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TEXT-BOOKS OF ANATOMY

Handbuch der Vergleichenden Anhtomie. Leitfaden bei
Zoologischen und Zootomischen Vorlesungen. By Prof.
E. Oscar Schmidt. Eighth edition, pp. 327. (Jena,
1882.)

Lehrbuch der Vergleichenden Anatomic der Wirbelthiere
auf Grundlage der Entwickelungsgeschickte. By Prof.
Rt. Wiedersheim, First part, pp. 476. (Jena, 1882.)
T is now thirty-three years ago since Oscar Schmidt,

then a young Privat Docent, published the first
* edition of his “ Handbook of Comparative Anatomy” as

a guide to his course of lectures. Successive generations
of students have called for successive editions, until in
the present year the author is in the enviable position of
issuing the eighth edition of his Handbook, and he ha$
added to its value by now for the first time illustrating it
with upwards of 100 well executed woodcuts. It would
be out of place, and indeed quite unnecessary, to enter
into a detailed criticism of a work, so well known as the
present, and which has obviously supplied a want felt by
so many students. As regards the general motive of the
book we may say that it presents an outline of the com-
parative anatomy both of the Invertebrata and Vertebrata,
written in a clear style and methodically arranged.

He classifies animals into eight groups: Protista and
Protozoa, Ccelenterata, Echinodermata, Vermes, Arthro-
poda, Mollusca, Tunicata, Vertebrata. This classifica-
tion will scarcely commend itself to the more ardent
members of that school of zoologists, which bases taxo-
nomy on embryology ; and which considers no system of
classification is of value unless it expresses the path that
has been taken by animals in the course of their evolu-
tion. By these zoologists Prof. Schmidt's system will
without doubt be regarded as old-fashioned. But it has
the merit of simplicity, and this from the student’s point
of view is no slight recommendation. Moreover, taxo-
nomic systems, more especially of the Invertebrata,
based on supposed phylogenic relations, are as yet mere
speculations. They have their value, no doubt, as group-
ing together certain ascertained facts, and as suggesting
new directions for investigation, But they are in the
main quite hypothetical, and without such fixity of know-
ledge as will give them permanent value.

There is one point in the classification of the Mammalia
followed by Prof. Schmidt, to which we must take very
decided exception. We refer to the adoption of the
placenta as a dominant character in the subdivision of
the Monodelphia. Milne-Edwards, Huxley, Haeckel,
and Carus have all undoubtedly attached much import-
ance to this organ in taxonomy, but from the fuller know-
ledge that we now possess, both of its form in various
mammals and of the mode in which it is shed during
parturition, it is clear that its characters are not of such
primary value as to outweigh, in framing a system of
classification, those furnished by the other organic sys-
tems. In placing the Prosimii (/albaffen) amongst the
Deciduata, Schmidt has committed a similar error to that
into which Haeckel has also fallen. For the Lemurs,
whose placentation has been carefully studied both by
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Alphonse Milne-Edwards in Paris and by W. Turner in
Edinburgh, are unquestionably as adeciduale as a mare,
a pig, or a whale, In the lemurs, as in thesz animals,
the villi are diffused over the greater part of the sur-
face of the chorion, and the sac of the allantois is
relatively large. The evidence, therefore, is altogether
opposed to retaining them in the position in which
Schmidt has placed them amongst the deciduata, Again,
he ranks the Edentata in the Adeciduata, but there is no
uniformity in the character of the placenta in this order
of mammals, In Manis undoubtedly it is non-deciduate
and diffused ; in Orycteropus it is broadly zonular ; whilst
in the Sloths it is deciduate and composed of numerous
discoid lobes.

Prof. Wiedersheim’s Lehrbuch differs from that of Prof.
Schmidt in being limited to the comparative anatomy of
the Vertebrata. It is a new candidate for public favour,
and as yet only the first part has been published. In this
part, after a short general introduction, the author treats
in succession of the integument, skeleton, muscular, and
nervous systems, including the organs of sense and
electrical apparatus of the several classes of vertebrates.
The modifications in the form and arrangement of the
different systems are examined, therefore, rather in their
anatomico-physiological than in their zoological aspects.
By limiting himself to one only of the great divisions of
the animal kingdom, the author has been enabled, within
the compass of a volume of moderate size, to enter much
more fully into the consideration of the several systems
than was possible in Prof. Schmidt’s treatise, and he has
produced a work which, when completed, will be of
service to those students who desire a fuller acquaintance
with the details of vertebrate structure. For students of
Human Anatomy this book will have a special interest,
as the subject is treated so as to throw great light on the
modifications of structure met with in other vertebrates
when compared with man. The author indeed appears
to have had in his mind, in planning out the work, the
needs of students of medicine ; and he has been desirous
of giving to their anatomical training a wider and more
philosophic range than it frequently possesses, The
teaching of anatomy in our medical schools is unfor-
tunately too much entrusted to men whose main object in
life is the practice of surgery, and who follow anatomy
for a time merely as a training for that practice. It
becomes therefore in their hands a dry specialty. The
varied and complex structures of the human body are
regarded almost exclusively as parts which are liable to
disease and injury, and which may require surgical inter-
ference, whilst the marvellous beauty of their physio-
logical and morphological relations is ignored. When
human anatomy is taught from a scientific, and not from
a mechanical point of view, it becomes a medium for the
exposition of the great facts and principles of develop-
ment and morphology, and its value as an educational
instrument is enormously increased.

We can recommend Prof. Wiedersheim’s “ Lehrbuch,”
both to students of medicine and to their anatomical
teachers, as a work in which they will find a clear and
concisely written description of the great facts of verte-
brate structure ; by the perusal of which much that may
seem obscure in the construction of the human body will
be illuminated, and great additional interest will be im-
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parted to their studies. The book is copiously illustrated
with well executed woodcuts, most of which are original,
and have been specially prepared for the purpose.

LETTERS TO THE EDITOR

[Zhe Editor does not hold himself responsible for opinions expressed
by his correspondents,  Neither can he undertake to return,
or fto corvespond with the writers of, rejected manuscripts,
No notice is taken of anonymous communications,

[ Zhe Editor urgently requests corvespondents to keep their letters
as short as possible,  The pressure on his space is so great
that it is impossible otherwise lo ensure the appearance even
of communications containing inleresting and novel facts.]

School Museums

IN the new instructions to inspectors as to the application of
the New Code to Elementary Schools, it is stated that a
Museum will be required in a school in order to make a school
‘“excellent” under the ““ merit " clause.

I would suggest to your readers that here is an excellent oppor-
tunity for their employing the scientific knowledge they possess
in promoting the study of nature in a very simple and easy
manner, Let them offer first to instruct and intere-t teachers
and pupil teachers in some one branch of knowledge—let it be
botany, geology, or entomology. Let them show the teachers
how to collect and press, say a dozen plants, help them to classif
and nawe them, both in English and I atin, and let them teac{
say to the First Standard, what they know on the subject,
making the children bring each plant after it has been thown,
Even in town schools there will be some country friend who
could send up two or three specimens every week in the spring
and summer,

I would suggest that the discarded child school books will
make herbaria, and convenient books for catalogue: of speci-
mens,

For a geological museum a small cupboard with, say in this
neighbourhood, seven shelves, would hold two specimens from
each of our prominent strata, Lower, Middle, and Upper Lias,
the Midford, or as Mr, Witchell, of Stroud, wants to call them,
the Cotteswold Sands, the Inferior Oolite, Fuller’s Earth, and
Great Oolite, all of which can be seen from this parish if the
two higher beds are not actually in it. On theinside of the cup-
board doors might be put, boldly co'oured, sections of the strata,
Geologists might greatly help in seeing that the names of the
strata and specimens were correctly given and pronouncad, and
a catalogue written out,  And if prizes were given to promote
even the most elementary knowledge in teachers and scholars,
much would be done to make *‘science subjects” interesting and
useful,

I would sugge-t that natural history societies and field clubs
should take this in hand in their own neighbourhoods, and hy
the expenditure of a very small :um of money start a natural
history museum in every schoil, A, SHAW PAGE

Selsley Vicarage, Gloucestershire, August 17

Two Kinds of Stamens with Different Functions in the
same Flower

IN NATURE, vol. xxiv, p. 307 is a very interesting letter on
this subject, in which while the functiaps performed by the two
kinds of stamens are very clearly indicated, the modus operandi
of fertilisation, it appears to me, is less clearly expressed, 1
have witnessed in many instances the visitation by various species
of large Hymenoptera, such as Xylocopa and Bombus, of species
especially of the genus Melastoma, possessing stamens in all
poin's corresponding to that occurring in the Zeeria described
in the letter referred to and what takes place seems to be as
follows, The large bees eviden!lg make for the yellow platform
offered by the short stamens, perhaps because they do not per-
ceive the pistil and long stamens owing to their projection against
the broad petaled corolla of the same colour in the background,
and invariably receive the pistil between their legs, their feet
settling on the fork of the cornective, the instant effect of which
is to collect the whole of the long stamens into a bunch, and to
depress their anthers downwards and away from the body of the
visiting bee, while the pistil remains in constant contact with its
ventral side, At the moment of the bee’s Ceparture the hooks
on the bee's feet by pulling on the connective fork raise the

anthers of the long stamens, so as to bring the tips of the col-
lected bunch into contact with its sides and abdomen, Dr,
Miiller’s statement *‘by moving the connective fork of the
larger ones” is somewhat ambiguous ; for it is movement only
in one direction that is of avail in raising the anthers of the
larger stamens, pressure at the connective hook of course tends
to depress the anthers and keep them apart from the bee's
abdomen while a very slight backward pull at once raises the
anther,

In various obrervations and discussions arising out of this
letter, both Dr, Burck (the assistant director of the Botanical
Gardens in Buitenzorg) and myself were able to observe a fact
of considerable importance that there was, at any rate in those
species examined by us, a great difference in the pollen of the
two kinds of anthers, The pollen from the short :tamens was
large and three-cornered, while that of the longer ones was very
much smaller and of a more oval shape; and while both forms
were found on the pistil, only the pollen from the long stamens
seemed to be fertile, We could not detect any of the short
stamened pollen with tubes ejected. HENRY O, FORBES

Wai, Amboina, May

Habit of Spiders

I HAVE frequently observed that when a shock of any kind is
imparted Lo the leaves or twigs, to which the web of the garden
spider is affixed, the animal shakes violently in the centre of the
web, so as to become almost or totally invitible to the eye;
this %nivering or dancing motion being kept up for many
seconds, and then suddenly stopped, The same thing occurs, [
have noticed, when a stick is presented suddenly to the occupant
of the web, The reason for tgese movements, which appear to
be effected by the spider in succession pulling the upper portion
of the web downwards by means of his strong hindermost pair
of legs, and then suddenly releasing it (the natural elasticity of
the web greatly assisting the occupier in the execution of these
movements), seems to be founded upon a desire on the part of
the spider to effect concealment when it feels that danger is near ;
just as we notice gnats and crane-flies dance rapidly up and
down, evidently with the desire of rendering themselves invisible,
whilst at rest on the window pane, trusting no doubt to their
speedy flight and general invisibility for protection when on the
wing. FRANK ], ROWBOTHAM

42, Loftus Road, Shepherds Bush, W., August 21

Messrs, McAlpine’s Atlases

I pDOUBT not but you will grant me the privilege of replying to
the remarks made by Prof. Parker under the above hcndying in
your last issue, and fortunately in doing so I will not require to
trespass much upon your valuable space. The letter deals first
with myself personally, then with the Atlases.

With regard to his reference to my student history, it may
suffice to say that I had no connection with the iy}iological
Laboratory at South Kensington seme three or four years ago.
I studied at the Royal School of Mines from 1872 to 1875,
spending Session 1874-75 in the Biological Laboratory ; but as
to the alleged copying of diagrams of type dissections, how, I
ak, was this possible when, as far as known to me, such
drawings were not in existence,

Again, his statement as to my having presented myself for
examination in the two following years, appearing each time a

lace or two lower in the second class is equally destitute of
act. I was re-examined in 1876 and 1878, but instead of
appearing either higher or lower in the second class, 1 invariably
stood at the bottom of it.

I need not dwell furiher upon a personal matter, and it will
not be necessary, after the above explanation, to say much about
the Atlases. The opinions expressed with regard to my work it
is not for me to call in question, but will simply content myself
with saying that it has been favourably commented on by
journals—scientific and medical, at hcme and in the colonies—

| only one of which I quote. Prof, Parker :Feaks of my work as
y

being “‘ of the most inaccurate and slovenly description,” while

 the Canadian Yournal of Medical Science says : *‘ The truthful-

ness, accuracy, and neatness which mark each of its pages
compel us to speck in very high terms of this book.”
Polwarth Gardens, Edinburgh, July 31 D. MCALPINE

ORANGE CULTURE IN FLORIDA.—A correspondent inquires
for the best work on this subject ; perhaps some of our readers
may be able to answer.
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THE “EIRA” EXPEDITION

FTER the horrors of the Jeannette expedition, every
- one will be relieved to learn that on Sunday Mr.
Leigh Smith and all his men were safely landed at
Aberdeen in the #ope, under the care of Sir Allen Young.
Sir Allen has not been long in attaining the object for
which he set out, althouzh the safety of the £ira expedi-
tion would have been secured, even had no help been
sent from England, for when they reached Matotschkin
Schar, they found both the Willem Barents and a
Russian vessel. The scientific results of the expedition,
we regret to say, are almost 77/,

On June 14, 1881, the Zira left Peterhead. The ice
reached very far south, and no opening could be found
to enable her to get north until the middle of July. Franz
Josef’s Land was reached on July 23, and the /Z7ra steamed
along the coast to within fifteen miles of Cape Ludlow.
The ice was closely packed to the north, so it was de-
cided to return to Gray Bay and wait till a more favour-
able opportunity should present itself to proceed. On
August 7 the Zira was made fast to the land-floe near
Bell Island, and a storehouse was erected of materials
taken out in the ship. On August 15 she left Bell
Island, and, being unable to pass to the eastward of
Barents Hook, she was made fast to the land-floe off
Cape Flora. The next few days were spent in collecting
plants and fossils, which unfortunately were lost with the
vessel. On August 21 the Z7ra was heavily nipped by
the ice, and about 10 a.m.a leak was discovered, and
barely two hours elapsed till the vessel had to be
abandoned. All the boats were saved, and most of the
men saved some clothes and bedding.

The tent was ultimately erected on Cape Flora,and here
the expedition spent the winter, making the best of their
circumstances, But little food had been saved, and the
party had therefore to keep a sharp look out for wal-
ruses, bears, and other native game, on which they lived,
and on which, along with a daily drop of rum, they main-
tained their health, according to the report of the surgeon.
There were one or two cases of illness, but no trace of
scurvy, though 70° of frost were at times experienced. In
June the ice was cleared away, and on the 21st four boats
were started from Cape Flora, with twenty-five men and
?rovisions for six months, The Z7#»a men were more
ortunate than the discoverers of Franz Josef Land in
their escape ; for although they had sometimes to drag
their boats over the ice, they reached Novaya Zemlya, at
Matotschkin Schar, on August 2. Next day they were
sighted by the William Barents, and as Sir A{lcn Young,
in the Aope, was only a mile away, Mr. Leigh Smith and
his men were soon welcomed on board the steamer sent
to rescue them.

When Mr. Smith publishes his detailed narrative, we
may find that he has been able to make some addition to
a knowledge of the geography and natural history of the
region where he has wintered, though we fear it cannot
be much, All his collections went down with the £#ra,
so that science cannot be a great gainer by his expedition,
Until details are to hand, it is impossible to say whether
the catastrophe to the vessel could have been avoided, or
whether it was one of those accidents for which all Arctic
explorers must be prepared. The ice seems to have been
in motion very early this year for that region, and we know
that it has come down unusually far south ; any informa-
tion concerning the movements of the ice in high lati-
tudes during the past spring and summer would be
welcome,

The following is an interesting extract from the journal
report upon Cape Flora (obtained by the Z7mes Aberdeen
Correspondent), giving an account of the birds; bears,
and walrus seen during the winter spent there :—

“On July 25, 1881, we reached Gray Bay, at Cape
Grant and Cape Crowther. There are large loomeries a
short distance up the bay on the water side. Many

rotgees had their young among the basaltic colum s of
the lofty cliffs. Other birds were also seen, including the
snow bird, the molly, the boatswain, the Arctic lern, dove-
kies, the eider duck, the burgomaster, and the kittiwake.
At the east side, near the head of Gray Bay, there were a
good number of snow birds and dovekies building, but
too high up for one to obtain the eggs. At Cape Stephen
there was a large loomery, and at Cape Forbes there
were a few looms, a good number of rotgees and dove-
kies, and some snow birds. At Bell Island the same
species of birds were seen, and on the south side there
was a large loomery and nests of kittiwakes, dovekies,
rotgees, snow birds, and burgomasters. Rein-geese and
brent-geese were seen and shot on the cliffs 700 feet high,
but no nests were seen. At Cape Flora there was
a very large loomery, and also many rotgees, dovekies,
kittiwakes, and snow birds. On the lowland several snow
buntings and sandlings were seen, but no nests were
found. The looms lay their eggs on the bare rock, and
the dovekies and rotgees lay them in the crevices of the
rocks. The kittiwake makes a nest of mud and moss.
The snow bird makes a rudimentary nest of moss and
feathers, but of no definite shape. Each species seems
to occupy a separate part of the cliff. The rotgees and
dovekies left about the first week in September. Looms
were very scarce after September 10. On September 22
a few burgomasters, snow-birds, mollies, kittiwakes, eider
ducks, and brent-geese were seen, but getting very scarce.
One or two snow buntings still remained on the land on
October 13, Three or four snow birds, and occasionally
a burgomaster or molly were seen hovering around out-
side the hut which had been erected, and on October 28,
while we were killing some walrus, two snow birds, two
or three mollies, and burgomasters were seen, and re-
mained for two or three days eating the refuse of the
carcases. On February 8 a snow owl was seen. This
was the first bird to arrive. On February 18 two or three
flocks of dovekies were seen following to the north-west,
and on the 2oth there were a great number seen in the
water. On March 2 a lane of water was made close to
the land-floe, and it was filled with rotgees and dovekies.
On March 9 the first loom was seen, but it was not until
the end of March that they began to settle on the rocks,
and then they would only stop on the cliffs for a few
hours and go away for four or five days. We were not
able to get up the hill to shoot any until April 16, On
April 20 the first snow bird was seen. A falcon hawk
appeared on April 22, on which day two burgomasters
were also seen. On April 24 the molly was seen, On
May 6 the kittiwakes came. It was not until about June
10 that the looms remained on the rocks for more than
two or three days at a time, but after that date the females
began to take their places ready for laying the eggs, and
on June 20 three eggs were obtained. Foxes were con-
stantly troubling us during the winter, coming right up to
the door after blubber, and would only run a few yards
away when anybody went out to drive them off. We
were obliged to shoot some at last as they became almost
tame. Bears were more numerous while we had the
water close outside the land ice. They would come
walking along the edge of the land ice, and when they
got scent of the house would walk right up to it. During
the dark we killed four or five every month, except
November, but we saw on an average two a week., One
moonlight night in November there were five or six bears
within 400 yards of the house, but we could not get a shot
at any of them unless we kept very still until the bear
came up tothe house. We never shot a female bear from
October to March 13. This is animportantfact, They were
always very large male bears. Several times on examining
the contents of the stomach we found them full of nothing
but grass; but in the spring they generally had been
feeding on seals, and more than once we obtained a good
bucketful of oil for cooking purposes out of the bear’s
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stomach. Once a bear had eaten a large piece of greasy
canvas which had been thrown away and had been blown
some 200 or 300 yards from the house. He then came
up to the house and commenced to eat our blubber, but
was immediately shot. On February 20 a bear was seen
about 350 feet above the hill at the back of the house.
Some hands went up with a rifle and found that the bear
had a hole there, out of which they could not get it
—fortunately for them, as they had only one rifle
with them, and that would not go off, the lock having
been frozen. We never saw any young bear with it. The
last time the bear was seen at its hole was on March 1.
No track of a bear could be traced up the hill, but the
foot-marks of an old bear and a cub were seen on the low
land, about 300 yards to the eastward of the house. No
old she-bears with young cubs were seen before we left
the land in June. In July, 1881, on nearing Cape
Crowther, walrus were seen lying on loose pieces of ice in
great numbers. Sometimes twenty or more were counted
huddled up in a heap on a small piece of ice. By going
quietly in a boat you could get within twenty or thirty
yards of thein before they took much notice of you, but
after the first shot was fired they tumbled into the water,
and would go swimming about and barking round the
boat, but never attacked us. In September they were
very numerous on the loose ice round Bell Island, and
also in the water off Cape Flora. On October 28 five
were shot lying on the ice edge. When the daylight re-
turned in February, walrus were constantly seen swimming
about in the water. A land floe began to form in March,
and no water remained within seven or eight miles of the
land, but frequently on looking with the glass from the
hill, walrus could be seen in the water, and on June 13
the land ice broke away, and on June 15 the five walrus
were shot, A boat that went over to Bell Island reported
that walrus were lying in scores on the loose ice round
about Bell Island, Mr. Leigh Smith thinks that the
walrus leave the country during the winter, but seem to
remain in the water, especially if it is shallow. They
never saw any signs of their taking the land and lying up
for the winter, White whales and narwhal were seen in
great numbers in September and October travelling to
the south-east, and in June one or two large shoals were
seen travelling west and west-north-west.”

