added to 

the hst; namely, magnesia and potass. 
_oF., The first, 1, e. the magnesia, was separated from the Lime by 
a, process recommended by Dr. Henry, of Manchester ;* namely, 
by adding to the residue collected in D more than its own weight 
of strong sulphuric acid ; afterwards applying a sand heat until 
the acid ceased to rise; and then raising the heat so as to expel 
the excess of the acid. The dry mass was then digested in 
twice its, weight of cold distilled water, to which I added a few 
drops of alcohol. This dissolved the sulphate of magnesia, and 
left the sulphate of lime, which was collected on a filter. The 
magnesia was then precipitated from the sulphate by the carbon- 
ate of potass in a heat approaching to 212° of Fahr.; but the 
whole of the precipitate of the carbonate of magnesia, aftér being 
washed and dried, weighed only a single grain, allowing for base 
only 0:25. 
om all the preceding experiments, the constituents of 

gehlenite may be thus given: 
fs Grains, 

Water of absorption. ....e...6.0++. 6:00 
Miltea,, SCC,A fice winies ae waieieiene.s oes e 29°00 
Oxide of iron, see C. ......e000-22- 12°20 
Lime, deducting magnesia, D. ...... 27°55 
Alumina, E 5,0.5,5).. ¢0j0-4-8 ahd vate OS eal dita OD 
Magnesia, F. ........0 Ne waeeAgie4.., aD 
Potass, and loss .. 0.0 000+ 240000008, L000 

100-00 
I remain, &c. &c. 

Epwarp DanieEL CLARKE. 

ArTICLE VIII. 

Observations on a Memoir by the Abbé Haiiy on the Measure- 
ments of the Angles of Crystals, and on another by M. Cordier 
on the Blue Carbonate of Copper. By H. J. Brooke, Esq. 

_ F.RS. &c, 
Londen, Now, 8, 1819, 

In the Annals of Philosophy for June last, a translation is 
inserted of a memoir by the Abbé Haiiy, on the measurements 
of the angles of crystals, in reply to some observations by Mr. 
W. Phillips, published in the Geolog. Trans. on the importance 

* Elements of Chemistry, vol, ii- pe 488, Londe I815—_ _ 
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of ascertaining with precision the angles of the primary forms 
of crystals, in order to determine their secondary forms with the 
requisite degree of accuracy. Some remarks in Mr, Phillips’s 
paper, on the comparative value of the reflective and’ common 
goniometers in affording accurate measurements of the angles of 
crystals, appear to have excited a degree of anxiety in the 
tind of the Abbé lest his theory, which had availed itself only of 
‘the conimon goniometer, should suffer from any disrepute attach- 
‘ing to that instrument. And in the memoir alluded to, he 
endeavours to show, that in connection with his theory, the 
‘instrument he uses is sufficiently precise in its results, although 
it does not determine the value of an angle within one-half ‘or 
one-third of a degree, and is hence greatly inferior in accuracy 
‘to the reflective goniometer. ; 

It is true that the application of his original and ingenious 
theory to the measurements afforded by the comparatively imper- 
fect instrument he has used, has, in many instances, led to'a 
nearly accurate determination of the angles of the crystals he 
has examined: but it contains, nevertheless, a principle which 
‘in other instances has conduced to error, and which may 
affect its worth as a theory more than any consideration of the 
comparative merit of his goniometer. 

This principle is an imaginary simplicity which he supposes to 
exist naturally in the ratios of certain lines either upon or 
traversing a crystal, and which in his view assumes the character 
of a limit to its natural dimensions ; and he is disposed to regard 
generally the disagreement of an observed measurement with 
this character rather as an error of the observation than a cor- 
rection of his theoretic determination. 
The well-known error to which an adherence to his principle 

of ideal simplicity has led this philosopher in his determination 
of the primary form of carbonate of lime amounts to 37 minutes 
of a degree ; and as he has assigned to the magnesian and ferri- 
ferous carbonates the same angle as to the simple carbonate, 
the-error with regard to these is still greater, as will appear from 
a statement of the respective measurements of each, of which 
the two lower ones were first given by Dr. Wollaston. 

Observed angle by 
’ reflect. goniometer. 

Carbonate of lime. .... 105° 05’ .. * 104° 287 2220837” 
Magnesian carbonate... 106 15 ..., 104 28 ....1 47 
Ferriferous carbonate... 107, 00 .... 104 28 .... 2 32 

g Theoretic angle, Error, 

Indeed his application of this principle of simplicity seems 
limited rather by the quantity of error that may be admitted 
with tolerable safety into the calculation than by that attempt 
at absolute precision which appeared to Mr. Phillips so essential 

*to the accurate determination of secondary forms. 

* 104° 28! AO” is the precise angle given in the Tableau Comparatif. 
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The example I have selected of carbonate of lime evinces that 

this theoretic simplicity does not always exist in nature; and 
when we observe that it leads to an error amounting to more 
than double the difference between two known species of 
minerals, the magnesian and _ferriferous carbonate of lime: 
this difference being only 15’, and not knowing that there 
are not other distinct species approaching still nearer m their mea- 
surements, a theory which is satisfied with an error of 37” does 
not appear to have attained to that degree of perfection which 
warrants its being regarded as. “ sufficiently near the truth.” 

But the intelligence which has conceived this theory can 
easily remedy its imperfections; and we may hope that the 
second edition of his Mineralogy, which the scientific author is 
preparing for the press, will rather adopt and reason upon the 
dimensions which nature has given to crystals than clothe them 
with an imaginary character which must be erroneous in propor- 
tion as it deviates from nature. 

The immediate occasion of these remarks is the appearance of 
a memoir by M. Cordier on the blue carbonate of copper, in 
the first part of the Annales des Mines for 1819, which is 
stated to contain the latest observations of the Abbé Haiiy on 
that substance. 

A list is given in this memoir of the values of 31 angles, 
primary and secondary ; and as far as I have compared them 
with the measurements I have taken on the natural planes of 
some brilliant crystals, and on some planes obtained by cleavage, 
not one of them is correct. 

The form assumed in this memoir as the pri- 
mary one is an octahedron with a rhomboid, or 
oblique angled parallelogram, for the common 
base of the two pyramids; and for the sake of 
rendering the position of some of the measured 
planes apparent to the reader, I have given this © 
figure, although I do not concur in the neces- 
sity of adopting this as the primary form, having 
observed a cleavage parallel to the edge C, and 
to a line joining the summits E and E’ of the octahedron. _ 

The following are the values of some of the angles as given by’ 
M. Cordier contrasted with those afforded by the reflective 
goniometer : 

Cordier, Reflective Goniometer. 

P on P’ 16° 44’ .... 121° 00’ on thenatural planes or cleay- 
ul ages of three crystals. 

121. 03 ona cleavage by Mr. Phillips, 
PeoitMe 127, 320. 608251025 Lv 

by ProoM’> 82.14 ik cy 8loo8d Q le Se 
P A 121 .88 .... 119 30 Ais a plane parallel to the 

edge ¢. 
Mo MY, 87 T4005...) 98 (SV 



456 . Anayses of Books. [Dec.. 

It is unnecessary to add to this list of differences, as these 
render the errors sufficiently apparent. Whence they arise, Lam 
at a loss to conjecture; but they are considerable enough to 
be detected upon even imperfect specimens by the common 
goniometer. _  H. J. Brooxs, 

_ 

Articte IX. 

ANALYSES or Books. 

A Critical Examination of the first Principles of Geology; in a 
Series of Essays. By G. B. Greenough, President of the 
Geological Society, F.R.S. F.L.S. London. 

(Concluded from p. 873.) 

III. On the Inequalities which existed on the Surface of the Earth 
previously to diluvian Action, and on the Causes of these Inc- 
qualities. 

In the second essay the author gave us his opinions relative 
to the causes of the inequalities which diversify the present 
surface of the earth ; but as the operation of these causes must 
have been greatly modified by the form of the surface on which 
they acted, he has thought it requisite in the third essay toinquire 
into the figure of the earth before the deluge, to which in the 
preceding essay he ascribed the present inequalities of the 
surface. 
Was the antediluvian earth a level plain, or was it like the ’ 

present, diversified with mountains and valleys ? 
Stracey, Hutchinson, and many of the earlier writers, adopted 

the former opinion ; but our author thinks that it is untenable. 
The mixture of the fossil remains of sea animals and wood in 
the secondary rocks demonstrates that the earth at the time of 
the formation of these rocks was partly sea and partly dry land, 
as at present. Hence it must have been diversified into moun- 
tain and valley. | 

The antediluvian earth then was. uneven in its surface, as is 
the case at present. To what must we ascribe this inequality ? 
Our author assigns four causes. 