PROFESSOR HAECKEL IN CEYLON®
IV,
ROF, HAECKEL, in describing his first impression of
Galle, does not fail to mention as one of its principal
features the long lines of shady Suriya trees and flowering
Hibiscus, planted by the Dutch, and giving the streets
the appearance of a garden., He says nothing, however,
of a plague produced by the Suriya, and noted by other
travellers, namely, the hairy green caterpillar, which
frequents it in great numbers. At a certain stage of its
growth it drops to the ground, and there hides in order to
pass through its metamorphosis. When, as often happens,
it alights on some passer-by, it<inflicts a sting more
ze;']ere and far more lasting than that of a nettle or star-
sh.

The professor found himself, as might have been
expected, a welcome guest to all the cultivated and
wealthy merchants of Galle, The few days of his stay
there were passed at Queens-House, formerly the official
residence of the Governor, now the progert of Messrs.
Clark, Spence and Co., by whose present head, Mr. Henry
Scott, Prof. Haeckel was hospitably entertained, every
facility being afforded him for the prosecution of his
studies,. Among the English residents to whom Prof.
Haeckel brought letters, and who vied with each other in
making his visit to Galle both profitable and agreeable, he
makes special mention of Capt, Blyth and Capt. Bayley.

* Continued from page 377.

The Villa Marina of the latter gentleman is one of the
most charming spots in the neighbourhood of Galle.
Built upon a rock jutting far out into the sea, but thickly
grown with screw pines, it commands a lovely view of
the town and harbour, with a picturesque foreground of
rugged black rocks, which serve to enhance the beauty of
t\}xe fairy-like tropical garden immediately surrounding the
illa.

“ Among the many charms of this garden I was parti-
cularly interested to find several beautiful examples of the
Egyptian Dhum-palm (Hyphane thebaica). The stem of
this palm does not, like others of the same family, consist
of a slender column, but has forked branches, like the
Dragon trees, or Dracaena ; each limb carries a crown
of feather-shaded leaves, I had first seen this remark-
able palm in the Arabian village of Tur, at the foot of
Mount Sinai, and I gave a description of it in my work
on ‘Arabian Corals.” Great, therefore, was my surprise
at finding it here in so altered a dress that I should
scarcely have recognised it. The process of adaptation
to its altered conditions of existence had completely
transformed the tree. The stem was at least twice as
large and strong as that of the Egyptian Dhum Palm;
the forked branches were more numerous, shorter, and
closer together; the huge, feathery leaves were much
larger, more luxuriant, and thicker, and the flowers and
fruit appeared, as far as my memory served, to have
gained in size and beauty.

“In fact every part of the tree had been so modified by
the forcing climate of Ceylon that its inherited charac-
teristics seemed in great measure to have disappeared.
This magnificent tree had been sown from Egyptian
seed, and in twenty years had reached a height of thirty
feet. s ..

“Capt. Bayley’s charming villa, the Miramare of Galle,
is as interesting to the zoologist as to the botanical
student, A miniature menagerie constructed in the
court-yard contains many curious mammalia and birds,
as for example, an ostrich from New Holland, several
owls and parrots, and a native ant-eater (#Manis). This
last, together with some curious fish, Capt. Bayley was so
kind as to present to me ; and later on, at Belligemma, he
sent me a Christmas present of a pair of interesting Loris
(Stenops).

““ But more attractive to me than even these curious
animals was the splendid coral which covered the sur-
rounding rocks; even the little harbour in which the
Captain moored his boat and the stone jetty which formed
the landing-place were profusely covered with it, and a
few hours sufficed to secure valuable additions to my col-
lection of corals. A large projortion of the animal life
inhabiting the extensive coral banks of Galle is here to
be found, as it were, epitomised; gigantic black sea-
urchins and red star-fish, numerous crabs and fishes,
bright-coloured snails and mussels, and curious marine
reptiles of many kinds swarmed on the coral branches
and crept from between their crevices. No better or
more convenient spot could be found for the establish-
ment of a zoological station than Captain Bayley’s villa,
which, as it so happens, his approaching removal to
Colombo renders him willing to dispose of.”

Once landed on a coral reef, Prof. Haeckel finds him-
self at the goal of his desires, and his account of the sub-
marine coral banks which to a great extent block the
entrance to the harbour of Galle is too interesting not to
be given at length. He regrets at the outset that he
could only devote days instead of weeks to their examina-
tion. ““In this respect, the Viennese artist, Ransonnet,
was more fortunate. Possessed of every necessary appli-
ance, including a diving-bell, he was able to devote
several weeks to the inspection of the coral banks of
Galle, and has given a minute description of them in his
illustrated work on Ceylon (Braunschweig, Westermann,
1868). Four coloured plates, for which he made the
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sketches under water in his diving-bell, give a striking
representation of the coral insect ““in his habit as he
lives”” For my own part, it is nine years since, in the
spring of 1873 I visited the coral banks of Tur at the foot
of Sinai, and there first became acquainted with the
wonderful manifestations of life in this submarine fairy
land. My interest was roused to the highest pitch, and I
endeavoured, in my popular treatise on ““ Arabian Corals”
(Berlin, 1876), briefly to describe the organisation of these
curious animals and their mode of life in common with
that of various other creatures. The corals of Ceylon as
I studied them at Galle, and afterwards in more detail at
Belligemma, recalled pleasant memories and enriched
my mind with a store of fresh observations.”

“The marine fauna of Ceylon is indeed closely related to
that of the Arabian shore of the Red Sea, the two having
many genera and species in common. But in number
and variety of forms of life, the extensive bay of the
Indian Ocean with its varied coast formation is far richer
than the confined Arabian Gulf where the conditions of
life are simpler and more uniform, and I found consider-
able variations underlying the apparently similar physiog-
nomy of the coral banks in the two districts. Those of
Tur were chiefly characterised by warm tones, such as
yellow, orange, or red, while the coral groves of Ceylon
displayed little but green in every variety of shade.
Yellow green Alcyonaria alternated with sea-green
Heteropora, malachite green Anthophylla with olive-
green Millepora, emerald green Madrapora and Astraea
with brown-green Montipora and M:andrina, Ran-
sonnet has justly remarked on the predominance of green
throughout the island of Ceylon. Not only is this ‘ever-
green isle’ decked the whole year through with verdure
that never fades, but even the animals that inhabit it are
for the most part green in colour. The most frequently
occurring birds and lizards, butterflies and beetles, are of
a brilliant green hue : so also are many of the fishes and
crabs, Amphinoma and Actinia; even animals which
elsewhere are seldom or never green, here don the prevail-
ing livery ; such are star-fish (Ophiuride), sea-urchins, sea-
cucumbers, giant-mussels ( 772dacna), and many others.
The explanation of this remarkable phenomenon must he
sought for in the Darwinian theory of development,
especially in the law of adaptation as applied to the
‘sympathetic selection of colour,” which I have demon-
strated in my ‘Natural History of Creation’ (seventh
edition, p. 235). The less the colour of an animal differs
from that of its surroundings, the less likely it is to attract
the attention of its enemies; it is better able also to
approach its prey unobserved, and its chances in the
struggle for existence are thereby indefinitely increased.”

“ Natural selection will strengthen the resemblance in
colour between animals and their surroundings, as being
of advantage to the former. The coral banks of Ceylon,
with their inhabitants, afford as good an illustration of
this theory as the animals dwelling in the woods and
thickets of the island, and in purity and brilliancy of
colour the former have a distinct advantage. It would
be a great mistake to imagine that an effect of monotony
resulted from this tendency to uniformity of colour. On
the contrary, the eye is never tired of admiring the mani-
fold combinations and modifications which occur, and
which are heightened by the not infrequent juxtaposition
of other colours. Just as the brilliant hues, red, yellow,
or blue of many of the birds and insects of Ceylon
heighten the effect of the dark green foliage, so the coral
banks gain in beauty from contrast with the many-
coloureg marine animals which frequent them. Such
are delicately variegated little crabs and fishes which seek
their food among the coral branches. Many of the
corals themselves are of gay and pleasing colours, e.g.
rose-red Procilloporza, red or yellow star coral, violet and
brown Heteroporz, and Madrepora, &c. Unfortunately,
these lovely colours are for the most part very fugitive,

and disappear after a short exposure to the air. The
cilia and bright tentacula of the sensitive polypi are with-
drawn and concealed the instant the coral is disturbed,
and the whole becomes dull and colourless.”

“The eye which has been charmed by the brilliant
hues of the coral grove and its inhabitants is held spell-
bound by the beauty and variety of form revealed by
these animals. Each individual coral may well be com-
pared to a flower and each group of coral branches to a
plant, a tree, or a bush. Indeed, the belief that coral
was a vegetable growth was formerly universal, and it
was long before the idea of its animal origin gained
general acceptance. An entrancing and truly fairy-like
view of these marvellous coral banks may be had from a
boat during ebb tide, when the sea is calm, In the im-
mediate neighbourhood of the fort of Galle the water is
crystal clear, and so shallow that the keel of the boat
sometimes grates against the coral, and the outlines of
the branches can be distinguished even from the walls of
the fort above. A great variety of the most beautiful and
remarkable polypi are here comprised within a very small
space, and before many days were over I had amassed a
large collection.”

*“Mr. Scott's garden, which he had kindly placed at my
disposal for drying purposes, presented a very remarkable
appearance during the days of my stay at Queen’s House.
The lovely tropical plants seemed to be competing for
the prize of beauty with the strange marine creatures
which had usurped their domain, and the delighted natu-
ralist wandcrecF up and down feasting his eyes now on
the one and now on the other, uncertain as to which
should carry off the palm. It was impossible not to be
struck by the similarity in form between the polypi and
many of the garden plants; and the orchids and spice
lilies were, in their turn, hardly distinguishable from
insects. It was as though the two great kingdoms of the
organic world intimated their desire to change places.”

“ The majority of the coral which I collected in Galle
and afterwards in Belligemma was obtained by divers.
These I found quite as skilful and enduring as the Arabian
divers I had employed nine years before at Tur. Armed
with an iron stake they loosened large blocks of coral
from their foundation, and raised them with great dex-
terity into the boat. Many of the blocks weighed from
50 to 8o pounds, and it cost no little trouble and care to
deposit them safely. Some of the most beautiful varie-
ties are so brittle, that they break with their own weight
when taken out of the water, and cannot by any possi-
bility be preserved entire,”

“The tull beauty of the coral banks cannot be seen from
above, even though the water be so shallow that the points
of coral scrape the keel of the boat. Not possessing a
diving-bell, I learnt with a little practice to swim to the
bottom with my eyes open, and most marvellous were then
the effects of the mystic ﬁrecn light in which the submarine
world was bathed, so different from the rosy light of the
upper air. The forms and movements of the swarms of
animals peopling the coral banks were doubly curious and
interesting thus seen.”

“ A multitude of curious fishes, crabs, snails, mussels,
star-fish, &c., feed on the coral insect, upon which they
make their dwelling, and these coral eaters—which may
be classed among parasites—have acquired the most
abnormal forms and weapons of defence and aggression,
in the course of their adaptation to their peculiar mode of
life. But not without risk does the naturalist venture
among the coral groves. The Oceanida®, guardians of
the treasures of the deep, warn off the rash intruder in a
thousand ways. The fire-coral (Millepora) and the
Medusa swimming among them burn, when touched, like
the worst of stinging nettles. and the floating stings of
many Synanceia are as painful and dangerous as those of
the scorpion. Then the nip of crabs, large and small, is
a peril by no means to be despised. Black sea-urchins
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(Diadema) bore their long barbed stings into the flesh of
the foot, where they break off and remain, inflicting pain-
ful and dangerous wounds, But the worst of all injuries
to the skin are inflicted by the coral rocks themselves,
The myriads of hard points and edges with which they
are armed inflict numberless wounds on the hands which
attempt to uproot them.”

“1 never in my life had such a lacerated and smarting
skin as after a few days diving and coral fishing at the
Point de Galle. The wounds did not heal for several
weeks. But what were such temporary sufferings as these
in comparison with the wealth of new impressions and
delights with which this visit to the wonderful coral-banks
of Ceylon enriched my whole future life !”

THE BRITISH ASSOCIATION

THE fifty-second annual meeting of the British Asso-
ciation was opened yesterday at Southampton,
when Sir John Lubbock resigned the presidency to Dr.
C. W. Siemens, F.R.S,, the president-elect. We have
already given such full details concerning the arrange-
ments, that at this stage little more remains to be said.
All the provisions made by the local committee appear
to be quite satisfactory,and although we cannot expect
the attendance to be so large as at the Jubilee last year,
still some eminent foreign men of science are expected—
Helmholtz, Clausius, Du Bois Reymond, J. P. Cook,
Langley, Von Rath, Baumhauer, and others.

INAUGURAL ADDRESS BY C., WiLLiaM Siemens, D.C.L.
(Oxon), LL.D. (Grasc, AnND DusL.), PH.D., F.R.S,,
F.C.S., MeEmBeRr INsT, C.E,, PRESIDENT

IN venturing to addre:s the British Association from this
chair, I feel that T have taken upon myself a task involving very
serious responsibility,  The Association has for half a century
fulfilled the important mission of drawing together, once every
year, scientists from all parts of the country for the purpose of
discussing questions of mutual interest, and of cultivating those
personal relations which aid so powerfully in harmonising views,
and in stimulating concerted action for the advancement of
science,

A sad event casts a shadow over our gathering. While still
mourning the irreparable loss Science had sustained in the

erson of Charles Darwin, whose bold conceptions, patient
abour, and genial mind made him almost a type of unsurpassed
excellence, telegraphic news reached Cambridge just a month
ago, to the effect that our Honorary Secretary, Professor F, M,
Balfour, had lost his life during an attempted ascent of the
Aiguille Blanche de Penteret, Although only thirty years of
age, few men have won distinction so rapidly and so deservedly.
After attending the lectures of Micnael Foster, he completed his
studies of Bicﬁogy under Dr, Anton Dohrn at the Zoological
Station of Naplesin 1875, In 1878 he was elected a Fellow, and
in November last a member of the Council of th: Royal Society,
when he was also awarded one of the Royal Medals for his em-
bryological researches. Within ashort interval of time Glasgow
University conferred on him their honorary degree of LLL,D,, he
was elected President of the Cambwidze Philosophical Society,
and after having declined very tempting offers from the Univer-
sities of Oxford and Edinburgh he accepted a professorship of
Animal Morphology created for him by his own Bniversity. ew
men could have borne without hurt such a stream of honourable
distinctions, but in youn% Balfour genius and independence of
thought were happily blended with industry and personal
modesty ; these won for him the friendship, esteem, and ad-
miration of all who knew him.

Since the days of the first meetinz of the Association in York
in 1831, great changes have taken place in the means at our dis-
posal for exchanging views, either personally or through the
medium of type. The creation of the railway system has
enabled congenial minds to attend frequent meetings of those
special Societies, which have sprung into existence since the
foundation of the British Association, amongst which I need
only name here the Physical, Geographical, Meteorological, An-
thropological, and Linnean, cultivating abstract science, and the
Institution of Mechanical Engineers, the Institution of Naval

Architects, the Iron and Steel Institute, the Society of _Telegrap}:
Engineers and Electricians, the Gas Institute, the Sanitary Insti-
tute, and the Society of Chemical Industry, representing ap-
plied science. These meet at frequent intervals in London,
whilst others, having similar objects in view, hold their meetings
at the University towns, and at other centres of intelligence and
industry throughout the country, giving evidence of great mental
activity, and producing some of those very results which the
founders of the British Association wished to see realised, If
we consider further the extraordinary development of scientific
journalism which has taken place, it cannot surprise us when we
meet with expressions of opinion to the effect that the British
As-ociation has fulfilled its mission, and should now yield its
place to tho:e special Societies it has served to call into exist-
ence, On the other hand, it may be urged that the brilliant
success of last year’s Anniversary Meeting, enhanced by the com-
prehensive address delivered on that occasion by my distin-
guished predecessor in office, Sir John Lubbock, has proved, at
least, that the British Association is not dead in the affection of
its members, and it behoves us at this, the first ordinary gather-
ing in the second half century, to consider what are the strong
points to rely upon for the continuance of a career of success and
usefulness.