1. Crystallization.—By this term is usually meant the regular 
shape into which the integrant particles of various substances 
arrange themselves, in consequence, as is supposed, of a certain 
polarity with which they are endowed. Thus the integrant 
particles of alum form regular octahedrons, those of common 
salt cubes, &c. Prof. Jameson supposes the earth to be crystal- 
lized in this sense, and the different strata to be crystalline lamine. 
But this notion, which seems to haye been taken up without 
due reflection, is at variance with every principle of crystallo- 

: 
! 
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graphy and geology, and is not surely entitled to a serious 
examination or refutation. 

Rouelle and Lametherie were of opinion that rocks exhibiting 
a foliated, radiated, or fibrous texture have been formed by irre- 
gular crystallization into groups insulated at their summits, but 
united at their bases. This opinion is very probable. Our 
author conceives that in such cases the particles have associated 
without any regard to polarity ; but I apprehend that this notion 
is not quite correct. if we suppose the particles of a body to 
be possessed of poles, we must mean that at one extremity they 
have the property of repelling each other, while their other 
extremities have the property of attracting each other. This is 
what is meant by having poles, and the notion is borrowed from 
the phenomena of common magnets.. Now if the particles of a 
body possess polarity, it is obvious that they can unite with each 
other only in one way; so that irregular crystals and regular 
crystals are formed precisely in the same way. The only differ- 
ence between them is, that in the one case we perceive the 
regular shape of the crystal; while in the other case that shape 
is concealed. It is quite obvious that in calcareous spar the 
particles of the carbonate of lime are arranged precisely in the 
same order as in the most regular crystals of limestone; for the 
fragments are all rhomboidal, and exhibit the very angles which 
exist in the primitive crystal of that mineral. TI believe this to 
be the case in all foliated minerals. Indeed Mr. Daniel has 
shown it to be so in a variety of unexpected instances. The 
reason why the regular‘shape does not appear to the eye is the 
particular state in which the crystallization has taken place. 
When a liquid matter beconies rapidly solid, or when it. fills the 
whole space in which it exists, it is impossible for the regular 
form to appear to the eye; because the different crystals sre 
entangled in each other, and fill up all the interstices between 
each other. Radiated and fibrous minerals are in the same 
circumstances as foliated minerals. The only difference between 
them is in the breadth of the plates. When the plates are as 
broad as the mineral, it is said to be foliated; wheu several plates 
are required to make up the breadth, it is said to be radiated ; 
and when the breadth of each p‘:.te is very small compared to its 
length, it is said to be fibrous. Hence the observations made 
with regard to foliated minerals apply likewise to radiated and 
fibrous minerals. 
“With regard to Delametherie’s notion, that sandstone, chalk, 

ts, &c. are crystallized, itis not necessary to say any thing. 
‘hen he applied the term to these substances, it is obvious that 

he ‘affixed to it a meaning different from that which it commonly 
bears. He seems to have considered chemical affinity, or 
attraction of cohesion, to be all that was necessary to constitute 
a erystal; but a crystal in common language always is a sub- 
stance formed into a regular shape, and of course composed of 
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integrant particles, having all of them the same shape, and united 
in the same way. It is obvious; that fragments of quartz, &e. 
can never form a crystal, because they, cannot possess the same 
shape, and they must of necessity be destitute, of polarity. . 

2. Partial, Deposition.—Our author supposes that all \the 
materials that constitute the strata which cover the surface of 
the earth were in solution in a fluid, and that this fluid deposited 
more of the matter held in solution over one place than over 
another. This would occasion inequalities in the new surface 
formed. He ascribes these partial depositions to the action of 
tides and currents. 

3. Subsidence.—After the strata were deposited, they often 
gave way, and sunk either by shrinking, or by the pressure of the 
strata deposited over them. The inequality of this subsidence 
would occasion heights and hollows on the surface of the earth. 
Every case of subsidence implies a fauét ; but faults may exist 
without subsidence ; for ifnew matter were deposited at present 
on the surface, it is obvious that the strata could not be ona. 
level owing to the inequalities existing before this deposition. 

4. Volcanoes and Larthquakes.—The effects of these our 
author thinks would be the same as at present. They would 
form occasional hills by the accumulation of ashes or scoria,, or 
valleys, by the falling in of unsupported craters. sevaceli 

But the action of running water, he thinks, has been in all 
‘ages the principal cause of inequality of surface. 

IV. Of Formations. 

By formation is meant a series of rocks supposed to have been 
formed in the same manner and at the same period. The term 
was. introduced by Werner, and is purely theoretical. When 
two substances are imtermixed with each other, or when they 
alternate with each other, they are supposed to have a common 
antiquity and origin. But our author is of opinion that neither 
of these circumstances affords a proof of acommon origin. Ido - 
not see, however, how two different substances could be found 
intermixed together, unless they had been deposited at the same 
time. Thus granite is a mixture of felspar, quartz, and mica. . 
‘How is it possible to avoid eoncluding that these three ingre- 
dients were deposited at the same time? In the valley of the 
Pentlands, near Edinburgh, we find a vast number of thin beds’ 
of greywacke and greywacke slate alternating with each other. 
How is it possible to avoid believing that these beds were depo- 
sited nearly at the same time? These beds stand nearly perpen- 
dicular, and they are covered by beds of greenstone, compact 
felspar, &e. lying nearly horizontal. How can we avoid conclud- 
mg that these horizontal beds were deposited at a different time 
from the perpendicular beds on which they he? 

Werner and his-followers are of opinion that formations are 
‘universal, or that they extend (though with interruptions) round 



1819.] Greenough on the First Principles of Geology. 459 

the whole globe of the earth. Our author controverts. this 
doctrine ; and it must be admitted that it stands upon very slight 
evidence ; but [ conceive that the assertion that formations are 
universal means nothing more than that rocks occur in the same 
order in all countries. That certain rocks are always nearest 
the centre of the earth (in position), and certam rocks: always 
nearest the surface. Now the facts brought forward’ by our 
atithor to controvert this opimion prove only that certain mem- 
bers of the series are wanting in different countries—a fact 
which has been universally admitted; but [ do not see how this 
can overturn the opinion, that rocks in every country afiect a 
particular order of arrangement. But the discussion of this 
point comes more naturally under Essay V. which is entitled 

On the Order of Succession in Rocks. 

Our author in this essay controverts the Wernerian doctrine, 
that rocks follow a determinate order, and seems to affirm that 
the order is perfectly capricious, and that from the arrangement 
of rocks in one country, we can draw no inference with respect 
to their arrangement in any other country. If there be no regu- | 
larity in the arrangement of rocks ; if they follow no particular 
order; if we can’ form no notion from the rocks which ‘we 
observe, whether any particular rock is likely to occur or not, 
then the science of mining is founded upon no legitimate data, 
and there can be no difference between the chance of success 
when the most skilful and the most ignorant man are sent to 
survey a country. A little consideration [ should think must be 
sufficient to satisfy our author that he has carried his scepticism 
on this subject too far; and that while anxious only to get rid 
of the weak and rotten parts of the structure, he has in reality 
demolished the whole science of geology ; for if there be no 
regularity in the position of rocks ; if every thing in the structure 
of the earth is perpetually varying in the most capricious manner, 
then geology can have no foundation whatever ; we can acquire 
no general knowledge from an examination of the structure of 
the globe, and the science must be considered as on a level with 
astrology and necromancy. Would our author expect to meet 
with beds of coal in a country composed of granite or mica slate? 
Would he expect to meet with granite in a coalcountry? Would 
he search for mines of tin among rocks composed of shell lime- 
stone? If he found blende, would he not be induced to look for 
accompanying galena? These, and many other examples, which 
-will immediately occur to every one conversant with the subject, 
‘are sufficient to show us that the position of rocks is not quite so 
€apricious as our author supposes); that, certain substances have 
a tendency to associate together, and that mining and surveying 
are not without their laws and their-rules. 

It may be very true that Werner genevalized: too rapidly ; that 
Saxony and Bohemia were too small a portion of the earth to 



460 Analyses of Books. [Dec. 

render it safe for him to draw general inferences from the order 
of position which he there observed. It may be true that he 
was not very successful in his attempts to ascertain the order of 

the rocks of which these countries are composed—all this and 
more may be true, and yet Werner may have been fortunate 
enough to hit upon a fundamental geological fact upon the pro- 
secution of which the future progress of the science may in @ 
great measure depend. 