If the facilities brought home to our doors of acquiring scien-
tific information have increased, the necessities for scientific
inquiry have increased in a greater ratio. The time was when
s:ience was cultivated only by the few, wholooked upon its appli-
cation to the arts and manufactures as almost beneath their con-
sideration ; this they were content to leave in the hands of
others, who, with only commercial aims in view, did not aspire
to further the objects of science for its own sake, but thought
only of benefiting by its teachings, Progress could not be rapid
under this condition of things, because the man of pure science
rarely pursued his inquiry beyond the mere enunciation of a
physical or chemical principle, whilst the simpler practitioner
was at a loss how to harmonise the new knowledge with the
stock of information which formed his mental capital in trade,

The advancement of the last fifty years has, I venture to sub-
mit, rendered theory and practice so interdependent, that an
intimate union between them is a matter of absolute necessity
for our future progress. Take, for instance, the art of dyeing,
and we find that the discovery of new colouring matters derived
from waste products, such as coal-tar, completely changes its
practice, and renders an intimate knowledge of the science of
chemistry a matter of absolute necessity to the practitioner, In
telegraphy and in the new arts of applying electricity to light-
ing, to the transmission of power, and to metallurgical opera-
tions, problems arise at every turn, requiring for their solution
not only an intimate acquaintance with, but a positive advance
upon electrical science, as established by purely theoretical
research in the laboratory. In general engineering the mere
practical art of constructing a machine so designed and propor+
tioned as to produce mechanically the desired effect, woukr suffice
no longer, Oar increased knowledge of the nature of the mutual
relations between the different forms of energy makes us see
clearly what are the theoretical limits of effect ; these, although
beyond our absolute reach, may be looked upon as the asym-
ptotes to be approached indefinitely by the hyperbolic course of
practical progress, of which we should never lose sight, Cases
arise, moreover, where the introduction of new materials of con-
struction, or the call for new effects, renders former rules wholly
insufficient, 1In all these cases practical knowledge has to
go hand in hand with advanced science in order to accomplish
the desired end,

Far be it from me to think lightly of the ardent students of
nature who, in their devotion to research, do not allow their
minds to travel into the regions of utilitarianism and of self-
interest, These, the high priests of science, command our utmost
admiration; but it is not to them that we can look for our current
progress in practical science, much less can we look for it to the
““rule of thumb” practitioner, who is guided by what comes
nearer to instinct than to reason. It is to the man of science,
who also gives attention to practical questions, and to the practi-
tioner, who devotes part of Eis time to the prosecution of strictly
scientific investigations, that we owe the rapid progress of the
present day, both merging more and more into one class, that of
pioneers in the domain of nature. It is such men that Archi-
medes must have desired when he refused to teach his disciples
the art of constructing his powerful ballistic engines, exhorting
them to give their attention to the principles involved in their
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construction, and that Telford, the founder of the Institution of
Civil Engineers, must have had in his mind’s eye, when he defined
civil engineering as “the art of directing the great sources of
power in nature,”

These considerations may serve to show that although we see
the men of both abstract and applied science group themselves in
minor bodies for the better prosecution of special objects, the
points of contact between the different branches of knowledge
are ever multiplying, all tending to form part of a mighty tree—
the tree of modern science—under whose ample shadow its
cultivators will find it both profitable and pleasant to meet, at
least once a year; and considering that this tree is not the
growth of one country only, but spreads both its roots and
branches far and wide, it appears desirable that at these yearly
ﬁatherings other nations should be more fully represented than

as hitherto been the case. The subjects discussed at our meet-
ings are without exception of general interest, but many of them
bear an international character, such as the systematic collection
of magnetic, astronomical, meteorological, and geodetical obser-
vationg, the formation of a universal code for signalling at sea,
and for distinguishing lighthouses, and especially the settlement
of scientific nomenclatures and units of measurement, regarding
all of which an international accord is a matter of the utmost
practical importance.

As regards the measures of length and weight it is to be re-
gretted that this country «till stands aloof from the movement
initiated in France towards the close of last century; but, con-
sidering that in scientific work metrical measure is now almost
universally adopted, and that its use has been already legalised in
this country, I venture to hope that its universal adoption for
commercial purposes will soon follow as a matter of course, The
practical advantages of such a measure to the trade of this
country would, 1 am convinced, be very great, for English
goods, such as machinery or metal rolled to current sections, are
now almost excluded from the continental market, owing to the
unit measure employed in their production- The principal im-
pediment to the ado;:lion of the metre consists in the strange
anomaly that although it is legal to use that measure in com-
merce, and although a copy of the standard metre is kept in the
Standards’ Department of the Board of Trade, it is impossible
to procure legalised rods representing it, and to use a non-
legalised copy of a standard in commerce is deemed fraudulent,
Would it not be desirable that the British Association should
endeavour to bring about the use in this country of the metre
and kilogramme, and, as a preliminary step, petition the Govern-
ment to be represented on the International Metrical Commis-
sion, whose admirable establishment at Sévres possesses, inde-
pendently of its practical work, considerable scientific intere:t,
as a well-found laboratory for developing methods of precise
measurement,

Next in importance to accurate measures of length, weight,
and time, stand, for the purposes of modern science, those of
electricity.

The remarkably clear lines separating conductors from non-
conductors of electricity, and magnetic from non-magnetic +ub-
stances, enable us to measure electrical quantities and effects with
almost mathematical precision; and, although the ultimate
nature of this, the youngest scientifically investigated form of
energy, is yet wrapt in mystery, its laws are the most clearly
established, and its measuring instruments (galvanoineters,
electrcmeters, and magnetometers), are amongst the most
accurate in physical science. Nor could any branch of science
or industry be named in which electrical phenomena do not
oceur, to exercise their direct and important influence.

If, then, electricity stands foremost amongst the exact sciences,
it follows that its unit measures should be determined with the
utmost accuracy, Yet, twenty years ago very little advance had
been made towards the adoption of a rational system, Ohm
had, it is true, given us the fixed relations existing between
clectromotive force, resistance, and quantity of current; Joule
had established the dynamical equivalent of heat and electricity,
and Gauss and Weber had proposed their elaborate system of
absolute magnetic measurement. But these invaluable researches

~appeared only as isolated efforts, when, in 1862, the Electric
mit Committee was appointed by the British Association, at
the instance of Sir William Thomson, and it is to the long-
continued activity of this Committee that the world is indebted
for a consistent and Pructical system of measurement, which,
after being modifiel in details, received universal sanction last
year by the International Electrical Congress assembled at Paris,

At this Congress, which was attended officially by the leading
physicists of all civilised countries, the attempt was successfully
made to bring about a union between the statical system of
measurement that had been followed in Germany and some
other countries, and the magretic or dynamical system developed
by the British Association, also between the ﬁeomclrical measure
of resistance, the (Werner) Siemens unit, that had been gene-
rally adopted abroad, and the Pritish Association unit intended
as a multiple of Weber’s absolute unit, though not entirely fulfil-
ling that condition. The Congress, while adopting the absolute
system of the British Association, referred the final determina-
tion of the unit mea-ure of resistance to an International Com-
mittee, to be appointed by the representatives of the several
Governments ; they decided to retain the mercury standard for
reproduction and comparison, by which means tﬁe advantages
of both systems are happily combined, and much valuable labour
is utilised ; only, instead of expressing electrical quantities
directly in absolute measure, the Congress has embodied a
consistent system, based on the Obm, in which the units are of
a value convenient for practical measurements. In this, which
we must hereafter know as the “Praclical system,” as distin-
guished from the “ absolute system,” the units are named after
llgndigg physicists, the Ohm, Ampére, Vol', Coulomb, and

arad,

I weuld venture to suggest that two further units might, with
advantage, be added to the system decided on by the Inter-
national Congress at Paris, 'lyhe first of these is the unit of
magnetic quantity or pole, It is of much importance, and few
will regard otherwise than with satisfaction the :uggestion of
Clausius that the unit should be called a “* Weber,” thus retain-
ing a name most closely connected with electrical measurements,
and only omitted by the Congress in order to avoid the risk of
confusion in the magnitude of the unit current with which his
name had been formerly associated.

The other unit I should suggest adding to the list is that of
power, The power conveyed by a current of an Ampére through
the difference of potential of a Volt is the unit consistent with
the practical system, It might be appropriately called a Watt,
in honour of that master mind in mechanical science, James
Watt, He it was who first had a clear physical conception of
power, and gave a rational method of mc:uuring it. Watt,
then, expresses the rate of an Ampére multiplied by a Volt,
whilst a horse-power is 746 Watts, and a Cheval de Vapeur 735,

The system of electro-magnetic units would then be :—

(r) Weber, the unit of magnetic quantity =10* C.G.S, Units,

(2) Ohm - N resistance =1 3
(3) Volt 3 ,» electromotive force = 108 o)
(4) Ampere ,, ¥ current = 10-! 2
(5) Coulomb ,, " quantity =J10-! 2
(6) Watt 3 'y power =107 5
(7) Farad ,, W capacity =10+ i

Before the list can be looked upon as complete two other units
may have to be added, the one expressing that of magnetic field,
and the other of heat in terms of the electro-magnetic system, Sir
William Thomson suggested the former at the Paris Congress, and
pointed out that it would be proper to attach to it the name of
Gauss, who first theoretically and practically reduced observa-
tions of terrestrial magnetism to absolute measure. A Gauss will,
then, be defined as the intensity of field produced by a Weber at
adi-tance of one centimetie ; and the Weber will be the absolute
C.G.S, unit strength of magnetic pole, Thus the mutual force
between two ideal point poles, each of one Weber strength held
at unit distance asunder, will be one dyne; that is to say, the
force which, acting for a second of time on a gramme of matter,
generates a velocity of one centimetre per second.

The unit of heat has hitherto been taken variously as the
heat required to raise a pound of water at the freezing-
point through 1° Fahrenheit or Centigrade, or, again, the heat
necessary to raise a kilogramme of water 1° Centigrade, The
inconvenience of a unit so entirely arbitrary is sufficiently
apparent to justify the introduction of one based on the electro-
magnetic system, viz,, the heat generated in one second by the
current of an Ampére flowing through the resistance of an Ohw,
In absolute measure its value is 107 C,G.S, units, and, assuming
Joule’s equivalent as 42,000,000, it is the heat necessary to raise
0'238 grammes of water 1° Centigrade, or, approximately, the
youath part of the arbitrary unit of a pound of water raised 1°
Fahrenheit and the,¢'s5th of the kilogramme of water raised 1°
Centigrade. Such a heat unit, if found acceptable, might with
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great prooriety, I think, be called the Joule, after the man who
has done so much to develop the dynamical theory of heat.

Professor Clausius urges the advantages of the statical system
of measurement for simplicity, and shows that the numerical
values of the two systems can readily be compared by the intro-
duction of a factor, which he proposes to call the critical velocity ;
this, Weber has already shown to be nearly the same as the
velocity of light, It is not immediately evident how by the in-
troduction of a simple multiple, signifying a velocity, the statical
can be changed into dynamical values, and I am indebted to my
friend Sir William Thomson for an illustration which struck me
as remarkably happy and convincing, Imagine a ball of con-
ducting matter so constituted that it can at pleasure be caused to
shrink, Now let it first be electrified and left insulated with
any quantity of electricity on it. After that, let it be connected
with the earth by an excessively fine wire or a not perfectly dry
silk fibre ; and let it shrink just so rapidly as to keep its poten-
tial constant, till the whole charge is carried off. The velocity
with which its surface approaches its centre is the electrostatic
measure of the conducting power of the fibre. Thus we see
how ‘‘conducting power” is, in electrostatic theory, properly
measured in terms of a velocity. Weber had shown how, in
electromagnetic theory, the resistance, or the reciprocal of the
conducting power of a conductor, is properly measured by a
velocity, The eritical velocity, which measures the conducting
power in electrostatic reckoning and the resistance in electro-
magnetic, of one and the same conductor, measures the number
of electrostatic units in the electromagnetic unit of electric
(uantity,

Without waiting for the assembling of the International Com-
mittee charged with the final determination of the Ohw, one of
its most distinguished members, Lord Rayleigh, has, with his
collaborateuse, Mrs, Sidgwick, continued his important investi-
i,'mion in this direction at the Cavendish thomlor{, and has
ately placed before the Royal Society a result which will pro-
bably not be surpassed in accuracy.  His redetermination brings
him “into close aczord with Dr, Werner Siemens, their two
values of the mercury unit being 0'95418 and 0'9536 of the
B.A, unit respectively, or I mercury unit=0'9413 X 10° C.G.S.,
uni's,

Shortly after the publication of Lord Rayleigh’s recent re ults,
Messrs. Glazebrook, Dodds, and Sargant, of Cambridge, com-

" municated to the Royal Society two determinations of the Ohm,
by different methods ; and it is satisfactory to find that their
final values differ only in the fourth decimal, the figures being,
according to

Earth Quadrant

Second

Messrs, Glazebrook, ete. =0'986439 sy

Professor E. Wiedemann, of Leipzig, has lately called atten-
tion to the importance of having the Ohm determined in the
most accurate manner possible, and enumerates four distinct

methods, all of which shouid unquestionably be tried with a
view of obtaining concordant results, because upon its accuracy
will depend the whole future system of measurement of energy
of whatever form,

The word Energy was first used by Young in a scientific
sense, and represents a conception of recent date, being the out-
come of the labours of Carnot, Mayer, glonle, Grove, Clausius,
Clerk-Maxwell, Thomson, Stokes, elicholtz, Macquorn-
Rankine, and other lahourers, who have accomplished for the
science regarding the forces in Nature what we owe to Lavoi-
sier, Dalton, Berzelius, Liebig, and others, as regards Chemistry.
In this short word Euerg{ we find all the efforts in nature, in-
cluding electricity, heat, light, chemical action, and dynamics,
equally represented, forming, to use Dr, Tyndall’s apt expres-
sion, so many ‘‘modes of motion.” It will readily be conceived
that when we have established a fixed numerical relation between
these different modes of motion, we know beforehand what is
the utmost result we can possibly attain in converting one form
of energy into ancther, and to what extent our apparatus for
effecting the conversion falls short of realising it, he differ-
ence betweeu ultimate theoretical effect and that actvally obtained
is commonly called loss, but, considering that energy is inde-
structible, represents really secondary effect which we obtain
without desiring it. Thus friction in the working parts of a
machine represents a loss of mechanical effect, but is a gain of
heat, and in like manner the loss sustained in transferring elec-
trical energy from one point to another is accounted for by heat
generated in the conductor, It sometimes suits our purpose to

Lord Rayleigh . . . 1 Ohm=0'98651

augment the transformation of electrical into heat energy at
certain points of the circuit when the heat rays become visible,
and we have the incandescence electric light. In effecting a
complete severance of the conductor for a short distance, after
the current has been establi-hed, a very great local resistance is
occasioned, giving rise to the electric arc, the highest develop-
ment of heat ever attained. Vibration is another form of lost
energy in mechanism, but who would call it a loss if it proceeded
from the violin of a Joachim or a Norman-Neruda?

Electricity is the form of energy best suited for transmitting
an effect from one place to another ; the electric current passes
through certain substances—the metals—with a velocity limited
only by the retarding influence caused by electric charge of the
surrounding dielectric, but approaching probably under favour-
able conditions that of radiant heat and light, or 300,000 kilo-
metres per second ; it refuses, however, to pass through oxidised
substances, glass, gums, or through gases except when in a
highly rarefied condition. It is easy therefore to confine the
electric current within bounds, and to direct it through narrow
channels of extraordinary length. The conducting wire of an
Atlantic cable is such a narrow channel ; it consists of a copper
wire, or strand of wires, § mm, in diameter, by nearly 5,000
kilometres in length, confined electrically by a coating of gutta -
percha about 4 mm. in thickness, The electricity from a small
galvanic battery passing into this channel prefers the long
journey to America in the good conductor, and back through
the earth, to the shorter journey across the 4 mm, in thickness
of insulating material. By an improved arrangement the alter-
nating currents employed to work long submarine cables do not
actually complete the circuit, but are merged in a condenser at
the receiving station after having produced their extremely slight
but certain effect upon the receiving instrument, the beautiful
syphon recorder of Sir William Thomson. So perfect is the
channel and o precise the action of both the transmitting and
receiving instruments employed, that two systems of electric
signals may be passed simultaneously through the same cable in
opposite dicections, producing independent records at either end.
By the application of this daplex mode of working to the Direct
United States cable under the superintendence of Dr, Muirhead,
its transmitting power was increased from twenty-five tosixty words
a minute, being equivalent to about twelve currents or primary
impulses per second. In transmitting these impulse-currents
simultaneously from both ends of the line, it must not be
imagined, however, that they pass each other in the manner of
liquid waves belonging to separate systems ; such a supposition
would involve momentum in the electric flow, and although the
effect produced is analogous to such an action, it rests upon
totally different grounds—namely, that of a local circuit at each
terminus being called into action automatically whenever two
similar currents are passed into the line simultaneously from both
ends, In extending this principle of action quadruplex tele-
graphy has been rendered possible, although not yet for long
submarine lines,

The minute currents here employed are far surpassed as regards
delicacy and frequency by those revealed to us by that marvel of
the present day, the telephone. The electric currents caused by
the vibrations of a diaphragm acted upon by the human voice,
naturally vary in frequency and intensity according to the number
and degree of those vibrations, and each motor current in
exciting the electro-magnet forming part of the receiving
instrument, deflects the iron diaphragm occupying the position
of an armature to a greater or smaller extent according to its
strength, Savart found that the fundamental /z springs from
440 complete vibrations in a second, but what must be the fre-
quency and modulations of the motor current and of magnetic
variations necessary to convey to the ear through the medium of
a vibrating armature, such a complex of human voices and of
musical instruments as constitutes an opera performance, And
yet such performances could be distinctly heard and even enjoyed
as an artistic treat by applying to the ears a pair of the double
telephonic receivers at the Paris Electrical Exhibition, when con-
nected with a pair of transmitting instruments in front of the
footlights of the Grand Opera. In connection with the tele-
phone, and with its equally remarkable adjunct the microphone,
the names of Riess, Graham Bell, Edison, and Hughes, will
ever be remembered,

Considering the extreme delicacy of the currents working a
telephone, it is obvious that those caused by induction from
neighbouring telegraphic line wires would seriously interfere
with the former, and mar the speech or other sounds produced
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through their action, To avoid such interference the telephone
wires if suspended in the air require to be placed at some
distance from telegraphic line wires, and to be supported by
separate posts, Another way of neutralising interference consists
in twisting two separately insulated telephone wires together, so
as to form a strand, and in using the two conductors as a
metallic circuit to the exclusion of the earth; the working
current will, in that case, receive equal and opposite inductive
influences, and will therefore remain unaffected by them. On
the other hand two insulated wires instead of one are required
for working one set of instruments; and a serious increase in
the cost of installation is thus caused. To avoid this Mr. Jacob
has lately suggested a plan of combining pairs of such metallic
circuits again 1uto separate working pairs, and these again with
other working pairs, whereby the total number of telephones
capable of being worked without interference is made to equal
the total number of single wires employed. The working of
telephones and telegraphs in metallic circuit has the further
advantage that mutual volta induction between the outgoing and
returning currents favours the transit, and neutralises on the
other hand the retarding influence caused by charge in under-
ground or submarine conductors, These conditions are particu.
larly favourable to underground line wires, which possess other
important advantages over the still prevailing overground system,
in that they are unaffected by atmospheric electricity, or by
sno v-storms and heavy gales, which at not very rare intervals of
time put us back to pre-telegraphic days, when the letter-carrier
was our swiftest messenger,

The underground system of telegraphs, first introduced into
Germany by Werner Siemens in the years 1847-8, had to yield
for a time to the overground system owing to technical difficulties,
but it has been again resorted to within the last four years, and
multiple land cables of solid construction now connect all the
important towns of that country, The first cost of such a
system is no doubt considerable (being about 38/ per kilometre
of conductor as against 8/ 105 the cost of land lines) ; but as
the underground wires are exempt from frequent repairs and
renewals, and as they insure continuity of service, they are
decidedly the cheaper and better in the end. The experience
afforded by the early introduction of the underground Sf'stcm in
Germany, was not, however, without its beneficial results, as it
brought to light the phenomena of lateral induction, and of faults
in the insulating coating, matters which had to be understood
before submarine telegraphy could be attempted with any
reasonable prospect of success.

Regarding the transmission of power to a distance the electric
current has now entered the lists in competition with compressed
air, the hydraulic accumulator, and the quick running rope as
used at Schaffbausen to utilise the power of the Rhine fall. The
transformation of electrical into mechanical energy, can be
accomplished with no further loss than is due to such incidental
causes a- friction and the heating of wires ; these in a properly
designed dynamo-electric machine do not exceed 10 per cent.,
as shown by Dr, John Hopkinson, and, judﬁing from recent
experiments of my own, a «till nearer approach to ultimate per-
fection is attainable. Adhering, however, to Dr. Hopkinson’s
determination for safety’s rake, and assuming the same per-
centage in veconverting the current into mechanical effect, a total
loss of 19 per cent. results, To this loss must be added that
through electrical resi-tance in the connecting line wires, which
depends upon their length and conductivity, and that due to
heating by friction of the working parts of the machine. Taking
these as being equal to the internal losses incurred in the double
process of conversion, there remains a useful effect of 100 —
38 = 62 per cent., attainable at a distance, which agrees with
experimental results, although in actual practice it would not be
“J:e at present to expect more than 50 per cent, of ultimate
useful effect, to allow for all mechanical losses,

Inusing compressed air or water for the transmission of power
the loss cannot be taken at less than 50 per cent., and as it
depends upon fluid resistance it increases with distance more
rapidly than in the case of electricity. Taking the loss of effect
in all cases as 50 per cent,, electric transmission presents the
advantage that an insulated wire does the work of a pipe capable
of withstanding high internal pressure, which latter must be more
costly to put down and to maintain. A second metallic con-
ductor is required, however, to complete the electrical circuit,
as the conducting power of the earth alone is found unreliable
for passing quantity currents, owing to the effects of polariza-
tion ; but as this second conductor need not be insulated, water

or gas pipes, ruilway metals or fencing wire, may be called into
requisition for the purpose. The small space occupied by the
electro-motor, its high working speed, and the absence of waste
products, render it specially available for the general distribution
of power to cranes and light machinery of every description.
A loss of effect of 50 per cent, does not stand in the way of
such applications, for it must be remembered that a powerful
central engine of best construction produces motive power with
a consumption of two pounds of coal per horse-power per hour,
whereas small engines distributed over a district would consume
not less than five; we thus see that there is an advantage in
favour of electric transmission as regards fuel, independently
of the saving of labour and other collateral benefits,

To agriculture, electric transmission of power seems well
adapted for effecting the various operations of the farm and
fields from one centre, Having worked such a system myself in
combination with electric lighting and horticulture for upwards
of two years, I can speak with confidence of its economy, and
of the facility with which the work is accomplished in charge of
untrained persons.

As regards the effect of the electric light upon vegetation there
islittle to add to what was stated in my paper read before Section
A la‘t year, and ordered to be printed with the Report, except
that in experimenting upon wheat, barley, oats, and other cereals
sown in the open air, there was a marked difference between the
growth of the plants influenced and those uninfluenced by the
electric light. This was not very apparent till towards the end
of February, when, with the first appearance of mild weather,
the i)lnnts under the influence of an electric lamp of 4,000
candle power placed about 5§ metres above the surface, developed
with extreme rapidity, so that by the end of May they stood
4 feet high, with the ears in full bloom, when those not under
its influence were under 2 feet in height, and showed no sign of
the ear,

In the electric railway first constructed by Dr. Werner Siemens,
at Berlin, in 1879, electric energy was transmitted to the moving
carriage or train of carriages through the two rails upon which
it moved, these being sufficiently insulated from each other by
being placed upon well creosoted cross sleepers. At the Paris
Electrical Exhibition the current was conveyed through two
separate conductors making sliding or rolling contact with the
carriage, whereas in the electric railnay now in course of
construction in the north of Ireland (which when completed
will have a length of twelve miles) a separate conductor will be
provided by the side of the railway, and the return circuit
completed through the rails themselves, which in that case need
not be insulated ; sccondary batteries will be used to store the
surplus energy created in running downbhill, to be restored in
ascending steep inclines, and for passing roadways where the
separate insulated conductor is not practicable. The electric
railway possesses great advantages over horse or steam-power
for towns, in tunnels, and in all cases where natural sources of
energy, such as waterfalls are available ; but it would not be
reasorable to suppose that it will in its present condition com-
pete with steam propulsion upon ordinary railways, The trans-
mission of power by means of electric conductors possesses the
further advantage over other means of transmission that, provided
the resistance of the rails be not very great, the power commu-
nicated to the locomotive reaches its maximum when the motion
is at its minimum—that is, in commencing to work, or when
encountering an exceptional resistance — whereas the utme st
economy is produced in the normal condition of working when
the velacity of the power-absorbing nearly equals that of the
current-producing machine,

The deposition of metals from their solutions is perhaps the
oldest of all useful applications of the electric current, but it is
only in very recent times that the dynamo current has been
practically applied to the refining of copper and other metals,
as now practised at Birmingham and elsewhere, and upon an
exceptionally large scale at Ocker, in Germany. ‘The dynamo
machine there employed was exhibited at the Paris Electrical
Exhibition by Dr. Werner Siemens, its peculiar f_enlure being
that the conductors upon the rotating armature consisted of solid
bars of copper 30 ,mm. square, in section, which were found
only just sufficient to transmit the large quantity of electricity of
low tension necessary for this operation. One such machine
consuming 4-horse power deposits about 300 kilogrammes of
copper per 24 hours; the motive power at Ocker is derived
from a waterfall,

Electric energy may also be employed for heating purposes,
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but in this case it would obviously be impossible for it to com-
pete in point of economy with the direct combustion of fuel for
the attainment of ordinary degrees of heat. Bunten and St.
Claire Deville have taught us, however, that combustion be-
comes extremely slurgish when a temperature of 1,800° C, has
been reached, and for effects at temperatures exceeding that
limit the electric furnace will protably find advantageous appli-
cations. Its specific advantage consists in being apparently
unlimited in the degree of heat attainable, thus opening out a
new field of investigation to the chemist and metallurgi-t.
Tungsten has been melted in such a furnace, and 8 pounds of
rlntiuu:n have been reduced from the cold to the liquid condition
n 20 minutes.

The largest and most extensive application of electric energy
at the present time is to lighting, but, considering how much of
late has been said and written for and against this new illumi-
nant, I shall here confine myself to a few general remarks,
Joule has shown that if an electric current is passed through a
conductor, the whole of the energy lost by the current is con-
verted into heat ; or, if the resistance be localised, into radiant
energy comprising heat, light, and actinic rays, Neither the low
heat rays nor the ultra-violet of highest refrangibility affect the
retina, and may be regarded as lost energy, the effective rays
being those between the red and violet of the spec rum, which
in their combination produce the effect of white light,

Regarding the priportion of luminous to non-luminous rays
proceeding from an electric arc or incandescent wire, we have a
most valuable investigation by Dr, Tyndall, recorded in his
work on ‘‘ Radiant Heat.” Dr, Tyndall shows that the lumi-
nous rays from a platinum wire heated to its highest point of
incandescence, which may be taken at 1,700° C., formed y4th
part of the total radiant energy emitted, and {/;th part in the
case of an arc light worked by a battery of 50 Grove's elemeunts,
In order to apply these valuable data to the case of electric
lighting by means of dynamo-currents, it is necessary in the first
place to determine what is the power of 50 Grove's elements of
the size used by Dr, Tyndall, expressed in the practical scale of
units as now cstnbli~bc5. From a few experiments latcly under-
taken for myself, it would appear that §0 such cells have an
electro-motive force of 985 Voﬁls, and an internal resistance of
13'5 Ohms, giving a current of 7'3 Ampéres when the cells are
short-circuited, The resistance of a regulator such as Dr, Tyn-
dall used in his experiments may be taken at 10 Ohms, the

current produced in the arc would be 98's = 4 Am-
13'5 + 10+ 1

peres (allowing one Ohm for the leads), and the power con-

sumed 10 X 4* = 160 Watts; the light power of such an arc

would be about 150 candles, and, comparing this with an

arc of 3,308 candles produced by 1,162 Watts, we find that

1162\ . i § e [3308) .
(Fo_ , .¢., 7'3 times the electric energy produce o ) o

22 times the amount of light measured horizontally. If there-
fore, in Dr. Tyndall’s arc ,};th of the radiant energy emitted was
visible as light, it follows that in a powerful arc of 3,300 candles,
TIo X %’, or fully 4, are luminous rays.
candescence light (say a Swan light of 20 candle power) we find
in practice that nine times as much po ver has to be expended as
in the case of the arc light ; hence § x § = 4 part of the power
is given out as luminous rays, as against ¢4th in Dr, Tyndall’s
incandescent platinum—a result sufficiently approximate con-
sidering the wide difference of conditions under which the two
are compared,

These results are not only of obvious practical value, but they
seem to establish a fixed relation between current, temperature,
and light produced, which may serve as a means to determine
temperatures exceeding the melting point of platinum with
greater accuracy than has hitherto been possible by actinimetric
methods in which the thicknes of the luminous atmosphere must
necessarily exercise a disturbing influence, It is probably «wing
to this circumstanct that the temperature of the electric arc as
well as that of the s)lar photosphere has frequently been greatly
over-estimated,

The principal argument in favour of the electric light is fur-
nished by its immunity from products of combustion which not
only heat the lighted apartments, but substitute carbonic acid
and deleterious sulphur compounds for the oxygen upon which
res&)imtion depends ; the electcic light is white instead of yellow,
and thus enables us to see pictures, furniture, and flowers as by
daylight ; it supports growing plants in-tead of poisoning them,

In the case of the in-

and by its means we can carry on photography and many other
industries at night as well as during the Jay. The objection
frequently urged against the electric light, that it deﬁends upon
the continuous moti>n of steam or gas engines, which are liable
to accidental stoppage, has been removed by the introduction
into practical use of the secondary battery ; this, although not
embodying a new conception, has lately been greatly improved
in power and constancy by Planté, Faure, Volckmar, Sellon,
and others, and promises to accomplish for electricity what the
pas-holder has done for the supply of gas, and the accumulator
for hydraulic transmission of power,

It can no longer be a matter of reasonable doubt, therefore,
that electric lighting will take its place as a public illuminant,
and that even though its cost should be found greater than that
of gas, it will be preferred for the lighting of drawing-rooms and
dining-rooms, theatres and concert-rooms, museums, churches,
warehouses, thow-rooms, printing establishments and fac'ories,
and also the cabins and engine-rooms of passenger steamers. In
the cheaper and more powerful form of ‘the arc light, it has
proved itsell superior to any other illuminant for spreading artis
ficial daylight over the large areas of harbours, railway-stations,
and the sites of public works, When placed within a holophote
the electric lamp has already become a powerful auxiliary in
effecting military operations both by sea and land.

The electric light may be worked by natural sources of power
such as waterfalls, the tidal wave, or the wind, and it is con«
ceivable that these may be utilised at considerable distances by
means of metallic conductors, Some five years ago I called
attention to the vastness of those sources of energy, and the
facility offered by electrical conduction in rendering them avail-
able for lizhting and power supply, while Sir William Thomson
made this important matter the subject of his admirable address
to section A last year at York, and dealt with it in an exhaustive
manner,

The advantages of the electric light and of the distribution of
power by electricity have lately been recognised by the British
Government, who have just passed a Bill through Parliament to
facilitate the establishment of electrical conductors in towns,
subject to certain regulating clauses to protect the interests of
the public and of local authorities, Assuming the cost of
electric light to be practically the same as gas, the preference
for one or other will in each application be decided upon
grounds of relative convenience, but I venture to think that
gas-lightinz will hold its own as the poor man’s friend.

Gas is an institution of the utmost value to the artisan ; it re-
quires hardly any attention, is supplied upon regulated terms,
and gives with what should be a cgcerful light a genial warmth,
which often saves the lighting of a fire, The time is moreover
not far distant, I venture to think, when both rich and poor will
largely resort to gas as the mo t convenient, the cleanest, and
the chcaﬁcst of heating agents, and when raw coal will be seen
only at the colliery or the gasworks, Inall cases where the town
to be supplied is within say thirty miles of the colliery, the gas-
works may with advantage be planted at the mouth, or still
better at the bottom of the pit, whereby all haulage of fuel
would be avoided, and the gas, in its ascent from the bsttom of
the colliery, would acquire an onward pressu. e sufficient probably
to impel it to its destination, The possibility of transporting
combustible gas through pipes for such a distance has been
proved at Pittsburg, where natural gas from the oil district is
used in large quantities,

The quasi monopoly so long enjoyed by gas companies has had
the inevitable effcct of checking progress. The gas being sup-
plied by meter, it has been seemingly to the advantage of the
companies to give merely the prescribed illuminating power, and
to discourage the invention of economical burners, in order that
the consumption might reach a maximum, The application of
gas for heating purposes has not been encouraged, and is still
made difficult in cmsequence of the objectionable practice of
reducing the pressure in the mains during daytime to the lowest
possible point consistent with prevention of atmospheric in
draught, The introduction of the electric light has convinced
gas managers and directors that such a policy is no longer ten-
able, but must give way to one of technical progress ; new pro-
cesses for cheapening the production and increasing the purity
and illuminating power of gas are being fully discussed before
the Gas Institute ; and improved burners, rivalling the electric
light in brilliancy, greet our eyes as we pass along our principal
thoroughfares,

Regarding the importance »f the gas supply as it exists at
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present, we find from a Government return that the capital in-
vested in gasworks in England, other than those of local author-
ities, amounts to 30,000,000/ ; in these 4,281,048 tons of coal
are converted annually, producing 43,000 million cubic feet of
gas, and about 2,800,000 tons of coke; whereas the total
amount of coal annually converted in the United Kingdom
may be estimated at 9,000,000 tons, and the by-pr.ducts there-
from at 500,000 tons of tar, 1,000,000 tons of ammonia liquor,
and 4,000,000 tons of coke, according to the returns kindly
furnished me by the managers of many of the gasworks and cor-
porations. To these may be added say 120,000 tons of sulphur,
which up to the present time is a waste product,

Previous to the year 1856—that is to say, before Mr, W, H.
Perkin had invented his practical process, based chiefly upon the
theoretical investigations of Hoffman, regarding the coal-tar
bases and the chewical constitution of indigo—the value of coal-
tar in London was scarcely a balfpenny a gallon, and in country
places gas-makers were glad to give it away, Up to that time
the coal-tar industry had consisted chicfly in separating the tar
by distillation into naphtha, creosote, oils, and pitch. A few
distillers, how ever, made small quantities of benzene, which had
been first shown—by Mansfield, in 1849—to exist in coal-tar
naphtha mixed with toluene, cumene, &c, The discovery, in
1856, of the mauve or aniline purple gave a great impetus to the
coal-tar trade, inasmuch as it ne cessitated the separation of large

uantities of benzene, or a mixture of benzene and toluene, from
the naphtha, The trade was further increased by the discovery
of the magenta cr rosaniline dye, which required the same pro-
ducts for its preparation, In the meantime, carbolic acid was
gradually introduced into commerce, chiefly as a disinfectant,
but also for the production of colouring matter. ;

The next most important development arose from the (!IS-
covery by Graebe and Liebermann that alizarine, the colouring
principle of the madder root, was allied to anthracene, a hydro-
carbon existing in coal-tar, The production of this colouring
matter from anthracene followed, and is now one of the most
important operations connected with tar distilling. The success
of the alizarine made in this manner has been so great that it has
almo:t entirely super:eded the use of madder, which is now culti-
vated to only a comparatively small extent, The most important
colouring matters recently introduced are the azo-scarlets. They
have called into use the coal-tar hydrocarbons, xylene and
cumene. Naphthalene is also used in their preparation, The:e
splendid dyes have replaced cochineal in many of its applica-
tions, and have thus serivusly interfered with its use, The
discovery of artificial indigo by Professor Baeyer is of great
interest,” For the preparation of this colouring matter 1oluene
is required, At pre ent artificial indigo does not compete
seriously with the natural product ; but should i't cvcnlun!ly be
prepared in quantity from toluene, a further stimulus will be
given to the coal-tar trade,

The colour indusiry utilises even now practically all che ben-
zene, a large proportion of the solvent napt ha, all xhc'nmhn‘lcene,
and a portion of the napthaline resulting from the distillation of
coal-tar ; and the value of the colouring matier thus produced is
estimated by Mr, Perkin at 3,350,000/ 4

The demand for ammonia may be taken as unlimited, on
account of its high agricultural value as a maiure ; and, con-
sidering the failing ru{)ply of guaro and the growing necessity
for stimulating the fertility of our soil, an increased production
of ammonia may be regarded as a matter of national in portance,
for the supply of which we have to look almost exclusively to
our gasworks, The present production of 1,000,000 tons of
liquor yields 95,000 tons of sulphate of ammonia ; which, taken
at 20/,"10s. a ton, represents an annual value of 1,947,c00/,

The total annual value of the gasworks by-products may | e
estimated as foll yws :—

Colouring matter . . ARt o . 43,350,000
Sulphate of ammonia . . . . . 1,947,C00
Pitch (325,000 tons) . . . . . 365,000
Creosote (25,000,000 gallons) : . . 208, 0co
Crude carbolic acid (1,000,0c0 gallon:). s 100,000

Gas coke, 4,000,000 toms (after allowing

2,000,000 tons con: umption in working tte
retorts) at 12s, . . 4 - . 3 2,400,000
Total . 5 % . . 8,370,000

Taking the coal used, 9,0c0,000 ton, at 125., eqnal 5,400,000/,
it follows that the by-products exceed in value the coal used by
very nearly 3,000,000/,

In using raw coal for heating jurposes there valuable products
are not only absolutely lost to us, but in their stead we are
favcured with those semi-gasecus by-products in the atmosphere
too well known to the denizens of London and other large towns
as smoke. Professor Roberts has calculated that the soot in the
pall hanging over London on a winter’s day amcunts to (fifty
tong, and that the carbonic oxide, a poi-onous compound, result
ing from the imperfect combustion of coal, may b2 taken as at
least five times that amount, Mr. Aitken has shown, moreover,
in an interesting paper communicated to the Royal Society of
Edinburgh, last year, that the fire dust resulting from the imper-
fect combustion of coal is mainly instrumental in the formation
of fog; each particle of solid matter attracting to itself aquecus
vapour, these globules of fog are rendered particularly tenacious
and disagreeable by the presence of tar vapour, another result of
imperfect .combustion of raw fuel, which might be turned to
much better account at the dye-works, The hurtful influence of
smoke upcn public health, the great personal discomfort to
which it gives rise, and the vast expense it indirectly causes
through the destruction of our monuments, pictures, furniture,
and apparel, are now being recognised, as is evinced by the
success of recent Smoke Abatement Exhibitions, The most
effectual remedy would resnlt from a general recognition of the
fact that wherever smoke is prc duccﬁ, fuel is being consumed
wastefully, and that all our calorific effects, from the largest
down to the domestic fire, can be realised as completely
and more economically, without allowing any of the fuel
employed to reach the atmosphere unburnt, This most desirable
result may be effected by the use of gas for all heating purfoses
with or without the addition of coke or anthracite,