As far as it is possible to judge of Werner from the few 
writings which he has left us, his powers of arrangement seem 
to have been rather deficient, and he displays a want of taste 
and a minuteness in his subdivisions which render it peculiarly 

disagreeable to peruse his writings. He probably possessed that 
enthusiasm for his profession, and that peculiar kind of, 

eloquence, which captivates young minds; for his reputation was 
chiefly owing to the panegyrics of his scholars, almost all of 
whom viewed him with a mixture of love and admiration. __In 
his geological speculations, he attempted more than it was 
possible for one man to accomplish. Hence his inferences are 
frequently such as must be relinquished when we judge of them 
by a comparison of the structure of different countries with his 
geognosy. At the same time it is but fair to remark, that 
Werner never published any thing on the subject of geognosy, 

that his opinions were merely stated in his lectures, and after- 
wards given to the world by his pupils from what they recollected 
of the peculiar opinions of their master. Now every Professor 
who has had an opportunity of looking at the notes of his 
lectures taken by his students must be aware how extremely apt 
they are to misrepresent his meaning, or even to ascribe to him 
sentiments different from those which he really entertains. I 
think I can perceive traces of this misrepresentation in the 
Wernerian geognosy, as retailed to us by the most distinguished 
of Werner’s pupils. For example, there is a mountain of a very 
remarkable character which occurs in the primitive country of 
Saxony, to which the name of fopaz rock was given, because it 
contained that beautiful stone. 1t was natural for Werner to call 
the attention of his students to this remarkable rock. This he 
did y placing it provisionally among the primitive formations, 
not, I am persuaded, as a thing already established, but as a 
doubtful point to be decided by future and more extensive 
observations. Those pupils who published the outline of the 
Wernerian geognosy omitted the mark of hesitation with which 
Werner probably spoke of this rock, and reckoned itamong the 
established general primitive formations. Thus they introduced 
an absurdity into the science of which Werner was, in all proba- 
bility, not guilty; and such is the veneration with which, the 
Wernerians are in the habit of viewing the statements of their 
master that no writer among them (at least so far as I know) 
has ventured to strike out the topaz rock from the list of general 
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primitive formations ; though there can be no doubt that it is a 
mere variety, or rather deviation, from another formation under 
which it should be placed. . 

The trap rocks in Germany are so imperfectly exposed that it 
was very difficult in that country to form accurate conclusions 
respecting their structure and position. This accounts for the 
mistakes into which Werner seems to have fallen respecting 
them. The same observation applies to the floetz rocks. Great 
Britain is much better adapted for the study of these rocks than 
Germany. {n the middle districts of Scotland, the trap rocks 
occur in vast abundance, and so fully exposed that they afford 
the greatest facilities for examining their structure and position. 
The same may be said of the coal formation which at Crossfell 
and some other places is most admirably laid open for exami- 
nation. 

It seems to be true that the primitive formations alternate with 
each other differently in different places ; though several of the 
examples brought forward by our author are, I believe, inaccu- 
rate. The structure of the Grampians, for example, is repre- 
sented as quite capricious ; yet, as far as I have examined it, 
we find a great conformity, with the exception of those parts 
where deposits of porphyry occur ; for this rock where it makes 
its appearance, as at Glenco and in Cumberland, renders it very 
difficult for us to make out the structure of the country. 

But there is a striking distinction between rocks which was 
first pointed out by Lehman. Some rocks contain no traces of 
animal or vegetable remains. We have, therefore, no evidence 
that they have not existed since the original formation of the 
globe. There are other rocks which contain these remains. 
These must have been formed after the earth was inhabited by 
animals and vegetables. They are not, therefore, original, but 
secondary. They consist chiefly of fragments of the other rocks, 
indicating that they were formed by the destruction of part of 
these rocks, and that they involved with them the remains of 
the animals and vegetables which at that time existed. Now it 
is a matter of fact that the first of these rocks, or the primitive, 
as they have been called, lie always (or almost always) below the 
secondary, or have the beds of the secondary rocks reposing 
against their sides. Here then is a regular arrangement of rocks, 
clear, obvious, and undisputable. ‘The primitive come first in 
order, and they are succeeded by the secondary. 

It is true that one or two examples occur, as at Christiania, mn 
Norway, if Von Buch’s observations be correct, where primitive 
rocks are observed lying over secondary rocks, or rocks contain- 
ing animal fossils. Such cases should be carefully described 
and examined as erceptions to the general order of the arrange- 
ment of rocks. When the degree of rarity of the oceurrence of 
such examples has been ascertained, and when all the phenomena 
have been accurately examined, perhaps, it will be in our power 
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to account for the seeming anomaly from some changes whichhave 
taken place in the position of these rocksin consequence of a 
catastrophe postenor to their! formation,. They are not more 
extraordinary than the nature and position of some of the floetz 
rocks described by Mr. Webster in the, Isle of Wight. Such 
rare deviations ought not to be considered as overturning -the 
general, order which the rocks follow with respect to their order. 

Werner’s transition rocks certainly are entitled to attention in 
consequence of their very peculiar nature, His arrangement, 
whether accurate or not, has been attended with the advantage 
of calling the attention of geologists to these rocks. We find 
them always grouped together. They sometimes contain fossil 
remains of animals and vegetables, and sometimes not. In the 
former case, as far as my own observations go, they are asso- 
ciated with floetz rocks ; in the latter case, with primitive rocks. 
Greywacke, which constitutes the most striking and characte- 
ristic of the transition rocks, differs a good deal in its appearance, 
and I have been for some time of opinion that two distinct 
rocks have been confounded together under the same name. 1 
believe that a greywacke exists to which the epithet primitive 
may be applied, as it never contains fossils, or alternates with 
rocks that contain fossils; while there is another variety. that 
associates with floetz rocks, and contains fossils. It alone is 
entitled to the epithet ¢ransztion, or floetz, if our author chooses 
to discard the term transition altogether. 

Lagree with our author that Werner’s term ¢ransi(ton implies 
an absurdity. . Werner, or his pupils (I. know not which), 
attempted a great deal too much when they undertook to detail 
the order of the formation of all the rocks constituting the crust 
of the earth. Indeed their-repeated inundations and retreats of 
the waters may be considered as perfectly on a par with Burnet’s 
account of the antediluvian world, and the effects of the deluge. 
All we know about the rocks composing the crust of the earth 
is, that some are destitute of fossils, while others contain them. 
The first are or?gina/ rocks, about the formation of which: it 
seems folly to speculate. Thesecond set must have been formed 
after the earth was inhabited by animals and vegetables; though, 
as human remains have not been observed in them, probably 
before the existence of man. Unless we suppose, as has been 
done, that the secondary rocks were formed by a deluge, and 
that after this deluge, sea and dry land changed places ; so-that 
the antediluvians and all their works were buried under the 
bottom of our present ocean. The secondary rocks are formed 
of the debris of the primitive, ard lie over them, except in some 
rare cases, to be accounted for by earthquakes or other similar 
catastrophes. ‘To suppose a set of rocks formed while. the 
earth was passing from a state of not being capable of support- 
ing animals and vegetables to a state capable of supporting them 
is, to say the least of it, a.1uo0st whimsical and unlikely supposition. 



1819.] Greenough on the First Principles of Geology. 463 

It would be too much to: suppose that Werner’s ‘arrangement 
of the floetz rocks, which he himself admitted to be’ very imper- 
fect, is rigidly accurate; yet’ when ‘we compare it with ‘the 
structure of England, the agreements are much greater than we 
could have expected @ priori. Some of Werner’s floetz forma- 
tions, indeed, as his gypsums, either do not exist in England, or 

~ they constitute beds of trifling size and extent; while some, ‘as 
the oolite, occupy a much greater space in England than they 
seem to do in Saxony and Bohemia, from which Werner seems 
to-have drawn his notions. But whoever makes a comparison 
of the Wernerian floetz rocks with Mr. Smith’s geological map 
of England, or with Mr. Buckland’s table of the order of the 
strata of England and Wales, will be struck with the resem- 
blance. 

I do not see the force of our author’s refutation of the 
Wemerian assumption, that granite is the fundamental or lowest 
rock, \ 

With respect to the specific gravity of rocks, though it is not, 
strictly speaking, true, that the rocks which constitute the sur- 
face of our earth are deposited accurately according to their 
relative specific gravities ; yet when we allude to the structure 
of the whole globe, it is obvious that the concentric shells of 
which the globe is composed must increase in specific gravity 
as they approach the centre. This would be the case even 
supposing every shell composed of the same kind of rock. The 
reason is, that every shell is subjected to the pressure of all the 
shells between itself and the surface of the earth; so that the 
specific gravity of each shell must increase in a ceometric ratie 
as it approaches the centre of the earth. Let us suppose the 
earth composed of a million of concentric shells, inclosed withia 
each other like the coats of an onion. Let the specific gravity 
of the outermost shell be 21, that of water being | ; then it has 
been demonstrated that the specific gravity of the stratum form- 
ing the millionth shell, or the nucleus of the globe, supposing it 
merely increased ‘by the pressure of the shells lying over it, 
would exceed 134. It is obvious from this that we cannot 
reason about the nature of the strata which constitute the inte. 
rior of the earth ; because what materials soever we suppose 
them composed of, the specific’ gravity would: increase geome- 
trieally as they approach the centre. tt 

The work, which:I have been analyzing, contains three more 
essays, with the following titles ; | 
VIL On. the Properties of Rocks,’ as’ connected with their 

respective Ages. ° , 
WIL. On the History of Strata, as deduced from their Fossil 

‘Contents. as 
Vill. On Mineral Veins. ; 

“These essays contain much information, and many judicious 
observations, «in the: justice of which I heartily concur: | But I 
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‘gould not enter into an analysis of them without occupying 
another number of the Annals. .As many of my readers would 
probably consider this as exceeding the requisite allowance, | 
must satisfy myself with referring those readers. who are inte- 
rested in the subject to the aot itself, from the perusal of 
which I can promise them much information and considerable 
entertainment. 

ARTICLE X. 

Proceedings of Philosophical Societies. 

ROYAL SOCIETY. 

On Nov. 4, this Society recommenced its sittings ; when the 
Croonian lecture, by Sir E. Home, was begun It was entitled 
“« A Further Investigation of the component Parts of the Blood.” 

Nov. 11.—The Croonian lecture was concluded. The author 
‘attempted to show that globules are to be found in the blood, ofa 
less size, and of a different nature, from those commonly supposed 
to exist in that fluid. These were first observed by Mr. Bauer 
during an examination of the layers composing an aneurismal tu- 
mour. In the coat in contact with the circulating blood, these 
smaller globules were observed in the proportion of 1 to 4 com- 
pared with the larger globules, but in the other layers they were 
more numerous ; and in that which had heen first formed, they 
existed in the proportion of 4 to 1]. Their size was estimated by 
Mr. B. at =44;th of aninch. In making a section of another 
aneurismal tumour, crystals of sulphate of lime, and muriate and 
phosphate of soda, were observed, which salts, as well as the 
globules above-mentioned, Sir E. supposed to have originally 
existed in solution in the serum, the globules being only to be 
seen after the coagulation of the blood had taken place. 

In the coagulated lymph formed during violent inflammation, 
the same globules were observed mixed with a few colourless 
blood globules. In the upper and firmest coat of the buff of 
blood, they were likewise very numerous, but the lower and 
softer parts were found to be composed chiefly of blood globules. 
To distinguish these globules from the larger blood globules, the 
author proposed to call them globules of /ymph. 

The author proceeded to state that the quantity of carbonic 
acid gas evolved under the exhausted receiver of an air-pum 
from buffy blood was much less than that from healthy blood, 
but that by far the greatest proportion of this gas escaped from 
the blood of a healthy person drawn an hour after a full meal. 

Mr. Bauer found both lymph and blood globules in the mucus 
of the pylorus and duodenum. In the chyle, he found the size 
of the globules various. Mr. B. supposes that the blood ae 
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are formed in the mesenteric glands, with the exception of the 
_ colouring matter, which, he thinks, they acquire on exposure to 

air in passing through the lungs. 
At this meeting the Bakerian lecture by Mr. Brande was 

begun: “ On the Composition and Analysis of the Inflammable 
Gaseous Compounds resulting from the destructive Distillation 
of Coal and Oil, with some Remarks on their relative heating 
and illuminating Powers.” 

_ Nov. 18.—The Bakerian lecture was concluded. In the first 
part of this lecture, the author attempted to show that no other 
compound of carbon and hydrogen can be demonstrated to exist 
than what is usually denominated olefiant gas, consisting of one 
proportion of carbon and one of hydrogen ; and that what has 
been usually termed carburetted hydrogen is in reality nothing 
but a mixture of hydrogen and olefiant gases. In proof of this 
opinion a series of experiments was detailed, made upon gaseous 
products obtained from coal, oil, and other substances, and in 
various ways, the results of all which tended to establish the 
truth of the above opinion. 

The author advanced the supposition that many of the products 
usually obtained by the destructive. distillation of coals,, &c. 
are of secondary formation; that is to say, that they result from 
the mutual action of the first formed gases at high temperatures. 
Thus a peculiar compound of hydrogen and carbon was stated'to 
be formed by passing pure olefiant gas through a tube containing 
red-hot charcoal. This substance was similar to tar m appear- 
ance, but possessed the properties of a resin. So also by the 
mutual action of sulphuretted and carburetted hydrogen, ‘sul- 
phuret of carbon was stated to be formed. In this part of the 
lecture some new modes of analyzing gaseous mixtures were 
pointed out. . 

In the second section, comparative experiments were detailed 
on the illuminating and heating powers of gases from coal and 
oil. The general results were, that the illuminating powers of 
olefiant, oil, and coal gases, are to one another nearly as 3, 2, and. 
1, and that the ratio of their heating powers is nearly similar; 
that is to say, that more heat is prodeed by the gas from coal 
than by that from oil, and by the gas from oil than by olefiant 
gas. In this part of the lecture was also strikingly illustrated by 
experiments the great advantage obtained in point of illuminating 
power, by forming the burners of many jets, in preference to a 
single one, especially when the jets are made so near to. one 
another that the different flames can unite. 

The lecture was concluded by some comparative experiments 
on the properties of terrestrial and‘ solar hght. The light pro- 
duced by gases, even when concentrated so as to produce a 
sensible degree of heat, was found to occasion no change in the 
colour of muriate of silver, nor upon a mixture of chlorine and 
hydrogen gases; while, on the other hand, the concentrated 

Vou. XIV. N° VI. 2G 
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brilliant light emitted from charcoal, when submitted to galvanic 
action, not only speedily affected the muriate of silver, but 
readily caused the above gaseous mixture to unite, sometimes 
silently, and often with explosion. The concentrated light of 
the moon, like that from the gases, did not affect either of these 
tests. The author in’ conclusion remarked, that having found 
the photometer of Mr. Leslie ineffectual in these experiments, he 
employed one filled with the vapour of ether (renewable from a 
column of that fluid), and which he found more delicate. 

At this meeting, a paper, by Dr. Carson, was begun, ‘On the 
Elasticity of the Lungs,” 

ArTIcLE XI. 

SCIENTIFIC INTELLIGENCE, ‘AND NOTICES OF SUBJECTS 

CONNECTED WITH SCIENCE. 

I. Arsenic. 

Arsenic is one of the simple bodies which has not yet been 
reconciled in a satisfactory manner to the atomic theory. In 

the last edition of my System of Chemistry, I deduced the 

weight of an atom of it, from the best experiments hitherto made 

on the subject, to be 4°75. I concluded likewise that the 
oxygen in arsenious and arsenic acids were to each other as the 

numbers 3 to 5, and that their constituents were as follows : 

Arsenious acid, .. 100 arsenic + 31°600 oxygen 
Arsenic acid. ,... 100 + 52°63] 

This makes the numbers representing the atoms of arsenic and 
oxygen united in these bodies as follows : 

Arsenious acid. /... 4°75-arsenic, + 1:5 oxygen 
. Arsenic acid. ...... 4°75 + 2°5 

_or the first is a compound of 1 atom arsenic )-+ 1-5 atom oxygen, 
_and the second of 1 atom arsenic + 2°5 atoms oxygen. It is 
obviously possible to get rid of these fractional parts of atoms 
by multiplying the preceding numbers by 2. This will give us 
9:5 for the weight of an atom of arsenic, and arsenious acid will 
_ be composed of 9:5, arsenic + 3 oxygen, and arsenic acid of 
9:5 arsenic + 5 Oxygen. An atom of arsenious acid will weigh 
42:5, and an-atom of arsenic acid 14:5. I thought it premature 
to propose this view of the subject till further experiments 
should be made on the composition of arsenious acid. 

. Berzelius has since published a new, set) of experiments to 

determine the composition of both these acids, and the propor- 

tigns -in« which they unite with bases. “These experiments I 
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intend to insert.in an early number of the Annals of Phelosophy. 
At present I shall merely observe that Berzelius has adopted my . 
view of the subject, which his experiments seem to me to esta- 
blish in a satisfactory manner. I have been a good deal gratified 
to perceive that all the new determinations that have been made 
since the publication of my last edition approach nearer than the 
former ones to the numbers which I have pitched on for the 
weight of the atoms of bodies. 4 

According to Berzelius’s new analyses, these two acids are 
composed as follows : 

Arsenious acid. .. 100 arsenic +.31:907 oxygen 
Arsenic acid. .... 100 + 53179 

numbers which almost coincide with those which I have already 
given, partly from my own experiments, and partly from those of 
Proust. 