The cheapest foim of gas is that obtained through the entire
distillation of fuel in such gas producers as are now largely used
in working the furnaces of glass, iron, and :teel works; but gas
of this description would not be available for the supply of
towns owing to its bulk, about two-thirds of its volume being
nitrogen, The use of water-gas, resulting from the decomposi-
tion of steam in passing thrcugh a hot chamber filled with coke,
has been suggested, but this gas also is objectionable, because it
contains, besides hydrogen, the poisonous and inodorous gas
carbonic oxide, the introduction of which into dwelling-houses
could not be effected without considerable danger. A more
satisfactory mode of supplying heating separately from il umi-
nating gas would consist in connecting the retort at different
periods of the distillation with two separate systems of wains for
the delivery of the respective gases, Experiments made some
years ago by Mr, Ellisen of the Paris gasworks have :hown that
the gases rich in carbon, such as olefiant and acetylene, are
developed chiefly during an interval of time, beginning half an
hour after the commencement and terminating at half the whole
period of distillation, whilst during the remainder of the time,
marsh gas and hydrogen are chicfly developed, which, while
possessing little illuminating power are most advantageous for
heating purposes, By resorting to improved means of heating
the retorts with gaseous fuel, such as have been in use at the
Paris gasworks for a considersble number of years, the length of
time for effecting each distillation may be shortened from six
hours, the usu 1 jpericd in former years, to four, or even three
hours, as now practised at Glasgow and elsewhere, By this
means a given number of retorts can be made to produce, in
addition to the former quantity of illuminating gas of superior
quality, a similar quantity of beating gas, resuliing in a
aiminished co:t of production and an increated supply of the
valuable by-products previously referred to, The quantity of
both ammonia and heating gas may be further increared by the
simple expedient of passing a streamlet of steam through the
heated retoits towards the end of each operation, whereby the
ammonia and hydrc carbons still occluded in the heated coke will
be evolved, and the volume of heating gas produced l'e augmented
by the products of decomposition of the steam itself. It has
been thown that gas nay be used advantageously for dome: tic
jurposes with judicious management even under present con-
ditions, and it is easy to conceive that its con:umption for heating
would soon ii crea:e, perhaps tenfold, if supplied separately at
say Is. a thousand cubic feet. At this price gas would be not
only the cleanest and mo t convenient, but also the cheapest fcrm
of fuel, and the enormous increase of consumption, the superior
quality of the illuminating gas obtained by selection, and the
proportionate increase of by-pr ducts, would amply compensate
the gas company or corporation for the comparatively low price
of the heating gas,
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The greater efficiency of gas as a fuel results chiefly from the
circumstance that a pound of gas yiclds in combustion 22,000
heat units, or exactly double the heat produced in the combustion
of a pound of ordinary coal. This extra heating power is due
partly to the freedom of the gas from earthy constituents, but
chiefly to the heat imparted to it in effecting its distillation.
Recent experiments with gas-burners have shown that in this
direction also there is much room for improvement,

The amount of light given out by a gas flame depends upon
the temperature to which the particles of solid carbon in the
flame are raised, and Dr, Tyndall has shown that of the radiant
energy set up in such a flame, only the Jgth part is luminous ; the
hot products of combustion carry off at least four times as much
energy as is radiated, so that not more than one hundredth part
of the heat evolved in combustion is converted into light. This
proportion could be improved, however, by increasing the tem-
perature of combustion, which may be effected either by intensi-
fied air currents or by regenerative action. Supposing that the
heat of the products of combustion could be communi-
cated to metallic surfaces, and be transferred by conduction
or otherwise to the atmospheric air supporting combustion in the
flame, we should be able to increase the temperature accumu-
latively to any point within the limit of dissociation ; this limit
may be fixed at about 2,300° C., and cannot be very much below
that of the electric arc. At such a temperature the proportion
of luminous rays to the total heat produced in combustion would
be more than doubled, and the brilliancy of the lizht would at
the same time be greatly increased. Thus improved, gas-lighting
may continue its rivalry with electric lighting both as regards
economy and brilliancy, and such rivalry must necessarily result
in great public advantage,

In the domestic grate radiant energy of inferior intensity is
required, and I for one do not agree with those who would like
to see the open fireplace of this country, superseded by the con-
tinental stove, The advantages usually claimed for the open
fireplace are, that it is cheerful, *‘ pokable,” and conducive to
ventilation, but to these may be added another of even greater
importance, viz., that the radiant heat which it emits passes
through the transparent air without warming it, and imparts heat
only to the solid walls, floor, and furniture of the room, which
are thus constituted the heating surfaces of the comparatively
cool air of the apartments in contact with them. In the case of
stoves the heated air of the room causes deposit of moisture upon
the walls in heating them, and gives rise to mildew and germs
injurious to health, It is, I think, owing to this circumstance
that upon entering an apartment one can immediately perceive
whether or not it is heated byxan open fireplace ; nor is the un-
pleasant sensation due to stove-heating completely removed by
mechanical ventilation ; there iz, moreover, no good reason why
an open fireplace should not be made as econowmical and smoke-
less as a stove or hot-water apparatus,

In the production of mechanical effect from heat, gaseous fuel
also presents most striking advantages, as will appear from the
following consideration, When we have to deal with the ques-
tion of converting mechanical into electrical effect, or vice versd,
by means of the dynamo-electrical machine, we have only to
consider what are the equivalent values of the two forms of
energ{, and what precautions are necessary to avoid losses by
the electrical resistance of conductors and by friction, The
transformation of mechanical effect into heat involves no losses
except those resulting from imperfect installation, and these may
be so completely avoided that Dr, Joule was able by this method
to determine the equivalent values of the two forms of energy.
But in attempting the inverse operation of effecting the conver-
sion of heat into mechanical energy, we find ourselves con-
fronted by the second law of thermo-dynamics, which says that
whenever a given amount of heat is converted into mechanical
effect, another but variable amount descends from a higher to a
lower potential, and is thus rendered unavailable.

In the condensing steam engine this waste heat comprises that
communicated to the condensing water, whilst the useful heat, or
that converted into mechanical effect, depends upon the differ-
ence of temperature between the boiler and condenser, The
b iler pressure is limited, however, by considerations of safety
and convenience of construction, and the range of working tem-
gernture rarely exceeds 120° C. except in the engines constructed

y Mr, Perkins, in which a range of 160° C., or an expansive
action commencing at 14 atmospheres, has been adopted with
considerable promise of snccess, as appears from an able report
on this engine by Sir Frederick Bramwell. To obtain more

advantageous primary conditions we have to turn to the caloric
or gas engine, bclscause in them the co-efficient of efficiency
T—
T
reach a maximum if the initial absolute temperature T could be
raised to that of combustion, and T’ reduced to atmospheric
temperature, and these maximum limits can be much more
nearly approached in the gas engine worked by a combustible
mixture of air and hydro-carbons than in the steam engine.
Assuming, then, in an explosive gas-engine a temperature of
1,500° C, at a pressure of 4 atmospheres, we should, in accord-
ance with the second law of thermo-dynamics, find a temperature
after expansion to atmospheric pressure of 600° C., and therefore
a working range of 1500° — 600° = 900°, and a theoretical

expressed by L may be greatly increased. This value would

efficiency | 560% = about one-half, contrasting very favour-

ably with that ofa good expansive condensing steam-engine,
in which the range is 150-30=120° C,, and the efficiency

G aE i gl Sirilh good expansive steam-engine is therefore
150 + 274 7
capable of yielding as mechanical work #th part of the heat com-
municated to the boiler, which does not include the heat lost by
imperfect combustion, and -that carried away in the chimney.
Adding to these, the losses by friction and radiation in the engine,
we find that the best steam-engine yet constructed does not yield
in mechanical effect more than $th part of the heat energy
residing in the fuel consumed. In the gas-engine we have also
to make reductions from the theoretical efficiency, on account of
the rather serious loss of heat by absorption into the working
cylinder, which has to be cooled artificially in order to keep its
temperature down to a point at which lubrication is “possible ;
this, together with frictional loss, cannot be taken at less than
one-half, and reduces the factor of efficiency of the engine
to jth,

l*t follows from these considerations that the gas or caloric
engine combines the conditions most favourable to the attainment
of maximum results, and it may reasonably be supposed that the
difficulties still in the way of their application on a large scale
will gradually be removed. Before many years have elapsed we
may find in our factories and on board our ships engines with 2
fuel consumption not exceeding one pound of coal per effective
horse power per hour, in which the gas producer takes the place
of the somewhat complex and dangerous steam boiler, The
advent of such an engine and of the dynamo-machine must mark
a new era of material progress at least equal to that produced by
the introduction of steam power in the early part of our century.
Let us consider what would be the probable effect of such an
engine upon that most important interest of this country—the
merchant navy,

According to returns kindly furnished by the Board of Trade
and ZLloyds' Register of Shipping, the total value of the merchant
shipping of the United Kingdom may be estimated at
126,000,000/, of which 90,000,000/, represents steamer having
a net tonnage of 3,003,988 tons; and 36,000,000/ sailing
vessels, of 3,688,008 tons. The safety of this vast amount 0
shipping, carrying about five-sevenths of our total imports an
exports, or 500,000,000/, of goods in the year, and of the more
precious lives connected with it, is a question of paramount im*
portance, It involves considerations of the most varied kind:
comprising the construction of the vessel itself, and the material
employed in building it ; its furniture of engines, pumps, sails,
tackle, compass, sextant, and sounding apparatus, the prepara
tion of reliable charts for the guidance of the navigator, and the
construction of harbours of refuge, lighthouses, beacons, bells,
and buoys, for channel navigation. Yet notwithstanding the
combined efforts of science, inventive skill, and practical ex:
perience—the accumulation of centuries—we are startled with
statements to the effect that during last year as many as 1,007
British owned ships were lost, of which fully two-thirds were
wrecked upon our shores, representing a total value of nearly
10,000,000/, Of these ships 870 were sailing vessels and 137
steamers, the loss of the latter being in a fourth of the cases at
tributable to collision, The number of sailing vessels includ
in these returns being 19,325, and of steamers 5,505, it appears
that the steamer is the safer vessel, in the proportion of 4'43 '©
3'46 ; but the steamer makes on an average three voyage for oné
of the sailing ship taken over the year, which reduces the
relative risk of the steamer as compared with the sailing ship per
voyage in the profportion of 13'29 to 3'46. Commercially speak
ing, this factor of safety in favour of steam-shipping is to a great
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extent counterbalanced by the value of the steamship, which
bears to that of the sailing vessel per net carrying ton the pro-
portion of 3 : 1, thus reducing the ratio in favour of steam ship-
ping as 13°29 to 10°38, or in round numbers as 4 : 3. In
testing this result by the charges of premium for insurance, the
variable circumstances of distance, nature of cargo, season and
voyage have to be taken into account; but judging from in-
formation received from shipowners and underwriters of
undoubted authority, I find that the relative insurance paid for
the two classes of vessel represents an average of 30 per cent. in
favour of steam shipping, agreeing very closely with the above
deductions derived from statistical information,

In considering the question how the advantages thus established
in favour of steam-shipping could be further improved, attention
should be called in the first place to the material employed in
their construction. A new material was introduced for this pur-
bose by the Admiralty in 1876—78, when they constructed at

embroke dockyard tge two steam corvettes, the Zris and Mer-
cury, of mild steel. The peculiar qualities of this material are
such as to have enabled shipbuilders to save 20 per cent. in the
weight of the ship’s hull, and to increase to that extent its carrying
capacity. It combines with a strength 30 per cent. superior to
that of iron such extreme toughness, that in the case of collision
the side of the vessel has been found to yield or bulge several
feet without showing any sign of rupture, a quality affecting the
question of sea risk very favonurably. When to the use of this
material there are added the advantages derived from a double
bottom, and from the division of the ship’s hold by means of
bulkheads of solid construction, it is difficult to conceive how
such a vessel could perish by collision either with another vessel
or with a sunken rock. The spaces between the two bottoms
are not lost, because they form convenient chambers for water
bailast,” but powerful pumps should in all cases be]added to
meet emergencies,

The following statement of the number and tonnage of vessels
building and preparing to be builtin the United Kingdom on the
3oth of June last, which has been kindly furnished me by
Lloyd’s, is of interest as showing that wooden ships are fast
Lecoming obsolete, and that even iron is beginning to yield its
| lace, both as regards steamers and :ailing ships, to the new
material mild steel ; it also shows that by far the greater number
of vessels now building are ships of large dimensions propelled
by engine power i—

MiLp STEEL. Iron. Woonb. Torar.
Tons Tons Tons Tons
No. gross, No. gross. No. gross. No. gross.
Steam .ov0e 89 159,751 «s 555 920,021 w6 460 .. 650 1,090.132
Sn.lmg PTTTI & § 16,800 ... 70 120,250 e 49 4,035 « 130 141,694

176,551 «v 625 1,050,180 i 55 5,005 w0 780 1,231,826

1f to the improvements already achieved could be added an
engine of half the weight of the present steam engine and
boilers, and working with only half the present expenditure of
fuel, a further addition of 30 per cent, could be made to the
cargo of an Atlantic propeller vessel—no longer to be called a
steamer—and the balance of advantages in favour of such
vessels would be sufficient to restrict the use of sailing craft
chiefly to the regattas of this and neighbouring ports.

The admirable work on the ¢ British Navy,” lately published
by Sir Thomas Brasey, the Civil Chief Lord of the Adwmiralty,
shows that the naval departme t of this country is fully alive to
all improvements having regard to the safety as well as to the
fightisg qualities of Her Majesty’s ships of war, and recent
experience goes far to prove that although high speed and
wanceuvring qualities are of the utmost value, the armour'plnte
which appeared to be fast sinking in public favour is not without
s value in actual warfare,

The progressive views perceptible in the construction of the
navy are further eviuence«g in a remarkable degree in the hydro-
graphic department, Captain Sir Frederick Evans, the hydro-
grapher, and Vice-President of the British Association, gave
usat York last year a very interesting account of the progress
made in that department, which, while dealing chiefly with the
preparation of charts showing the depth of water, the direction
and force of currents, and the rise of tides near our shores, con-
tains also valuable statistical information regarding the more
general questions of the physical conditions of the sea, its
temperature at various depths, its flora and fauna, as also the
rainfall and the nature and force of prevailing winds, In con-
nection with this subject the American Naval Department has
tiken an important part, under the guidance of Captain Maury

100

and the Agassiz father and son, whilst in this country the per-
sistent labours of Dr. William Carpenter deserve the highest
consideration,

Our knowledge of tidal action has received a most powerful
impulse through the invention of a self-recordiug gauge and
tide-predicter, which will form the subject of one of the discourses
to be delivered at our pre:ent meeting by its principal originator,
Sir William Thom+on; when I hope he wil‘ furnish us with an
explanation of some extiaordinary irregularities in tidal records,
observed some years ago by Sir John Coode at Portland, and
due appareutly to atmospheric influence,

The application of iron and steel in naval construction rendered
the u<e of the compass for some time illusory, but in 1839 Sir
George Airy showed how the errors of the compass due to the
influence experienced from the iron of the ship, may be perfectly
corrected by magnets and soft iron placed in the neighbourhood
of the binnacle, but the great size ..} the needles in the ordinary
compasses rendered the correction of the quadrantal errors
practically unattainahle, In 1876 ~ir William Thoms-n invented
a compass with much small-r needles than those previously used,
which allows Sir George Airy's principles to be applied com-
pletely. With this compass correctors can be arranged so that
the needle shall point accurately in all directions, and these
correctors can be adju-ted at sea from time to time, so asto
elimina e any error which may arise through change in the
ship’s maunetism or in the magnetism induced by the earth
through change of the ship’s position. By giving the compass
card a 1 ng period of free o cihmion great steadiness is obtained
when the ship is rolling.

Sir William Thom:' on has also enriched the art of navigation
by the invention of two sunding machines; the one being
devired for ascertaining great depths very accurately i1 less than
one-quarter the time formerly necessary, and the other for taking
depths up to 135> fathoms without stopping the ship in its
onward course. In both these instruments steel pianoforte wire
is used instead of the hempen and silken Lnes formerly employed ;
in the latter machine the record of depth is obtained not by the
quantity of wire run over its counter and brake wheel, but
through the indications produced upon a simple pressure gauge
consisting of an inverted gla-s tube, whose internal surface i:
covered beforehand with a preparation of chromate of silver
rendered colourless by the sea-water up to the height to which
it penetrates, The value of this instrument for guiding the
navigator within what he calls ‘““soundings’ can hardly be
exaggerated ; with the s unding machine and a good chart he
can generally make out his p sition correctly by a succession of
three or four casts in a given direction at given intervals, and
thus in foggy weather is made independent of astronomical
observations and of the sight of lighthouses or the shore, By
the proper use of this apparatus, such accidents as happened to
the mail steamer Aose/ not a fortnight ago would not be possible,
As regards the value of the deep-rea instrument I can speak
from personal experience, as on one occasion it enabled those in
charge of the Cable s,s, Furaday to find the end of an Atlantic
Cable, which had parted in a gale of wind, with no other
indication of the locality than a single sounding, giving a depth
of 950 fathoms. To recover the cable a number of soundings
in the supposed neighbourhood of the broken end were taken,
the 950 fathom contour line was then traced upon a chart, and
the vessel therenpon trailed its grapnel two miles to the eastward
of this line, when it soon engaged the cable 20 miles away from
the point, where dead reckoning had placed the ruptured end.

Whetber or not it will ever be practicable to determine
oceanic depths without a sounding line, by means of an instru-
ment based upon gravimetric differences, remains to he seen.
Hitherto the indications obtained by such an instrument have
been encouraging, but its delicacy hs been such as to unfit it for
ordinary use ¢n board a ship when rolling. ¥ Al

The time allowed me for addressing you on this occasion is
wholly insufficient to do justice to the great engineering works
of the present day, and I must therefore limit myself to making
a short allusion to a few only of the more remarkable enterprises,

The great success, both technically and commercially, of the
Suez Canal, has stimulated M. de Lesseps to undertake a similar
work of even more gigantic proporlluns, namely, the piercing of
the Isthmus of Panama by a ship canal, 40 miles long, 50 yards
wide on the surface, and 20 yards at the bottom, upon a dead
level from sea to sea, The estimated cost of this work is
20,000,000/,, and more than this sum having been subscribed,
it appears unlikely that political or climatic difficulties will stop
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M, de Lesseps in its speedy accomplishment. 'I'hrough it,
China, Japan, and the who{c of the Pacific Ocean will be
brought to half their present distance, as measured by the length
of voyage, and an impulse to navigation and to progress will
thus be given which it will be difficult to over-estimate,

Side %y side with this gigantic work, Captain Eads, the
successful improver of the Mississippi navigation, intends to
erect his ship-railway, to take the largest vessels, fully laden
and equipped, from sea to sea, over a gigantic railway across
the lsthmus of Tehuantepec, a distance of ninety-five miles,
Mr. Barnaby, the chief constructor of the navy, and Mr. John
Fowler have expressed a favourable opinion regarding this
enterprise, and it is to be hoped that both the canal and the
ship-railway will be accomplished, as it may be safely antici-
pated that the traffic will be amply sufficient to support both
these undertakings.