Berzelius found arseniate of lead composed of 

Arsenic acid .. 34:14 .... 10000 .... 7-257 
Oxide of lead.. 65°86 .... 192°91 .... 14-000 

I have added the last column in the preceding table, from 
which we see that if 14 be the equivalent number for protoxide 

_ of lead, as I have shown it to be, then the equivalent number for 
arsenic acid is 7°257. Now 7:25 is the number which I assigned 
for arsenic acid in my System; therefore I consider the analysis 
of Berzelius as corresponding exactly with my previous views. 

Berzelius formed two arsenites of lead. The first, by precipi- 
tating nitrate of lead by arsenite of ammonia; the second, by 

- mixing together arsenite of ammonia and subacetate of lead. 
The first of these he found composed as follows : 

Arsenious acid... 47°356 .... 100:00 .... 12°593 
Protoxide oflead.. 52°644 .... 11117 .... 14000 

The composition of the second was as follows : 

Arsenious acid ......., TUG im ontiet ous 6°377 
Protoxide of lead...... Oi Obrin cease ¢ . 14:000 

It is quite obvious that the first of these salts contained twice 
as much arsenious acid as the second. If we consider the 
second as composed of one atom acid and one atom base, then 
the first must be a compound of two atoms acid aud one atom 
base. On this supposition, the equivalent number for arsenious 
acid willbe: — 

Myvitivat Galt uss sweeties pec 6296 
i By second salt...... Wace OOLT 

Mears, 8 poaizi¢ UO, 22416386 

The number which I had chosen is 6:25. Now I consider 
2 ae 



468 Scientific Intelligence. (Dec. 

‘Berzelius’s analyses as a full confirmation of the accuracy of this 
number ; for it differs less from the number given by the first 
analysis than the two analyses do from cach other. 

Tt seems then established that the numbers for these two acids 
are as follows : 

Arsenious acid. .......0008. 6-25 
Arsenic acid. . ss «aayibrid Yn eid to 

If any person wishes to get rid of the anomaly of the halfatom, 
he‘has only to double these numbers by supposing an atom of 
arsenic to weigh 9:5. Qn such a supposition, the arseniate of 
lead analyzed by Berzelius must be a compound of one atom 
arsenic acid + two atoms protoxide of lead. The first arsenite 
of lead which he analysed will be a compound of one atom arse- 
“nious acid and one atom protoxide of lead; while the secon 
contains one atom acid + two atoms base. , 

This supposition, which is the simplest, may very likely be 
true ; but it will be necessary before we adopt. it to analyze a 
greater number of the arseniates than have hitherto been 
subjected to an experimental investigation. My object here is 

merely to show that my previous views are fully confirmed by 
Berzehus’s experiments ; and to inform my readers that he has 
given up his previous notions respecting these acids, which 

- indeed were untenable. 

Il. Calculus from the Bladder of a gouty Person. 

Some weeks ago a medical friend of mine in Birmingham sent 
me a small specimen of calculous matter found after death in 

. the bladder of a man of 64 years of age who had been afflicted 
with gout for 10 years. 

The substance was greyish-white, and had a good deal the 
aspect of bone earth. It was partly in powder, and partly in 
small nodules, that appeared to be Foti of concentric layers, 
and which were rather hard. Considering it from its appearance 
as bone earth, I digested’a little of it in muriatic acid; but did 
not find it sensibly to diminish. The mumiatic acid being poured 
off, and evaporated to dryness in a watch-glass, left a slight 
saline crust, which from the taste, solubility, and the action of 
oxalate of ammonia on it, I concluded to be muriate of lime. 
‘Another portion of the calculus being put into nitric aeid and 

heated, dissolved with effervescence, and the solution, which 
_ was colourless, being evaporated to dryness, left a beautiful pink 
Ronen: Hence. the calculus was chiefly composed of uric 
acid. . 

One grain of it was exposed for an hour to a red heat ina 
muffle, being placed in a platinum cup.’ It was now reduced to 
0-1 gr. The residuum was white, and resembled bone ashes. 
Water being digested on it acquired the property of giving a 
purple tmge to paper stained red with cudbear, sie the 
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resence of an alkali. The water being evaporated to dryness 

left a white crust on the glass, which was tasteless, insoluble in 

water, but soluble with effervescence in nitric acid, and the solu-- 

tion was precipitated white by oxalate of ammonia. It was, 

therefore, carbonate of lime; so that the alkaline properties of 

the water were derived from some lime which it held in solution, 
The residual matter dissolved without effervescence in muria-. 

tic acid, and was precipitated white by ammonig, It was, 
therefore, phosphate of lime. ph orn] 

Thus the calculus was composed of 4 

Uric acid, 
Phosphate of lime, 
Lime. 

I think it not unlikely that the lime had been im combination 
with the uric acid ; but the quantity of calculus (amounting only 

‘to three or four grains) was too small to enable me to determine 

the point by a more rigid analysis. 
The fact, however, of pure lime being separable by muriatic 

acid, and by water after simple exposure to a red heat, I think 
of some importance. Iam not aware that it has been hitherto 

observed. 

III. Query respecting the Method of coating Metals with 
Platinum. By T. Howse, Sen. 

(To Dr. Thomson.) 
SIR, Cirencester, Sept. 2T, 1819. + 

From some directions for washing metals by means of amal* 
gams, in Rees’s Cyclopedia, I was led to hope that it would be 

a matter of no great difficulty to apply the valuable metal plati- 

num to some of the common purposes of life. According to 
those directions, I have precipitated platinum from its solution 
by adding muriate of ammonia, heated the precipitate to expel 
the acid and oxygen, and afterward heated it again with the 
addition of mercury, to form an amalgam, for the purpose of 

coating brass or copper, from which the mercury was to be driven 
off by heat applied to the article coated with the amalgam, I 
have tried several variations of the process, but hitherto without 

success ; | should, therefore, feel obliged if you would furnish 
me with the method actually practised, if it be known, through 
the medium of your Annals. I fear that a covering of platinum 
laid on by means of mercury, must, if practicable, be so thin as 

to possess little durability. A chemical friend informs me that 
copper articles plated with platinum, the twg metals being in the 
roportion of 15 to 1, may be purchased of M. Labouté, rue 
euve-Saint-Eustache, No. 4, at Paris, at about 37s. per pound ; 

but he is not aware that this method of plating is yet published, 

. I remain, Sir, your constant reader, : 
T, Howse, 
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*,* T am not aware that any process for covering metals with 
platinum has been hitherto published, but have little doubt, from 
somé trials that I have made, that the process followed for gild- 
ing by means of the amalgam of gold would answer likewise with 
platinum. A great deal depends upon the affinity of the metal 
for mercury. Of course it will be more difficult to succeed on 
steel than on copper. On brass the process should be easy. 
The surface of the brass should be in the first place amalgamated 
with mercury, and much will depend upon the state of the amal- 
gam.. If my correspondent would take the trouble to visit some 
of the gilding manufactories at Birmmgham, for example, he 
would probably meet with a solution of most of his difficulties. 
In some cases, the method of M. Leithner, described in the 
Annals of Philosophy, v. 20, might, perhaps, be practised with 
advantage.—T. 

IV. On the Alloy of Platinum and Tin. By Dr. Clarke, 

(To Dr. Thomson.) 

DEAR SIR, 

In the number of your Annals for September last (vol. xiv. 
No. ili. p. 229), there is a communication from me upon the sub- 
ject of an experiment alluded to by one of your former corres- 
pondents. _ It is that which relates to the astonishing affinity of 
platinum and tin atno very exalted temperature before the common 
blow-pipe. By some unaccountable mistake, the word dead has 
been ‘substituted for that of tin. By reference to the notice of 
your correspondent Mr. Fox, (p. 467, vol. xi.) you will perceive 
that it never was my intention to describe any other effect than 
that produced by the fusion of platinum and tin. Throughout 
re whole of my late communication, therefore, for-lead and 
ead-foil read tin and tin-foil. The effect of melting platinum 
and lead together is well known ; the two metals unite tranquilly 
together ; but when ¢in is substituted for /ead, the effect takes 
place which I have described ; and the light and heat emitted 
are truly surprising. E. D. CLarke, 

V.. Chemical Chair at Berlin. 

* Whe chemical chair at Berlin, left vacant by the death of 
Prof. Klaproth, is still unoccupied, Prof. Berzelius and Prof. 
Gmelin, of Heidelberg, having declined filling it. A young man 
of some talents, who is to follow Berzelius to Stockholm, and 
to study for some years under his auspices, is spoken of as des~ 
tined to become Professor of Chemistry. ' 

VI. Water of the Dead Sea. 

The water of the Dead Sea has attracted the attention of 
chemists in consequence of the great quantity of salt which it 
contains. A very elaborate and, I believe, accurate analysis of 
jt was published a good many years ago by Dr. Marcet in the 
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Philosophical Transactions. Afterwards it was analyzed again 
by Prot. Klaproth. The result of his experiments, and the 
animadversions on them by Dr. Marcet, may be seen inthe first 
volume of the Annals of Philosophy. A few months ago, Gay- 
Lussac published another analysis of the same ‘water. The 
specimen examined was brought by the Comte de Forbin. I 
shall exhibit the results of these three analyses in the following 
table. The saline contents were extracted from 100 of*water. 

Marcet. Klaproth, Gay-Lussac, 

Common salt... oo. es so 1O6765 2246 T3M ven i 6:95 
Muriate of lime. ........ 3°792 2... 1060.6. 3°98 
Muriate of magnesia..... 10°100 .... 2420 .....15:31 - 
Sulphate of lime........ 0°054 2... ee 

24-622 42-60 26:24 

The specific gravity of the water examined by these gentle- 
men differed somewhat ; depending, perhaps, upon the season 
of the year in which the specimens were taken. The following 
table exhibits the specific grayities as stated by each of them : 

Dr > Mareet MONRO? 8. o: Pelt 
Prof. Klaproth. ...........5 1-245 
M. Gay-Lussac .. 200.020. .» 1:2283 at 62° 

I think ‘it probable that the greater specific gravity of the 
water examined by Gay-Lussac, together with his making an 
allowance for the muriatic acid driven off durmg the exposure 
of the muriate of magnesia to a red heat, is the cause of the 
aa a ae of salt found by him in this water than by Dr. 

arcet. ‘The method of determining the true quantity. of salts 
contained in water may, at first sight, appear very easy, but it is 
a problem attended with considerable difficulty. . The method 
which I find to answer best is to put a given weight of the water 
into a Florence flask, the weight of which is noted, to incline 
the flask upon a sand-bath, and to evaporate the water away. 
I then expose the bottom of the flask to a red heat, and weigh it 
when cold. From this it is easy to deduce the weight of the 
saline contents, provided care be taken to add the proportion of 
muriatic acid Shit may be driven off from various: eatthy 
muriates (especially muriate of magnesia), if they are present. 

Klaproth’s salts were not dried at a red-heat.. This accounts 
for the great weight of the salts which he obtained; and makes’ 
it difficult to draw any accurate conclusions from his analysis. 
The muriate of lime found by Marcet, and Gay-Lussac nearly 

ee. We find the same approach to coincidence in the quan- 
tity of common salt and muriate of magnesia ‘taken together 
but Dr. Marcet found a much greater proportion of common 
salt than M. Gay-Lussac; while, on the other hand, Gay-Lussay 
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found a much greater proportion of muriate of magnesia than 
Marcet, It is difficult to say on which side the error lies. In 
consequence of the great care which Dr. Marcet took, and the 
number of times that his analysis was repeated, | rather feel 
disposed at present to prefer his results; but another analysis 
by some other person, with all the precision that our present. 
analytical methods admit, will be necessary before the point can 
be considered as settled. situa 

Gay-Lussac found traces of muriate of potash in this water. 
He exposed it to a temperature of 19° without any crystallization 
taking place.. Hence it follows that the water of the Dead Sea 
is not saturated with salt. 

VIIL.. Beautiful luminous Phenomenon. 

(To Dr. Thomson.) 

SIR, Newton Stewart, Oct. 18, 1819, 

- A singular and beautiful phenomenon appeared in our atmo- 
sphere here last night about eight o’clock; it was a bow, or 

_ arch, of silvery light, stretching from east to west, and intersect- 
ing the hemisphere at a few degrees to the southward of the 
zenith ; its breadth varied considerably during its continuance ; 
but when in its most perfect and defined state might have formed 
with the eye an angle equal to what the breadth of the rainbow 
generally does. The intensity of its ight might be compared to 
that of a thin cloud illumined at night by the moon, and was 
greatest towards the extremities of the arch, both of which were 
lost in dark clouds. I was not an eye-witness to its formation, 
but was told it first shot up from the eastern horizon. After it 
had remained very bright for 20 minutes, or so, dark blanks: 
were first. observed to. take place here and there; then after 
expanding a little in breadth, and shifting for a short way further, 
to the southward, it disappeared. Some time before its appear- 
ance, the atmosphere had been very cloudy; but when it was 
formed, the sky was free of clouds, except towards the horizon, 
to the westward and. northward, where they hung very dark and 
heavy. It was also a calm, but the wind had been at N. the 
barometer stood high, and the thermometer at 43°. To account 
for such a singular phenomenon, I make no pretensions; but. it; 
was strikingly different from any of the usual formsiof the boreal: 
lights, which. too,were seen, very vivid'im the course of the even- 
ing. From its steady permanence for such along time, the body 
illumined could be recognised as: of a vapory nature, and. the: 
stars were discernible through its medium at several places. 

The above appearance was observed with a great degree of 
interest and admiration by all who saw it; and I have transmitted; 
you this notice of it, judging that it will not be unacceptable to: 
you, or uninteresting to some of the readers of your Awnals of 
Philosophy. ‘Lam, Sir, with.respect, Bu. 
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VIIL. Boracic Acid in Tuscany. 

Mineralogists have been for some time aware of the existence 
of boracic acid in solution in certain lakes of Tuscany. M. Ro- 
biquet informs us (Journal de Pharmacie, 1819, p. 261) that he 
was told by M. Dubrouzet, one of the proprietors of the lakes of 
Cherchaio, that he obtained about two per cent. of the acid from 
the waters subjected to evaporation. M. Robiquet was offered 
any quantity of this acid delivered in Paris at the price of three 
francs the kilogramme. It would appear that considerable quan- 
tities of it had been sent to Paris; but no purchasers have 
hitherto presented themselves. ; 

From the trials made by M. Robiquet with this acid, we learn 
that it is in small scales, of a greyish colour. _ Its taste is slightly 
bitter. Its solution in water reddens litmus ; it is not precipi- 
tated by nitrate of silver, nor oxalate of ammonia ; but strongly 
by muriate of barytes. It contains, therefore, an alkaline sul- 
phate mixed with it. When dissolved in water, it left an 
insoluble residue on which the mineral acids had no action. It 
was composed of different earthy bodies mixed with a little oxide 
of copper. ¥ 
'M. Robiquet suggests the propriety of adding the requisite 

quantity of soda to convert this acid into borax; and if any 
confidence can be put in the calculations which he makes, the 
speculation would be attended with considerable profit. 

IX. Sagacity of a Newfoundland Dog. 
T am tempted to copy the following anecdote of a Newfound- 

land dog from Anspach’s History of the Island of Newfoundland, 
jast published. I have seen the story before; but shall not 
attempt to determme whether the original relator of the story, 
or Anspach, be the authentic account; or whether the same 
thing may not have happened with two different dogs. 
“The last quadruped that we shall mention under this head, 

though very far from being the least in worth, is the Newfound- 
land dog, a valuable and faithful friend to man, and an implacable 
enemy to sheep. When born or reared from an early age under 
the roof of man, this dog is the most useful animal in the island 
as a domestic. He answers some of the essential purposes of a 
horse, is docile, capable of strong attachment, and easy to please 
in the quality of his food ; he will live upon scraps of boiled fish, 
whether salted or fresh, and on boiled potatoes and cabbage ; 
but, if hungry, he will not scruple to steal a salmon, or a piece 
of raw salt pork from the tub in which they have been left to 
steep ; he is likewise fond of poultry of the larger kind ; but, as 
a beverage, nothing is equal in his estimation to the blood of 
sheep. ‘lhe author had purchased a puppy of the true breed, 
which had been brought from the northward of the island to 
Harbour-Grace. This puppy grew up to the size of a small 
donkey, as strong and fit for hard work, as he was tractable and 
gentle, even with the children of the family, of whom he Seemed 
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to be particularly fond; nor was he ever known, in any one 
instance, to disagree with the cats of the house, whom he treated 
rather with a kind of dignified condescension. But the dog, 
unless closely watched, would run after sheep wherever he could 
trace them, even drive them from high clitts into the water, and 
jump in after them; not, however, without first considering the 
elevation of the cliff; for, if he thought it too great, he would 
run down and take the nearest more convenient place to continue 
his pursuit. The owner of that dog had, at one time, some 
domesticated wild geese, one of which would frequently follow 
him in his morning walks, side by side with Jowler: they seemed 
to live together on the best terms. Unfortunately the servant 
neglected one night to confine them, according to custom ; the 
next morning the feathers of the favourite goose were found 
scattered in a small field adjoming to the grounds. The dog 
was soon after found concealed in a corner of the wood-yard, 
and, on his master looking at him, -exhibited evident signs of 
conscious guilt: his master took him to the field, and pointed 
out to him the feathers: the dog, staring at him, uttered a loud 
growl, and ran away wiih all the speed of which he was capable; 
nor could he bear his master’s sight for some days afterwards. 
At another time, the author had three young sheep, for whom 
in the day-time the dog seemed to affect the utmost indifference : 
the servant neglected one evening to take them into their shed, 
and to confine the dog ; and the next morning the sheep were 
found stretched in the back yard lifeless, and without any other 
mark of violence than a small wound in the throat, from which 
the dog had sucked their blood. It is a remarkable circumstance 
that the Newfoundland dog, when pursuing a flock of sheep, 
will single out one of them, and if not prevented, which is a 
matter of considerable difficulty, will never leave off the pursuit 
until he has mastered his intended victim, always aiming at the 
throat ; and after having sucked the blood, has never been 
known to touch the carcase.” 