Whether or not M. de Lesseps will be successful also in
carrying inty effect the third great enterprise with which his
n me has been prowinently connected, the }Iooding of the Tunis-
Algerian Chotts, thereby re-establi hing the Lake Tritonis of
the ancients, with its verdure clad shores, is a question which
could only be decided upon the evidence of accurate surveys,
but the beneficial influence of a large sheet of water within the
African desert could hardly be matter of doubt,

It is with a feeling not unmixed with regret that I have to
record the completion of a new Eddystone Lighthouse in sub-
stitution for the chef-d’@uvre of engineering erected by Jobn
Smeaton more than 100 years ago. The condemnation of that
structure was not, however, the consequence of any fault of
construction, but was caused by inroads of the sea upon the rock
supporting it. The new lighthouse, designed and executed by
Mr,, now Sir James Douglas, engineer of Trinity House, has
been erected in the incredibly short time of less than two years,
and bids fair to be worthy of its famed predecessor. Its height
above high water is 130 feet, as compared with 72 feet, the
height of Telford's structure, which gives its powerful light a
considerably increased range, The system originally suggested
by Sir William Thomson some years ago, of distinguishing one
light from another by flashes following at varied intervals, has
been adopted by the Elder Brethren in this as in other recent
lights in the modified form introduced by Dr, John Hopkinson,
in which the principle is applied to revolving lights, so as to
obtain a greater amount of light in the flash,

The ge Jlogical difficulties which for sometime threatened the
acco nplishment of the St. Gothard Tunnel, have been happily
overcome, and this second and most important sub-Alpine
thoroughfare now connects the Italian railway system with that
of Switzerland and the south of Germany, whereby Genoa will
be constituted the shipping port for those parts,

Whether we shall be able to connect the English with the
French rail «ay system b‘y; means of a tunnel below the English
Channel is a question that appears dependent at this moment
rather upon military and political than technical and financial
considerations, The occurrence of a stratum of impervious grey
chalk, at a convenient depth below the bed of the Channel,
minimises the engineering difficulties in the way, and must
influence the financial question involved, The protest lately
raised against its accomplishment can hardly be looked upon as
a public verdict, but seems to be the result of a natural desire to
pause pending the institution of careful inquiries, These in-
quiries have been made by a Royal Scientific Commission, and
will be referred for further consideration to a mixed Parliamen-
tary Committee, upon whose Report it must depend whether the
natural spirit of commercial enterprise has to yield in this
instance to political and military considerations, Whether the
Channel Tunnel is constructed or not, the plan proposed some
years ago by Mr. Jobn Fowler of connecting England and
France by means of a ferry boat capable of taking railway trains
would be a desideratum justfied by the ever-increasing inter-
communication between this and Countinental countries.

The public inconvenience arising through the obstruction to
traffic by a sheet of water is well illustrated by the circumstance
that both the estuaries of the Severn and of the Mersey are being
undermined in order to connect the railway systems on the two
sides, and that the Frith of Forth is about to be spanned by a
bridge exceeding in grandeur anything as yet attempted by the
engineer, The roadway of this bridge will stand 150 feet above
high-water mark, and its two principal spans will measure a
third of a statute mile each, R(essrs. Fowler and Baker, the
engineers to whom this great work has been entrusted, could

hardly have accomplished their task without having recourse to
steel for their material of construction, nor need the steel used
be of the extra mild quality particularly applicable for naval
structures to withstand collision, for, when such extreme tough-
ness is not required, steel of very homogeneous quality can be
produced, bearing a tensile strain double that of iron,

The tensile strength of steel, as is well known, is the result of
an admixture of carbon with the iron, varying between ggth
and 2 per cent,, and the nature of this combination of carbon
with iron is a matter of great interest both from a theoretical and
practical point of view. It could not be a chemical compound
which would neces itate a definite proportion, nor could a mere
dissolution of the one in the other exercise such remarkable
influence upon the strength and hardness of the resulting metal,
A recent investigation by Mr. Abel has thrown considerable
light upon this question. A definite carbide of iron is formed,
it appears, soluble at high temperatures in iron, but separating
upon cooling the steel %rndunlly, and influencing only to a mode-
rate degree the physical properties of the metal as a whole. In
cooling rapidly there is no time for the ca: bide to separate from
the iron, and the metal is thus rendered both hard and brittle,
Cooling the metal gradually under the influence of great com-

ressive force, appears to have a similar effect to rapid coolinﬁ
in preventing the separation of the carbide from the metal, wit
this difference, that the effect is more equal throughout the mass,
and that more uniform temper is likely to result,

When the British Association met at Southampton on a
former occasion, Schonbein announced to the world his dis-
covcr{ of gun-cotton. This discovery has led the way to many
valuable researches on explosives generally, in which Mr, Abel
has taken a leading part. Recent investigations by him, in con-
nection with Captain Noble, upon the explosive action of gun-
cotton and gunpowder confined in a strong chamber, which have
not yet been published, deserve particular attention, They
show that while by the method of investigation pursued about
twenty ﬁears ago by Karolye (of exploding gunpowder in very
small charges in shells confined within a large shell partially
exhausted of air), the composition of the gaseous products was
found to be complicated and liable to variation, the chemical meta-
morphosis which gun-cotton su-tains, when exploded under condi-
ticns such as obtain in its practical application, is simple and very
uniform, Among other interestinz p.ints noticed in this direction
wa- the fact that, as in the case of gunpowder, the proportion of car-
bonic acid increases, while that of carbonic oxide diminishes with
the density of the charge. The explosion of gun-cotton, whether
in the form of wool or loosely spun thread, or in the packed
compre:sed form devised by Abel, furnished practically the same
re-ults if fired under pressure, that is, under strong confinement
~the conditions being favourable to the full development of its
explosive force ; but some marked differences in the composition
of the products of metamorphosis were observed when gun-
cotton was fired by detonation, With regard to the tension
exerted by the products of explosion, some interesting points
were observed, which introduce very considerable ditficulties
into the investigatioh of the action of fired gun-citton, Thus
whereas no marked differences are obcerved in the tension
developed by small charges and by very much larger charges of
gunpowder having the same density (i.e,, occupying the same
volume relatively to the entirespace in which they are exploded)
the reverse is the case with respect to gun-cotton. Under
similar conditions in regard to density of charge, 100 grammes
of gun-cotton gave a measured tension of about 20 tons on the
square inch, 1,500 grammes gave a tension or about 29 tons (in
several very concordant observations), while a charge of 2°3 kilos
gave a pressure of about 45 tons, this being the maximum mea-
sured tension obtained with a charge of gunpowder of five times
the density of the above.

The extreme violence of the explosion of gun cotton as com-
?m‘ed with gunpowder when fired in a closed space was a
eature attended with formidable difficulties. In whatever
way the charge was arranged in the firing cylinder, if it had
free access to the enclosed crusher gauge, the pressures re-
corded by the latter were always much greater than when
means were taken to prevent the wave of matter suddenly set
in motion from acting directly ugon the gauge., The abnormal
or wave-pres: ures recorded at the same time that the general
tension in the cylinder was measured amounted in the experi-
ment to 42°3 tons, when the general tension was recorded at
20 tons ; and in another when the pressure was measured at 29
ton¢, the wave-pressure recorded was 44 ton: Measurements
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of the temperature of explosion of gun-cotton showed it to be-

about double that of the explosion of gunpowder. One of the
effects observed to be produced by this sudden enormous de-
velopment of heat was the covering of the inner surfaces of
the steel explosion-vessel with a net-work of cracks, small por-
tions of the surface being sometimes actually fractured. ‘lhe
explosion of charges of gun-cotton up to 2°5 kilos in perfectly
closed chambers, with development of pressures approaching to
50 tons on the square inch, constitutes alone a perfec.ly novel
feat in investigations of this class.

Messrs. Noble and Abel are also continuing their researches
upon fired gunpowder, being at present occupied with an
inquiry into the influence exerted upon the chemical metamor-
phosis and ballistic effects of fired gunpowder by variation in its
composition, their attention being direc:ed especially to the dis-
covery of the cause of the more or less considerable erosion of
the interior surface of guns produced by the exploding charge—
an effect which, notwithstanding the application of devices in
the building up of the charge specially directed to the pre:erva-
tion of the gun's bore, have become so serious that, with the
enormous charges now used in our heavy guns, the erosive
action on the surface of the bore produced by a single round is
distinetly perceptible. As there appeared to be primd facie
reasons why the erosive action of powder upon the surface of
the bore at the high temperatures developed should be at any
rate in part due to its one component sulphur, Noble and Abel
have made comparative experiments with powders of usual com-
position and with others in which the proportion of sulphur was
considerably increased, the extent of erosive action of the
products escaping from the explosion vessel under high tension
being carefully determined, ith small charges a particular
powder containing no sulphur was found to exert very little
erosive action as compared with ordinary cannon powder ; but
another powder, containing the maximum proportion of sulphur
tried (15 per cent.), was found equal toit under these conditions,
and exerted very decidedly less erosive action than it, when
larger charges were rcnchc(f: Other important contributions to
our knowledge of the action of fired gunpowder in guns, as well
as decided improvements in the gunpowder manufactured for the
very heavy orduance of the present day, may be expected to
result from a continuance of these investizations. Prof, Carl
Himly, of Kiel, having been engaged upon investigations of a
similar nature, has Jately prolposed a gunpowder in which hydro-
carbons precipitated from solution in naphtha take the place of
the charcoal and sulphur of ordinary powder, this powder has
amongst others the peculiar property of completely resisting the
action of water, so that the old caution, ‘‘ Keep your powder
dry,” may hereafter be unnecessary.;

The extraordinary difference of condition, before and afier its
ignition, of such matter as constitutes an explosive agent leads
us up to a consideration of the aggregate state of jmatter under
other circumstances. As early as 1776 Alexander Volta observed
that the volume of glass was changed under the influence of
electrification, by what he termed electrical pressure. Dr. Kerr,
Govi, and others have followed up the same inquiry, which is;at
present continued chiefly by Dr. George Quincke, of Heidelberg,
who finds that temperature, as well as chemical constitution of
the dielectric under examination, exercises a determining influ-
ence upon the amount and character of the change of volume
effected by electrification ; that the change of volume may under
certain circumstances be effected instantaneously as in flint glass,
or only slowly as in crown glass, and that the elastic limit of
both is diminished by electrification, whereas in the case of mica
and of guttapercha an increase of elasticity takes place.

Still greater strides are being made at the pre:ent time towards
a clearer perception of the condition of matter when particles
are left some liberty 10 obey individually the forces brought to
lear upon them, by the discharge of high tensiun electricity
through tubes containing highly rarefied gases (Geissler's tubes),
phenomena of discharge were produced which were at once
wost striking and suggestive. The Sprengel pump afforded a
means of pushing the exhaustion to limits which had formerly
been scarcely reached by the imagination, At each step the
condition of attenuated matter revealed varying properties when
acted upon by electrical discharge and magnetic force, The
1adiometer of Crookes imported a new feature into these in-
quiries, which at the present time occupy the attention of leading
physicists in all countries,

The means usually employed to produce electrical dis-
charge in vacuum tubes was Ruhmkorfi’s coil ; but Mr. Gassiot

first succeeded in obtaining the phenomena by weans of a
galvanic battery of 3000 Leclanché cells, Dr, De La Rue, in
conjunction with his friend Dr, Hugo Miiller, has gone far
beyond his predecessors in the production of batteries of high
potential, At his lecture ““On the pheiomena of electrical
discharge,” delivered at the Royal Institution in January 1881,
he employed a battery of his invention consisting of 14,4c0 cells
(14,832 Volts), which gave a current of 0'054 Amjére, and
produced a discharge at a distance of o071 inch between the
terminals, During last year he increased the number of cells to
15,000 (15,450 Volts), and increased the current to 0'4 Ampére
or eight times that of the battery he used at the Royal Insti.
tution,

With the enormous poteatial and perfectly steady current at
his disposal, Mr, De La Rue has been able to contribute many
interesting facts to the science of electricity, He bas shown,
for example, that the beautiful phenomena of the stratified dis-
charge in exhausted tubes are but a mcdification and a magnifi-
cation of those of the electric arc at ordinary atmospheric pres-
sure, Phntographj' was used in his experiments to record the
appearance of the discharge, so as to give a degree of precision
otherwise unattainable in the comparison of the phenomena, He
has shown that between two points the length of the spark, pro-
vided the insulation of the battery is efficacious, is as the
square of the number of cells employed. Mr. De La Rue's
experiments have proved that at all pressures the discharge in
gases is not a current in the ordinary acceptation of the term,
but is of the nature of a disruptive discharge, Even in an appa-
rently perfectly steady discharge in a vacuum tube, when the
strata as seen in a rapidly revolving mirior are immovable, he
has shown that the discharge is a pulsating one ; but, of course,
the period must be of a very high order.

At the Royal Institution, on the occasion of his lecture, Mr,
De La Rue produced, in a very large vacuum tule, an imitation
of the aurora borealis ; and he has deduced from his experi-
ments that the greatest brilliancy of aurora displays must be at
an altitude of from thirty-seven to thirty-eight miles—a conclu-
sion of the highest interest, and in opposition to the extravagant
estimate of 281 miles at which it had been previously put,

The President of the Royal Society has made the phenomena
of electrical discharge his study for several years, and resorted
in his important experiments to a special source of electric power,
In a note addressed to me, Dr, Spottiswoode describes the nature
of his investigations much more clearly than I could venture to
give them, He says: ““It had long been my opiniun that the
dissymmeltry thown in electrical discharges through rareficd
gares must be an essential element of every disruptive discharge,
and that the phenomena of stratification might be regarded as
magnified images of features always present, but concealed under
ordinary circumstances, It was with a view to the study of this
question that the researches by Moulton and myself were under-
taken, The method chiefly used consisted in introducing into
the circuit intermittence of a particular kind, whereby one
luminous discharge was rendered sensitive to the approach of a
conductor outside the tube. The application of this wethod
enabled us to produce artificially a variety of phenomena, in-
cluding that of stratification. We were thus led to a series of
conclusions relating to the mechani-m of the discharge, among
which the following may be mentioned : —

1. That a stria, with its attendant dark space, forms a physical
unit of a striated discharge ; that a striated column is an aggre-
gate of such units formed by means of a step-by-step process ;
and that the negative glow is merely a locali ed stria, modified
by local circumstances,

2, That the origin of the luminous column is to be sought for
at its negative end ; that the luminosity is an expre-sion of a
demand for negative electricity ; and that the dark spaces are
those regions where the negative termiual, whether metallic or

aseou;, is capable of exerting sufficient influence to prevent such
emand,

3. That the time occupied by electricity of either name in tra-
versing a tube is greater than tgat occupied in traversing an equal
length of wire, but less than that occupied by molecular streams
(Crooke’s radiations) in traversing the tubes, Also that, espe-
cially in high vacua, the discharge from the negative terminal
exhi{)its a durational character not found at the positive,

4. That the brilliancy of the light with so little heat may be
due in part to brevity in the duration of the discharge ; and that
for action so rapid as that of individual discharges, the mobility
of the medium may count as nothing ; and that for these infini-
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tcsit;ml periods of time gas may itself be as rigid and as brittle
as glass,
5. That strice are not merely loci in which electrical is converted
into luminous energy, but are actual aggregations of matter,
This last conclusion was based mainly upon experiments made
with an induction coil excited in a new way—viz, directly by an
alternating machine, without the intervention of a commutator
or condenser, This mode of excitement promises to be one of
great importance in spectroscopic work, as well as in the study
of the discharge in a magnetic field, partly on account of the
simplification which it permits in the construction of induction
coils, but mainly on account of the very great increase of strength
in the secondary currents to which it gives rise,
These investigations assume additional importance when we
view them in connection with solar—I may even say stellar—
hysics, for evidence is augmenting in favour of the view that
interstellar space is not empty, but is filled with highly attenuated
matter of a nature such as may be put into our vacuum tubes.
Nor can the matter occupying stellar space be said any longer to
be beyond our reach for chemical and physical test, The spec-
troscope has already thrown a flood of light upon the chemical
_ constitution and physical condition of the sun, the stars, the
comets, and the far distant nebule, which have yielded spectro-
scopic photographs under the skilful management of Dr,
Huggins, and Dr, Draper of New York, Armed with greatly
improved apparatus, the phy-ical astronomer has been able to
reap a rich Larvest of scientific information during the short
periods of the last two solar eclipses—that of 1879, visible in
America, and that of May last, observed in Egypt by Lockyer,
Schaster, and by Continental observers of high standing. The
result of this last eclipse expedition has been summed up as
follows :—** Different temperature levels have been discovered
in the solar atmosphere ; the constitution of the corona has
now the possibility of being determined, and it is proved to
shine with its own light, A suspicion has been aroused once
more as to the existence of a lunar atmosphere, and the position
of an important line has been discovered. Hydro-carbons do
not exist close to the sun, but may in space between us and it.”

To me personally these reported results possess peculiar inte-
rest, for in March last I ventured to bring before the Royal
Society a speculation regarding the conservation of solar energy,
which was based upon the three following postulates, viz, :—

1. That aqueous vapour and carbon compounds are present in
s ellar or interplanetary space,

2, That these gaseous compounds are capable of being disso-
ciated by radiant solar energy while in a state of extreme
attenuation.

3. That the effect of solar rotation is to draw in dissociated
vapours upon the polar surfaces, and to eject them after com-
bustion has taken place back into space equatorially.

It is therefore a matter of peculiar gratification to me that the
results of observation here recorded give considerable support to
that speculation. The luminous equatorial extensions of the sun
which the American observations revealed in such a striking
manner (with which I was not acquainted when writing my
paper) were absent in Egypt; but the outflowing equatorial
streams 1 suppose to exist could only be rendered visible by re-
flected sunlight, when mixed with dust produced by exceptional
solar disturbances or by electric discharge ; and the occasional
appearance of such luminous extensions would serve only to dis-
prove the hypothesis entertained by some, that they are divided
planetary matter, in which case their appearance should be per-
manent, Prof. Langley, of Pittsburg, has shown, by means of
his bolometer, that the solar actinic rays are absorbed chiefly in
the solar instead of in the terrestrial atmosphere, and Capt.
Abney has found by his new photometric method that absorp-
tion due to hydrocarbons takes place somewhere between the
solar and terre:trial atmosphere ; in order to test this interesting
result still further, he has lately taken his apparatus to the top of
the Riffel with a view of dimiui-hing the amount of terrestrial
atmospheric air between it and the sun, and intends to bring a
paper on this subject before Section A,  Stellar space filled with
such matter as hydrocarbon and aqueous vapour would establish
a material continuity between the sun and his planets, and
between the innumerable solar systems of which the universe is
composed, If chemical action and reaction can further be
admitted, we may be able to trace certain conditions of thermal
dependence and maintenance, in which we may recognise prin-
ciples of high perfection, applicable also to comparatively
humble purposes of human life,

We shall thus find that in the great workshop of nature there
areno lines of demarcation to be drawn between the most exalted
speculation and common-place practice, and that x}ll knowledg'e
must lead up to one great result, that of an intelligent recogni-
tion of the Creator through His works, So then, we members
of the British Association and fellow-workers in every branch of
science may exhort one another in the words of the American
bard who has so lately departed from amongst us :—

““ Let us then be up and doing,

With a heart for any fate ;

Still achieving, still pursuing,
Learn to labour and to wait.”