X. Spontaneous Ptyalism accompanied by a diminished Secre- 
tion of Urine. By Dr. Prout. 

The subject of this singular case was a woman upwards of 
60 years of age. The ptyalism was constant and excessive, 
amounting to several pints in the course of the day, while the urine 
was reduced to a few ounces. Its source appeared to be the 
whole of the apparatus destined to secrete saliva. The woman 
had lost her appetite, and her strength appeared reduced, but 
in other respects nothing remarkable was observed. 

The taste of the fluid was described as urinous. It was opales- 
cent, very slightly ropy, and foamed when agitated. Its specific 
gravity was 1005:5. It restored the blue colour to reddened 
htmus paper, and faintly reddened ‘turmeric paper. Hence it 
contained a free alkali, to which was doubtless owing the wrinous 
taste above-mentioned. 
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When exposed to heat, it coagulated. The soluble salts of 
lead, mercury, and silver, when added to it, caused precipitates. 
The addition of the mineral acids also caused precipitates. Even 
dilute acetic acid produced a copious precipitate, but when 
prussiate of potash was afterwards added, no precipitate took 
place. Hence the animal matter, though evidently retaied in 
solution by the free alkah present, was not albumen; but 
appeared to be the peculiar matter secreted by the salivary 
glands, perhaps a little altered in its nature. 

One thousand grs. evaporated to dryness at a temperature 
between 212° and 300°, left 8°65 grs. which were found to 
consist of 

Animal matter above-mentioned............ .. 308 
Animal matters solublein alcohol, and similar 

apparently to what are usually found in the 
Bloods is idea et can etikibiiotals 28 1:06 

UpbMriC ANG, 7). Skis. deat zeke eit. "ts ibis fe 0-90 
Muriatic acid. .......... b plies oe ri «» O75 
Phosphoric acids sis 334 ai: an dow. 4 avid gas 21006 
Alkaline matter, consisting partly of soda and 

partly of potash 6 miiij.s ase ojsis sey isis oem e vies DOD 

8°65 

With respect to the relative proportions of the potash to the 
soda, or how they were distributed among the acids, I did 
not attempt to ascertain. But it is evident that the acids were 
not sufficient to neutralize the alkalies present, which accounts 
for its sensible properties, as detailed above. When the animal 
matters were burned, they left a minute quantity of the earthy 
phosphates. 

The urme of this woman was of an amber colour, slightly 
opaque. Its specific gravity was 1013-1. It contained crystals 
of uric acid, and reddened litmus paper more strongly than usual. 
It contained much less urea than natural, but a large proportion 
of a brown animal substance, which appeared to render it very 
prone to decomposition, especially when exposed to heat. 

This case occurred to my friend Dr. Elliotson at St. Thomas’s 
hospital. With the view of increasing the flow of urine, diure- 
tics were given. These produced the desired effect. The urine 
was rendered more natural and copious; while the salivary 
discharge was proportionally diminished. 

It is not ailkell that cases ofthis nature have been mistaken 
for discharges of urine from the mouth. In the present case, it 
appears that the woman herself considered that the fluid came 
from the stomach, and was of an urinous nature. She had 
laboured under similar attacks before, but they were less severe, 
and after some time had ceased spontaneously, and her appetite 
and strength had returned as usual. 
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Astronomical Observations. 

Articue XI. 

Astronomical, Magnetical, and Meteorological Observations. 
By Col. Beaufoy, F.R.S. 

Bushey Heath, near Stanmore. 
Latitude 51° 37’ 42” North. Longitude West in time 1! 20°7”. 

Oct. 24, Emersion of Jupiter’s third 
batetlite 605. ck. oe aig ots 

[Dec. 

9" 19’ 39 Mean ‘Time at Bushey. 
$5 20 40 (Mean Time at Greenwich. 

Magnetical Observations, 1819. — Variation West. 

Morning Obsery. 

—_—___ 

Month, 
Hour, Variation. 

poscerniveigcal 

Oct, 1] 8h 35’| 240 31/ 
21°" 8-35 | 94 » 80 

S18 .35,} 24 Sl 
4| 8 35|24 30 
Si- 8 40] 94 SI 
6) 8 335 | 24° 38 

““Tl 8 40} 24 38 
8} 8 40] 294 36 
9| 8 35|24 35 

10; 8 35 | 24 32 
Ib), 8. 35.) 24. 35 
12] S 35 | 24 33 
3] 8 35] 24 39 
14] 8 40! 24 33 
15| 8 35 | 24 32 
16| 8 35] 94 32 
17} 8° 40} 294 48 
18; 8 35] 24 38 
19/ 8 35] 924 35 
20}. 8 30] 24 36 

21" 8 35°] 24° 32 
22; 8 40] 24 SI 

23; 8 35] 24 32 
24) 8 35| 24 32 
25} 8 35/924 32 

26) 8 35] 24 33 
27|.8 35 | 24.32 
28| 8 30) 24 29 
29) 8 40} 94 31 
SO) — ey 
31; 8 30] 24 32 

pated |e 34 | 24 33 27 
Month. 

Noon Obsery. 

Hour. 

VA, epee ral Tape va] tot pees eat fret feed pet feat ft bf ft Je fl ed fd fed 

I 24 

Variation. 

24° 40/ 
24 
24 
24 
24 
24 
24 
24 
24 
24 

40 
Al 
40 
Al 
42 
46 
43 
42 
39 
A3 
41 
3T 
4l 
39 
38 
A3 
43 
39 

38 
36 
38 
35 
37 
38 
37 
39 
40 
38 
38 

24 40 08 

Evening Obsery. 

Hour. 
— | | | 

49" 

Owing to the shortness of the days, evening observations discontinued. 

Variation. 

In taking the mean of the morning observations, that on the 
17th is not included, being so much in excess, for which there 
was no apparent cause. 
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Meteorological Observations. 

A477 

en 
LLL 

Morn.... 
Noon.... 

Morn.... 

Even .... 

Noon.... 
Even.... 

Noon.... 

Noon.... 

| 29°252 
-| 29°278 

.| 29°272 
-| 29°228 

-| 29-100 
.| 29-100 
— 

29°468 
29-545 

29-669 
29°b80 

29°ATT 
29°A50 

29-580 
29°593 

29°500 
29°430 

29°345 
29-360 

29°403 
.| 29°434 

--| 29°571 
.| 29°570 

29-533 
.| 295523 

.-| 29°651 
29:°658 

,| 29°S54 
..-| 29°86] 

-| 29-800 
| 29°T81 

.| 29°685 
29-700 

29°755 
29°763 

Barom. 

Inches, 
.| 29-865 
.| 29-330 

Ther. 

619° 
69 

61 
67 

Weather. Six's. 

Fine 599° 
Cloudy 69 

Showery| 63% 

Showery ‘ 52 
Showery} 62% 

Clear ‘ 38 
Very fine| 50} 

Cloudy , 39% 
loudy 55S 

Cloudy - , 45% 
Cloudy 598 

Cloudy : 51g 
Bhonpy 634 

Rain - ‘ 56 
Cloudy 624 

Fine ‘ 554 
Very fine 682 

Very fine : 5S 
Veryfine) 714 

Clear : 585 
Hazy 70 

ait 572 
Fogsy , ¥ 
Cloudy 65 

Cloudy ‘ ae 
Rain 59 

Fine ‘ id 
Very fine| 60 

Showery t 403 
Cloudy 52 

Very fine : STk 
Vine 4g 

Clear i ay 
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Meteorological Observations continued. 

Month. | Time. | Barom.| Ther.| Hyg.| Wind. |Velocity.|Weather.|Six’s. 

Oct. Inches, Feet, 
Morn....} 29°674 49° 74° W Cloudy 38 

192 |Noon....| 29°588 50 65 SW Fine 52 
1 Byvet....) = — _ —_— —e 42 

Morn,...| 29°200 | 52 | 92 [?SW byS Rain , 
ao} Noon...,| 29°119 } — 88 SSW Rain 542 

Even...... — _ —_ — = 38 
Morn....| 29°042 | 39 82 | Nby W Showery : 

a Noon....| 29062 | 36 80 |NW by W Snow 393 
Even....) — —_— _— - _ 26 
Morn....| 29°962 31 88 W by N Snow f 

| Noon....} 29-960 40 69 WNW Cloudy 413 
Even — —_ — — _ : 341 
Morn....| 28°893 37 718 Ww Very fine a 

nf Noon....| 28°852 AT 68 WNW Cloudy 483 
Even . — — — _ _ ; 34 
Morn. ...| 28869 | 38 | 80 NW Very fine| § 244 

a Noon....}| 28°895 44 15 NNW Cloudy 44g 
Even....{ — — —{r— — t sos 
Morn....| 28°954 32 15 NW Cloudy 2 

252 |Noon....} 28°992 39 69 WNW Cloudy AQh 
, Even....| — | — — o — ‘ 34 

Morn....}| 29°120 |. 39 82 NNW Showery 
962 |Noon....| 29°180 AS 65 |NW by N Very fine| 45 

Even -- _ — — _— ‘ 30 
'|Morn,....} 29°353 33 13 N Very fine 

at Noon....| 29°330 | 41 70 | NEbyN Showery | 422 
Even....<j.) = — — — — 
Morn....| 29°328 | 35 | 71 | NEbyN Cloudy |$ 32 

at Noon....{ 29°317 45 65 | NEbyN Very fine| 45 
Even... _ _— — _— —_ ‘ 30 
Morn....| 29083 | 83 | 83 NE Foggy $ 

29< |Noon....| 29°030 39 81 NE Showery | 41 
Even ... _ —_ _ _ _ 361 
Morn....| 29°079 —_— 91 NE Rain Ey 

so} Noon....| 29°100 Al 93 NE Rain 4351 
Even....) = _ _ _ _ 398 
Morn....| 29°352 | 45 89 ENE Rain z 

31< |Noon....} 29°370 46 87 ENE Rain AT 

Even..... — — — == _ 

Rain, by the pluviameter, between noon the Ist of October 
and noon the Ist of November, 1°61 inch. Evaporation, during 
the same period, 228 inches. 

On Sunday the 17th, at nine in the evening, the northern 
lights were uncommonly vivid, and it was on the morning of 
that day the magnetical variation was so great. During the 
night of the 2Ist, a heavy fall of snow took place, accompanied 
by a violent wind ; the leaves being on the trees caused such an 
accumulation of weight, that for many miles round serious 
damage has been sustained. 
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ARTICLE XIII. 

METEOROLOGICAL TABLE. 

BaromMerTer,| THERMOMETER, Hygr. at, 

1819. Wind. | Max.| Min.| Max. | Min. | Evap. |Rain.| 9 a.m. 

i0th Mo. 
Oct. 1} S_ |29°85|29°76| 75 57 = 68 

QiS W/29'80|29'77| 71 57 — 81 
3| S  |29°80/29°63) 69 52 —_ 75 1|O 
41S  W/{29 98!29:63| 66 36 — 74 
5IN  W)30°12/29°98) 51 39°.) — 68 
6| W_ |30°17\50°01| 56 AQ 57 67 
7| W_ |30°09|30-00} 61 55 — 79 
| W _ |30:09/30:03| 67 57 _ 80 
9S — W/30°03}29°87| 67 55 —_ 76 

10'S Ej29-88|29 87| 77 54 — 73 
11} E_ |30°04|29°88| 77 47 40 75 |?) 
1215 W){30:04|30°02} 77 57 _ 79 
13/S_  _—_E/30:15/30'0g| 68 46 — 84 
14IN W/(30°33)30°15| 63 44, _— 78 
15\N __E|30°33/30°30; 62 39 — 78 
16|N W/(30-30)\30°22| 56 37 34 79 
17| N_ |30:28/30°22|} 49 34 — 69 
18} N_ |30°28/30°23| 56 26 _ 72 
19} W_ |30°23/29:76| 56 34 — 78 |@ 
20'S W/29°76/29°61| 58 40 — 83 
21IN W/{29°61/29°42| 42 30 — 74, 
22N W/|29:46/29'41} 43 32 — 81 
23) W_ |20°41|29'34| 51 30 38 80 
24/NN W/29°43/29°35| 48 34 a 69 
25IN W/)29:69)/29°43] 57 27 — 70 
26\N W/29-88|29:69) 47 22 — 85 |) 
27\N W1{29°87|29°84| 45 26 _ vw A 
28} N_ |29°84\29°68| 50 25 — 68 . 
29\IN __E|29°68\29'65| 43 35 _ 78 
30IN E/29°88|29°65| 48 42 _ 80 
31IN  E/29-90/2y°88] 48 45 25 98 

--—— |_— 

30°33'!29'34) 77 22 1°94 | 2°Q9/67—98 

The observations in each line of the table apply to a period of twenty-four 
hours, beginning at 9 A. M. on the day indicated in the first column, A dash 
denotes, that the result is included in the next following observation. 
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REMARKS. 

Tenth Month.—1. Cirrus, Cirrocumulus. 2. Cloudy. 3, 4. Cloudy: windy. 

5, An immense collection of swallows in the evening. 6—8. Overcast, 9—11. Fine, 

with the lighter modifications, 12. Foggy morning. The aurora borealis is said 

to have appeared at night. 16, This day the Cirrus cloud prevailed in an unusual 

manner, increasing in density until the oblique depending tufts showed dark against 

a completely overcast sky above: the direction of these tufts was towards the 

west, 17, Fine: aurora borealis inthe evening. (This was observed at Totten- 

ham by my friend William Phillips.) 18. The first hoar-frost: the tender garden 
“plants, as kidney beans, &c. killed. 19. Overcast, 20. Drizzling, p.m. 21. After 

rain anda little sleet, it began to snow about noon, falling in very large flakes, thick 

and rapidly for an hour, and covering the ground: some rain followed. In the 

evening the wind rose, and it blew hard in ive night from about NNW. At mid- 

night came on a second heavy fall of snow, which continued till six, a, m. the 22d ; 

and though at first much of it melted, it lay in the morning full three inches deep. 

‘This day, of course, presented the appearance of mid-winter, with the single excep- 

tion of the foliage still remaining on the trees, which, mingled with an enormous 

burden of snow, presented a very singular and grotesque appearance. Thesome- 

- what moist state of the snow (as happens also when it falls late in the spring) 

caused it to be very adhesive, and the frost cementing the masses, the very walls 

and fences remained thickly coated for some hours; while that on the trunks of 

trees indicated with precision the quarter from whence it came. Much damage was 

done, by the breaking down of large limbs from fruit and forest trees in all direc- 

tions. 23. Snow remained in places the whole of the day ; notwithstanding which 

I observed swallows about at Stamford Hill. 24. A very white frost this morning: 

temp. 31° at eight, a, m. at Tottenham: day windy, bleak, cloudy. 27, 28, Hoar 

frost. 30, 31, Rainy. 

RESULTS. 

Winds: N,3; NE, 4; E,1; SE, 2; 8,2; SW,5; W,5; NW, 9. 

Barometer; Mean height 

For themonth. Qi...) 00bues sci veesecevcres: fese.s 29-862 inches, 
For the lunar period, ending the lOth, ............ 30°004 

For 13 days, etding the 2d (moon south) ......... 29°933 

For 4 days, ending the 16th (moon north) ...... 30-003 

For 13 days, ending the 29th (moon south),....... 29°732 

Thermometer: Mean height 

For the-month, 522. 5....i6. <ionrte dare Wee eiad bios «0 BRA UU 

For the lunar period (as above) ....2--.+-se04 --- 59 

For 31 days, the sun in Libra... ....-seeeseeeeee- S434 

Hygrometer: Mean for the month . .......2.seeqerescceeeeeeces 16 

gap Oceaen ces. co Ween eee bed Pain etatae eeseeoee 1°94 inches, 

2°09 Bagi os perntses peten ae Bid Seino tie Rianne 4 a a eae bain hols sy eehvoiaea 

pBY BSCCOUUAPUACC: |, ce uains ghinuecshbinle cle sbinc.on ste aecssam eminem re LO 

Stratford, Eleventh Month, 20, 1819. L. HOWARD, 

4 
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Adams, J. Esq. on the values of the 

radii of curvature of the elliptic arc 
of a spheroid, 116. 

Adams, Mr. mathematical problem, by, 

392. 
Alloy of platinum and lead, 229, 470. 
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Kuhl, Mr. sent to explore the natural 
history of the Moluccas, 75. 

~ i. 
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