SECTION A
MATHEMATICAL AND PHYSICAL

OPENING ADDRESS BY THE RIGHT IJON., LORD RAYLEIGH,
M.A., F.R.S., F.R.A,S, PRESIDENT OF THE SECTION

IN common with some of my predecescors in this chair, I
recognise that probably the most useful form which a presidential
address could take, would be a summary of the progress of
physics, or of some important branch of physics, during recent
years. But the difficulties of such a task are considerable, and
I do not feel mysell equal to grappling with them. The few
remarks which 1 have to offer are of a general, I fear it may
be thought of a commonplace character. All I can hope is
that they may have the effect of leading us into a frame of mind
suitable for the work that lies before us,

‘The diversity of the subjects which come under our notice in
this section, as well as of the methods by which alone they can
be adequately dealt with, although a sign of the importance of
our work, is a source of considerable difficulty in the conduct of
it.  From the almost inevitable specialisation of modern science,
it has come about that much that is familiar to one member of
our section is unintelligible to ancther, and that details whore
importance is obvious to the one fail altogether to rouse any
interest in the mind of the other, T must appeal to the authors
of papers to bear this difficulty in mind, and to confine within
moderate limits their discussion of points of less general interest.

Even within the limits of those departments whose foundation
is evidently experimental, there is room, and indeed necessity,
for great variety of treatment, One class of investigators relies
mainly upon reiterated npreals to experiment to resolve the
questions which appear still to be open, while another prefers,
with Thomas Young, to base its decisions as far as possible upon
deductions from experiments already made by others, It is
scarcely necessary to say that in the present state of science both
methods are indispensable, Even where we may fairly suppose
that the fundamental principles are well established, careful and
often troublesome work is necessary to determine with accuracy
the constants which enter into the expression of natural laws.
In many cases the accuracy desirable, even from a practical point
of view, is hard to attain. In many others, where the interest
is mainly theoretical, we cannot afford to neglect the confir-
mations which our views may derive from the comparicon of
measurements made in different fields and in face of different
experimental difficulties.  Examples of the inter-dependence of
measurements apparently distinet will occur to every physicist.
I may mention the absolute determinations of electrical resis-
tance, and of the amounts of heat developed from electrical and
mechanical work, any two of which involve also the third, and
the relation of the velocity of sound to the mechanical and
thermal properties of air,

Where a measurement is isolated, and not likely to lead to
the solution of any open question, it is doubtless possible to
spend upon it time and attention that might with advantage be
otherwise bestowed. In such a case we may be properly be
satisfied for a time with work of a less severe and accurate
character, knowing that with the progress of knowledge the
way is sure to be smoothed both by a better appreciation of the
difficulties involved, and by the invention of improved experi-
mental appliances. I hope I shall not be misunderstood as
underrating the importance of great accuracy in its proper place
if I express the opinion that the desire for it bas sometimes had
a prejudicial effect. In cases where a rough result would have
sufficed for all immediate purposes, no measurement at all has
been attempted, because the circumstances rendered it unlikely
that a high standard of precision could be attained. Whether
our aim ge more or less ambitious, it is important to recognise
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the limitations to which our methods are necessarily subject, and
as far as possible to estimate the extent to which our results are
uncertain, The comparison of estimates of uncertainty made
before and after the execution of a set of mea urements may
sometimes be humiliating, but it is always instructive,

Even when our results show no greater discrepancies than we
were originally prepared for, it is well to err on the side of
modesty in estimating their trustworthiness, The history of
science teaches only too plainly the lesson that no single method
is absolutely to be relied upon, that sources of error lurk where
they are least expected, and that they may escape the notice of
the most experienced and conscientious worker. It is only by
the concurrence of evidence of various kinds and from various
sources that practical certainty may at last be attained, and com
plete confidence justified. Perhaps Imay be allowed to illustrate
my meaning by reference to a subject which has engaged a good
deal of my attention for the last two years—the absolute measure-
ment of electrical resistance. The unit commonly employed in
this country is founded upon experiments made about twenty
years ago by a distinguished committee of this Association, and
was intended to represent an absolute resistance of 10%, C.G.S,,
i.e, one ohm, The method employed by the committee at the
recommendation of Sir W, Thomson (it had been originally
proposed by Weber) consisted in observing the deflection from
the magnetic meridian of a needle suspended at the centre of a
coil of insulated wire, which formed a closed circuit, and was
made to revolve with uniform and known speed about a vertical
axis, From the speed and deflection in combination with the
m an radius of the coil and the number of its turns, the abso-
lute resistance of the coil, and thence of any other standard,
can be determined,

About ten years later Kohlrausch attacked the problem by
another method, which it would take too long to explain, and
arrived at the result that the B.A, unit was equal to 1°02 ohms
—about two per cent, too large. Rowland, in America, by a
comparison between the steady battery current flowing in a
primary coil with the transient current developed in a secondary
coil when the primary current is reversed, found that the B.A,
unit was ‘991 ohm-, Lorentz, using a different method again,
found 980, while H, Weber, from distinct experiments, arrived
at the conclusion that the B.A. unit was correct. It will be seen
that the results obtained by these highly competent observers
range vver about four per cent. Two new determinations have
lately been mare in the Cavendish laboratory at Cambridge, one
by myself with the method of the revolving coil, and another
by Mr, Glazebrook, who used a modification of the method
followed by Rowland, with the result that the B.A. unit is '986
ohms, I am now engaged upon a third determination, using a
method which is a modification of that of Lorentz,

In another important part of the field of experimental science,
where the subject-matter is ill understood, and the work is
qualitative rather than quantitative, success depends more di-
rectly upon sagacity and genius, It must be admit ed that much
labour spent in this kind of work is ill-directed, Bulky records
of crude and uninter;reted observations are not science, nor
even in many cases the raw material out of which science will be
constructed, The door of experiment :tands always open ; and
when the question is ripe, and the man is found, he will nine
times out of ten find it necessary to go through the work again,
Observations made by the way, and under favourable conditions,
may often give rise Lo valuable suggestions, but these must he
tested by cx‘)erimem, in which the conditions are simplified to
the utmost, before they can lay claim to acceptance.

When an unexpected effect is observed, the question will arise
whether or not an explanation can be found upon admitted
principles, Sometimes the answer can be quickly given ; but
more often it will happen that an assertion of what owght to
have been expected can only be made as the result of an elaborate
di:cussion of the circumnstances of the case, and this discussion
mu t generally be mathematical in its spirit, if not in its form,
In repeating, at the beginning of the century, the well-known
experiment of the inaudibility of a bell rung 7 vacuo, Leslie
made the interesting observation that the presence of hydrogen
was inimical to the production of sound, so that not merely was the
sound less in hydrogen than in air of equal pressure, but that
the actual addition of hydrogen to rarefied air caused a diminu-
tion in the intensity of sound. How is this remarkable fact to
be explained?  Does it prove that, as Herschel was inclined to
think, a mixture of gases of widely different densities differs in
its acoustical properties from a single gas? These questions

could scarcely be answered satisfactorily but by a mathematical
investigation of the process by which vibrations are communi.
cated !%om a vibrating solid body to the surrounding gas. Such
an investigation, founded exclusively upon principles well esta-
blished before the date of Leslie’s observation, was undertaken
years afterwards by Stokes, who proved that what Leslie ob-
served was exactly what ought to have been expected. The
addition of hydrogen to attenuated air increases the wave-length
of vibrations of given pitch, and consequently the facility with
which the gas can pass round the edge of the bell from the
advancing to the retreating face, and thus escape those rare-
factions and condensations which are essential to the formation
of a complete sound wave, There remains no reason for sup-
posing that the phenomenon depends upon any other elements
than the density and pressure of the gaseous atmosyhere, and a
direct trial, ¢.¢. a comparison between air and a mixture of car-
bonic anhydride and hydrogen of like density, is almost su-
perfluous,

Examples such as this, which might be multiplied ad libitum,
show how difficult it often is for an experimenter rightly to
interpret his results without the aid of mathematics, It is
eminently desirable that the experimenter himself should be in
a position to make the calculations, to which his work gives
oceasion, and from which in return he would often receive
valuable hints for further experiment, I should like to see a
course of mathematical instruction arranged with es ecial
reference to physics, within which those whose bent was plainly
towards experiment might, more or less completely, confine them-
selves, Probably ayear spent judiciously on such a course would
do more to qualfy the student for actual work than two or three

ears of the usual mathematical curriculum.  On the other side,
it must be remembered that the human mind is limited, and that
few can carry the weight of a complete mathematical armament
without some repression of their energies in other directions.
With many of us difficulty of remembering, if not want of time
for acquiring, would impose an early limit, Here, as elsewhere,
the natural advantages of a division of labsur will assert them-
selves. Innate dexterity and facility of contrivance, backed by
unflinching perseverance, may often conduct to succe-sful dis-
covery or invention a man who has little taste for spe. ulation ;
and on the other hand the mathematician, endowed with genius
and insight, may find a sufficient field for his energies in inter-
preting and systemati-ing the work of others,

The different babits ot mind of the two schools of physicists
sometimes lead them to the adoption of antagonistic views on
doubtful and difficult questions. The tendency of the purely
experimental school is to rely almost exclusively upon direct
evidence, even when it is obviously imperfect, and to disregard
argnments which they stigmatise as theoretical. ‘The tendency
of the mathematician is to overrate the solidity of his theoretical
structures, and to forget the narrowness of the experimental
foundation upon which many of them rest.

By direct observation, one of the most.experienced and suc-
cessful experimenters of the last generation convinced himself
that light of definite refrangibility was capable of further analysis
by absorption. It has happened to myself, in the course of
measurements of the absorbing power of various media for the
different rays of the spectrum, to come across appearances at
first sight strongly. confirmatory of Brewster’s views, and I can
therefore understand the persi-tency with which he retained his
opinion. But the possibility of further analysis of light of
definite refrangibility (except by polarisation) is almo-t iire-
concilable with the wave theory, which on the strongest grounds
had been already accepted by most of Brewster’s contemporaries;
and in consequence his results, though urgently pressed, failed
to convince the sc'entific world,  Further experiment has fully
justified this scepticism, and in the hands of Airy, Helmholtz,
and others, has shown that the phenomena by which Brewster
was misled can be explained by the unrecognised intru ion cf
diffused light. The anomalies disappear when sufficient pre-
caution is taken that the refrangibility of the light observed shall
really be definite.

On similar grounds undulationists early arrived at the con-
viction that physically light and invisible radiant heat are both
vibrations of the same kind, differing nerely in wave-length ;
but this view appears to have been accepted sfowly, and almost
reluctantly, by the experimental school.

When the facts which appear to conflict with theory are well
defined and lend themselves easily to experiment and repetition,
there ought to be no. great delay in arriving at a judgment,
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Either the theory is upset, or the observations, if not altogether
faulty, are found suvsceptible of another interpretation. The
difficulty is greatest when the necessary conditions are uncertain,
and their fulfilment rare and uncontrollable. In many such
cases an attitude of reserve, in expectation of further evidence,
is the only wise one. Premature judgments err perhaps as much
on one side as on the other, Certainly in the past many extra-
ordinary observations have met with an excessive incredulity, I
may insance the fire-balls which sometimes occur during violent
thunderstorms. When the telephone was first invented, the
early reports of its performances were discredited by many on
quite insufficient grounds,

It would be interesting, but too difficult and delicate a task,
to enumerate and examine the various important questions which
remain still undecided from the opposition of direct and indirect
evidence. Merely as illustrations I will mention one or two in
which I happen to have been interested, It has been sought to
remedy the inconvenience caused by exce:sive reveberation of
sound in cathedrals and other large unfurnished buildings by
stre'ching wires overhead from one wall to another, In some
caves no difference has been perceived, but in others it is thought
that advantage has been gained. From a theoretical point of
view it is difficalt to believe that the wires could be of service,
It is known that the vibrations of a wire do not communicate
themselves in any appreciable degree directly to the air, but
require the intervention of a sounding-board, from which we
may infer that vibrations in the air would not readily communi-
cate them elves to stretched wires, It seems more likely that
the advantage supposed to have been gained in a few cases is
imaginary than that the wires should really have played the
part attributed to them,

The other subject on which, though with diffidence, I should
like to make a remark or two, is that of Prout’s law, according
to which the atomic weights of the elements, or at any rate of
many of them, stand in simple relation to that of hydrogen,
Some chemists have reprobated strongly the importation of
a priori views into the consideration of the question, and main-
tain that the only numbers worthy of recognition are the imme-
diate results of experiment, Others, more impressed by the
argument that the close approximations to simple numbers cannot
be merely fortuitous, nml more alive to the inevitable imper-
fections of our measurements, consider that the experimental
evidence against the simple numbers is of a very slender cha-
racter, balanced, if not outweizhed, by the @ pr7er7 argument in
favour of simplicity. The subject is eminently one for further
experiment ; and as it is now engaging the attention of chemists,
we may look forward to the settlement of the question by the
present generation, The time has perhaps come when a re-
determination of the densities of the principal gases may be
desirable—an undertaking for which I have made some pre-
parations,

If there is any truth in the views that I have been endeavouring
to impress, our meetings in this section are amply justified. 1f
the progress of science demands the comparison of evidence
drawn éom different sources, and fully appreciated only by
minds of different order, what may we not gain from the oppor-
tuuities here given for public discussion, and, perhaps more
valuable still, private interchange of opinion? Letus endeavour,
one and all, to turn them to the best account,

SECTION B
CHEMICAL SCIENCE

OPENING ADDRESS BY PrROF. G. D, LiveING, M.A,, F.R.S,,
F.C.S., PRESIDENT OF THE SECTION

Ir I were asked in what direction chemical science had of
late been making the most important advance, I should reply
that it was in the attempt to place the dynamics of chemistry on
a sati-factory basi¢, to render an account of the various pheno-
mena of chemical action on the same mechanical principles as
are acknowledged to be true in other branches of physics, I
cannot say that chemistry can yet be reckoned amongst what are
called the exact sciences, that the results of bringing together
given matters under given circumstances can yet be deduced in
more than a few special cases by mere mathematical processes
from mechanical principles, but that some noteworthy advances
have 'in recent years been made which seem to bring such a
solution of chemical problems more nearly within our reach,

To show how large a gap in our ideas of chemical dynamics
has been bridged over within the last quarter of a century, I
will quote the words of one of the largest-minded philosophers
of his time, who was one of the earliest promoters of this Asso-
ciation, and its President in 1841; Whewell, in a new and much
altered edition of his * Philosophy of the Inductive Sciences,”
published in 1858, says :—*‘ Since Newton’s time the use of the
word attraction as expressing the cause of the union of the
chemical elements. of bodies has been familiarly continued ;
and has no doubt been accompanied in the minds of many per-
sons with an obscure notion !L’nt chemical attraction is in some
way a kind of mechanical attraction of the particles of bodies,
Yet the doctrine that chemical attraction and mechanical attrac-
tion are forces of the same kind, has never, so far as 1 am
aware, been worked out into a system ‘of chemical theory ; nor
even applied with any distinctness as an explanation of any
particular chemical phenomena. Any such attempt, indeed,
could only tend to bring more clearly into view the entire in-
adequacy of such a mode of explanation. For the leading phe-
nomena of chemistry are all of such a nature that no mechanical
combination can serve to express them without an immense
accumulation of additional hypotheses,” And further on he
says :—*‘‘ We must consider the power which prodaces chemical
combination as a peculiar principle, a special relation of the
elements, not rightly expressed in mechanical terms,” (Hist,
of Scientific Ideas, IL., pp. 13, 14).

The influence by which our ideas have gone round so as to be
now the very opposite of those of the illustrious thinker whom I
have just quoted, so that we should ridicule the thought of lookin
for an explanation of chemical action on any but mechanica
principles, is undoubtedly the progress which has been made in
other branches of molecular physics, The indestructibility of
matter has long been a formula familiar to chemists, but that the
conservation of energy should be as universally true even in
regard to chemical actions, has only in recent years been fully
recognised, This is certainly no new principle, it was developed
mathematically generations ago; but the realisation that it is
anything more than abstraction, that it is the keynote of every
rational explanation of physical phenomena, bas been the
foundation of recent progress in physical science ; and if all
ener%‘y be one, there can be but one code of dynamical laws
which must apply to chemistry as well as all other branches of
physics, The development of the mechanical theory of heat,
and of the molecular theories which have grown up in conse-
quence of it, have done much to set our minds free from pre-
conceived notions, and to induce us to build chemical theories
on something more than unverified conjectures,

But how far can we say that mechanical principles are actually
recognised as the true basis of rational chemistry? So far as I
know no chemist denies that it is so, and yet how little do
our text-books, even the most recent and the most highly
reputed, show the predominance of this idea ! How very small
a portion of such books is taken up with it; how much seems
utterly to ignore it, or to be couched in language which is anta
gonistic to it ! We still find chemical combinations described as
if they were statical phenomena, and expressions used which
imply that two perfectly elastic bodies can by their mutual action
alone bring each other into fixed relative positions. We still
find change of valency described as a suppression of “‘bonds of
affinity,” as if a suppression of forces were the usual course of
nature, or as it it were possible that the same two forces, acting
at the same place and in the same direction, should at one time
neutralise one another, and at another time not neutralise one
another, We still find saturated compounds spoken of, as if the
stability of a compound were independent of circumstances, and
chemical combination no function of temperature and pressure.
Beginners are sometimes helped by the invention of intermediate
reactions in explanation of final results, without any reference to
the dynamical conditions of the problem, without any considera-
tion whether the fancied intermediate reactions imply a winding
up or a running down of energy. In fact ourlong fawiliar
chemical equations represent only the conservation of matter and
to keep always in mind the mechanical conditions of a reaction
is as difficult to some of us as it is to think in a foreign language.
Moreover we still find in many of our text-books the old statical
notion of chemical combination stereotyped in pictures of
molecules. I do not, of course, mean to accuse the distin-
guished inventors of graphic formule of meaning to depict
molecules, for I believe that they would agree with me in think-
ing that these diagrams do not any more nearly represent actual
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molecules than they represent the solar system; but unfortu-
nately we cannot prevent beginners from regarding them as
pictures, and moulding their ideas upon them. They present
something easily grasped by the infant mind, and schoolmasters
are fond of them ; but only those who have each year to combat
a fresh crop of misconceptions and false mechanical notions
engendered by them, can be aware how much they hinder, I
won't say the advance, but the spread of real chemical science.
If it be true that the illustrations of an artist like the late Hablot
Browne give to our conceptions of the characters of a story a
more definite and permanent, though perhaps a much modified
form of what the author of the story intended to portray, it is
equally true that the illustrations by which some, even great
names among us, have tried to make us fancy that we had a true
conception of some natural process have become so fixed in our
minds, as to prevent our realising the true meaning of nature,
What, then, isthe progre:s which I think has [f)ecn made in
physical chemistry? In the first place, notwithstanding the
slowness with which new ideas replace old familiar images, the
molecular theories developed by Clausins, Clerk-Maxwell, Boltz-
mann, and by Sir W, Thomson, have been long enough before the
world to have greatly loosened the hold upon our minds of many
old notions, The rigid, unbreakable, impenetrable atoms of the
Epicurean philosophy made familiar to us by Lucretius always
presented difficulties which were only perhaps exceeded by those
of the elastic atmospheres with which modern philosophers fancied
them to be surrounded ; but now the vortex theory, whether we
think it probable or not, at least gives us a standing ground for
the assertion that the supposed impenetrability of matter and the
curious compound of nucleus and atmosphere which has been
invented to account for elasticity are not necessary assumptions,
The kinetic theory of gases has analysed for us the different
motions of the molecules in a mass of matter, and has facilitated
the conception of the part which heat plays in chemical action,
Hence we have had of late several aitempts to reduce to a form
susceptible of mathematical calculation the problems of chemistry,
Most of these at!emgts have proceeded on the well-known
mechanical principle that the change of #is viva of a system in
passing from an initial to a final configuration is independent of
the intermediate stages through which it may have passed so long
as the external conditions are unaltered ; and on the principle of
the dissipation of energy, that is to say, on the condition that the
state of the system, if it be a stable one, must be such that the
energy run down in reaching it is a maximum, These principles
have been applied successfully to the solution of some particular
cases of the equilibrium between a mixture of chemicals by Wil-
lard Gibbs, Berthelot, and others. By the first-mentioned
principle, all consideration of the intermediate stages by which
the final re ult is reached are avoided. Quite recently Lemoinne
has attacked the same problem on another principle. His
principle is that of an equlibrium of antagonistic reactions in a
mixture of materials, a mobile equilibrium such as we are now
familiar with, dependent on compensating effects ; but he does
not seem able to solve the problem in any great number of cases,
In fact, the difficulty does not now lie so much in expressing
mathematically the conditions of the problem as in the defect of
knowledge which depends upon experiment, And it is just
in this that I think the outlook most hopeful. In some cases the
raticnt work of weighing aud measuring and comparing, which
s necessary to make our theoretic speculations of any substantial
value, has been already done for us., The publication, three
years since, of Berthelot’s essay on chemical mechanics has given
us in a collected form a large quantity of data of the first im-
portance; and now I am glad to say that the long labours of
another worker in the same field, Thomsen of Copenhagen, are
in course of publication in a handy form. I think these two in-
vestigators have done more than any one else of late years
towards making it possible to give to chemistry the rank of an
exact science,  But besides the data which they have supplied to
us, there are others which are yet wanting. For instance, almost
every equation of chemical equilibrium involves an expression
depending on the specific heats of the materials, At present we
do not know enongh of the law of specific heats to be able to
give in most cases a probable value to those expressions ; but
these and other data of the kind do not seem out of our reach,
and we may hope that the same ingenuity and patience which
gained for us so much firm ground in thermal chemistry will
extend it to the uncertain spots where we have yet no solid
foundation.
Further, the laws of dissociation o ably investigated by De-

ville have taught us that the force called chemical affinity, by
which we suppose the atoms of unlike matters are held together
in a compound molecule, follows precisely the same laws as the
force of cohesion, by which particles of a similar kind are united
in molecules, We have long known that the molecules o1
sulphur vapour are broken up into simpler molecules by eleva-
tion of temperature, and condense again when the temperature
is reduced. Other elementary substances behave in a similar
way., We have within the last two or three years learnt that
iodine is in part dissociated by a high temperature from mole-
cules consisting of two chemical atoms into molecules consisting
of only one such atom, and the same is true of chlorine and
bromine, That some such change must occur in iodine and
other metalloids was inferred as long ago as 1864 by the younger
Mitscherlich, He argued that iodine is a compound body from
the fact that it shows two spectra—one similar in character to
those of metallic oxides, and the other similar to the spectra of
metals ; and from the analogy in the behaviour of iodine to a
metallic oxide in giving the one spectrum at one temperature,
and the other at a higher temperature, *‘from this it would fol-
low that iodine at orginnry temperatures and iodine at the tem-
perature of a hydrogen flame must be conceived as two different
compounds, because the spectrum of iodine formed at ordinary
temperatures " ““7.e, the absorption spectrum of iodine vapour ”
““is different from that produced in a hydrogen flame. Also,
‘“that bromine, though it gives no flame spectrum, gives one
spectrum by absorption, nmf another by the electric spark, and
must therefore in its ordinary state be regarded as a compound,”
Also that ““the spectra formed by the flames of selenium, tel-
lurium, and phosphorus, and those of sulphur and nitrogen
given by feeble electric discharges, all have the character of the
iod ne flame spectrum, and these metalloids would therefore, if
the above expressed supposition with regard to iodine be con-
firmed, also be compound bodies” (P4i/, Mag., 1864, p. 188),
Since the paper from which the foregoing sentence is taken was
published, not only the metalloids, but many metals have been
found to give complicated spectra at one temperature, and much
simpler spectra at higher temperatures, Such are the channelled
spectra of sodium and potassium first described by Roscoe and
Schuster, the channelled spectra of silver, bismuth, and other
metals described by Lockyer and Roberts, and the ultra-violet
channelled spectrum of tin recently photographed by Prof.
Dewar and myrelf, But Mitscherlich's hypothesis gives us a
rational explanation of such multiple spectra produced by the
same substance, and it has been accepted in one form or another
by all spectroscopists since he wrote,

Nevertheless, the exi-tence of multiple spectra cannot be
taken as a jroof of allotropic modification, uvless the possi-
bility of a chemical combiration is excluded. The channelled
spectrum which magnesium gives in hydrogen was mistaken by
more than one observer for that of some modification of the
simple metal, until it was shown that magne-ium in nitrogen
and other gases does not give it, provided hydrogen be excluded,
and that its persistence in hydrogen at high temperatures
depends, as it should if due to a chemical combinations,on the
pressure of the gas, If, however, homogeneous molecules are
dissociated by heat, so also are heterogeneous molecules, formed
as we say by chemical combination, split up by elevation of
température, to unite again on cooling or by increase of pressure
within certain limits, Nor is there any essential difference in
character between a chemical compound and an element beyond
that of facility of decomposition. If we could not so easily
resolve them into their constituents, and were to disregard the
characteristic differences of the spectra, no one would suppose
ammonium to be constituted differently from potassium, or
cyanogen from chlorine. Indeed, chemists have long been in
the habit of considering the union of two atoms in a molecule of
ordinary hydrogen or chlorine as a species of chemical combina-
tion, but when we find that the combinations of particles of the
same kind are as definite as those of particles of different kinds,
and that they are both subject to precisely the same mechanical
laws, we are hardly justified in regarding the forces by which
they are preduced as esseatially different. To get rid of a gra-
tuitous hypothesis in chemistry must be a great gain,

But it may be asked why stop here? Why may not the
chemical elements be further broken up b{ still higher tem-
peratures? A priori and from analogy, such a supposition is
extremely probable, The notion that there is but one elemen-
tary kind of matter is at least as old as Thales, and underlies
Prout’s hypothesis that the atomic weights of our elements are
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all multiples of that of hydrogen. This famous hypothesis bhas
gone up and down in the scale of credibility many times during
the present century. ~About seventeen years ago the publication
of Stas’ new determinations of combining numbers, carrried out
on a scale never before attempted, and with all the refinements
which the growth of our knowledge could suggest, was thought
to have given it its deathblow. But a reaction has sct in
si ce that time. The periodic recurrence of the properties
of elements with regulir additions to the atomic weights, like
octaves on a musical scale, put forcibly bhefore us by
Mendelejeff, makes it difficult not to think that there is a
simple relation between the atomic weights, though there may
be causes producing slight perturbations of such a relation,
Quite recently a fresh revision of the combining weights has
been made on the other side of the Atlantic by Prof, F, W.
Clarke, Ie has collected all the determinations made by
different observers, aid after rejecting such as from defective
methods were untrustworthy, has applied to the remainder such
corrections as newer expeliences bave suggested, and then
deduced from the corrected numbers the most probable values
by the methcds of the theory of errors, Prof. Clarle has done
a piece of work of the highest utility, for which chemists must
be grateful ;-nevertheless he has not carried the revision so far
as it might be carried, He has, to begin with, rightly separated
the several sets of observations, and deduced the most probable
number for each set by itself, Lut in combining the various sets
for the final determination of the numbers adopted, he has
treated the results obtained by different methods as if they were
a set of observations all pre:umably of equal value, so that the
most probable numbers cou'd be deduced by the method of least
squares, He has not attempted any discussion of the different
u ethods with a view to an estimate of the relative values of the
results obtained by them, nor made any difference between the
values of the figures deduced from operations on the large scale
employed by Stas, and those arrived at ‘en the small scales of
other observers., Any sort of bandicapping of methods is no
doubt a very difficult und delicate operation, and requires more
than the judgment of an Admiial Rou:, but without it the
question whetber the numbers adopted ave the best obtainable,
will always be an open one. It is, however, a very n teworthy
fact that in almost every ca e the numbers deduced from Stas’
experiments taken by themselves, coincide very closely with the
most probable numbers derived by ths method of least squares
from the whole of the recorded e-timates, On the whole, Prof.
Clarke concludes that Prout’s hypothesis, as modified by Dumas,
is still an open question ; that is 1o say, his fiuval numbers differ
from whole multiples of a common unit by quantities which lie
within the limits of errors of observation and experiment.

Let us turn again to the evidence afforded by our most power-
ful instrument for inspecting the inner con:titution of matier, the
spectroscope. A few years ago Mr. Lockyer supposed that the
coincidence of rays ewitted by different chemical elements, par-
ticularly when those rays were developed in the spark of a
powerful induction-coil and in the high temperatures of the sun
and stars, gave evidence of a common e.ement in the composition
of the metals which produced the coincident rays, Such an
argnment could not be drawn from the coincidences unless they
were exact, and the identity of the lines could only be tested by
means of spectroscopes of great resolving power, By the use of
the well-known Rutherford gratings, #oung, in America, had
found that most of the solar lines which had been ascribed to
two metals were in reality double, an Prof. Dewar and I,
working on the terrestrial elements in the electric are, had found
the actual coincidences to be very few indeed. These observa-
tions, even with a Rutherford grating, were delicate enough ;
but quite recently M. Fievez, of the Brussels Observatory, has
brought to bear on this question a spectroscope of unexampled
power, By combining two of the Astronomer-Royal’s highly-
dispersive half-prisms with a Rutherford grating of 17,296 lines
to the inch, he has oltained a dispersion quadruple that of
Thollon’s combination of prisms. Bringing this to bear on the
sun, he has mapped the solar spectrum from a little below C to
somewhere above F on a :cale one-third greater than that of
Vogel's map, and has not only confirmed the work of Young,
Dewar, and myself, but has resolved some lines which were not
divisible with such dispersive power as we had at command,
This result cannot fail to shake our belief, if we have any, in the
existence of any common constituent of the chemical elements ;
but it does not touch the evidence which the spectroscope affords
us that many of our elements in the state in which we know

them must have a very complex molecular structure. T cannot
illastrate this point better than by the spectra of two of our
commonest elements, magnesium and iron, We have good
reason to think the molecule of magiesinm to be as simple as
that of any of our elements, and its spectrum is one of the
simplest, consi-ting of a series of triplets which repeat each other
in a regular way and are probably harmonically related, and of a
comparatively small number of single lines, of which also some
may be harmonics. The spectrum of iron, on the other hand,
presents thousands of lines distributed irregularly through the
whole length, not only of the visible, but of the ultra-violet
region., Make what allowance you please for unknown har-
monic relations and for lines not reversible, which may not be
directly due to vibrations of the molecules, we still have a
number of vibrations to immense that we can hardly conceive
any single molecule capable of all of them, and are alwost driven
to suppose them to be due to a mixture of differing molecules,
though as yet we have no independent evidence of this, and no
satisfactory proof that any of this mixture is of the same kind
as occurs in other elements,

M. Fievez's combination is a great advance in resolving power,
but Prof, Rowland, of the Johns Hopkins University, promises
us gratings not only exceeding Rutherford’s, both in diwensions
and accuracy of ruling, but ruled upon curved surfaces, so as to
dispense with the use of telescopes and avoid all variations of
focussing the different orders of spectra, His instruments, if
they come up to the promise he holds out, will enable us to
solve many questions which are difficult to answer with onr
[ resent appliances,

But to return to the chemical elements : the spectroscope has
in the last few years revealed to us :everal new metals, I will
not venture to say how many ; for when several new metals more
or less closely allied are discovered at the same time, the process
of sifting out their differences is necessarily a slow one, We
cannot tell yet whether any of them are to fill gaps in Men-
delejefi’s table, and s» add strength to the conviction that
there is a natural relation between the atowic weigh's and
the chemical characters of our elementary substan es; or
whether they will add to the embarras ment in which we already
find ourselves with regard to the relations of the cerinm group of
metals ; whether we may welcome them as the supjorters of
order, or deprecate their coming as authors of confusion.
Granting that the chemieal characters of an element are con-
nected with its atomic weight, we have, however, no right to
assume them to be dependent on that factor alne. Why may
there not be elements which, while they differ as little in atomic
weight as do nickel and cobalt, are, on the other hand, s»
similar to one another in all characters, that their chemical
separation may be a matter of the greatest difficulty, and ther
difference only distinguishable by the spectroscope? The spectra
may be thougzht to suggest o much, and how shall we decide the
question? At any rate the complications of the spectroscopic
problem are such as can ouly be unravelled by the united efforts
of chemists and physicists, and by tte exercise of cxtreme
caution,

I cannot dismiss the subject of chemical dynamics without
allading to the ingenious theory by which the President of the
Association has proposed to account for the conservation of solar
energy. He supposes planetary space to be pervaded by an
atmosphere which, except where it is condensed by the attiac-
tion of the sun and planets, is in a highly attenuated state.  The
sun and planets communicate some of their own motion of rota-
tion to the atmosphere condensed about them, and he supposes
thatin this way an action like that of a blowing fan is set up, b
which the equatoreal part of the sun's atmosphere acquires such
a velocity as t) stream out to distances beyond the earth’s orbit,
while an equal quantity of gas is drawn in atthe ypoles to maintain
equilibr um, The gases thus driven to a distance in glanctary
space will of course be enormously expanded and highly atten-
nated, and in this state Dr. Siemens thinks that such of them as
are compound may be decomposed by absorbing the solar radia-
tion, and thus the kinetic energy of solar radiation be converted
into the potential energy of chemical separation, The sepa-
rated elements or partial compounds will, in the circulation pro-
duced by the fanlike action of the solar rotation, be carried back
to the polar regions of the sun as fuel to maintain his tempera-
ture by condensation and re-combination. I will not discuss the
mechanical part of this theory farther than to remark that the
fan-like action can only be carried on at the expense of the
energy of the sun’s rotation, which must be in consequence con-
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tinually diminishing, and must in time become too slow to
produce any sensible projection of the atmosphere into distant
regions of planetary space, As to the chemical »ide of the theory,
Dr. Siemens supposes the gases which pervade the planetary
space to be not only of the same kind as the components of our
own atmosphere, which, on the kinetic theory of gases diffuse
through that space, but also such gases as are not found in
our air, but are found occluded in meteorites which may be
supposed to have acquired them in their previous wanderings,
Amongst these he specially mentions hydrocarbons which form
the self-luminous part of most comets, It is to these gases,
together with aqueous vapour, and carbonic acid, that he ascribes
the principal part in the conservation of solar energy. That
compound gases at the extremely low pressure of the planetary
space are decomposed by solar radiation is not inconsistent with
the laws of disso.iation, for it is quite possible that some com-
pounds may be decomposed at ordinary temperatures by mere
reduction of pressure, and the radiation absorbed will be the
more effective, because it will directly affect the vibratory motion
within the molecule, and may well produce chemical decomposi-
tion before it can, when the free path of the molecules is so much
increased by the attenuation of the gas, assume the form of an
increased temperature, Dr, Siemens, moreover, adduces a
remarkable experiment in confirmation of his supposition. We
know, too, the power which our atmosphere, and especially the
water vapour in it, has of absorbing the infra-rel rays, and that
amongst the Fraunhofer lines some of the strongest groups are
due to aqueous vapour, and the capital observation made by the
spectroscopic observers at the last total eclipse, that the group
of lines known as ‘“B,” which is one of those produced by
aqueous vapour, is greatly strengthened when the sun’s light
passes by the edyge of the moon ani so throuh the lunar atmo-
sphere, may be taken as a confirmation of the theory that gases,
like our atmosphere, are diffused through space and concentrated
about the planets, But if it be true that the compounds are
decomposed by absorbing the sun’s rays, we ouzht to find in our
atmosphere the products of decomposition, we ought to find in
it free hydrogen, carbonic oxide, and acetylene or some other
hydrocarbons. The hydrogen from its small specific gravity
would not be concentrated in the lower regions of our atmo-
sphere in the same proportion as the denser gases, bat carbonic
oxide and hydrocarbons could not fail to be detected in the air if
they formed any sensible proportion of the gases in the planetary
space, That a large portion of the solar radiation is intercepted
before it reaches the earth, is no doubt true, for there are not
only the dark bands which are increased by our atmosphere, and
may reasonably be attributed in part to the action of like gases
pervading the space between us and the sun, but there is a con-
tinuous absorption of the ultra-violet spectrum beyond the line
U, and Cornu has found that this absorption is not sensibly
affected by our atmosphere, so that the substance, whatever it
may be which produces it, may be an agent ia the process
imagined by Dr. Siemens, but cannot be the means ot restoring
to the sun any portion of the radiant energy which reaches our
distance from him,

Dr, Siemens expl ins the self-luminous character of comets by
the theory that the streams of meteoric stunes, of which they
are supposed to consi-t, bring fron stellar space hydrocarbon
and other gases occluded within them ; and that in cons:quence
of the rise of temperature due t» the frictional resistance of such
a divided mass moving with enormous velocity, aided by
attractive condensation, the occluded gases will be driven out
and burnt, the flame giving rise to the original lizht emitted by
the nucleus. Now the spectrum of most comets shows only the
principal bands of a Bunsen burner, and is therefore adequ itely
explained by the flame of gas containing hydrocarbons, such as
have been found in meteorites, But Dr, Husgins has observed
in the spectrum of more than one comet not only hydrocarbon,
but cyanogen bands, and, although carbon and nitrogen com-
bine readiff'y in the electric arc, a coal gas flame in air shows no
trace of the spectrum of cyanogen, and it would certainly put
some strain on our credulity if it were asserted that cyanogen
were one of the gases brought ready-formed by meteorites from
stellar space, Prof. Dewar and I have, however, recently shown
that if nitrogen already in combination, as, for instance, in am-
monia, be brought into a hydrocarbon flame, cyanogen is pro-
duced in sufficient amount to give in a photograph (but not
80 as to be directly visible) the characteristic spectrum of cyano-
gen as it appears in the comets, It is therefore no longer neces-
sary to make any other supposition to account for the cyanogen

bands in the spectra of comets than that ammonia or some such
compound of nitrogen is present, as well as hydrocarbons in a
state of ignition,

Quite recently Dr. Huggins has observed that the principal
comet of this year has a spectram of an entirely different cha-
racter, but he is not yet able to say to what elements or com-
pounds it is probably due. The notion that comets may bring
us news of distaut parts of stellar space, towards which our
system is driving, where the atmosptere is not like ours, oxygen
and nitrogen, but hydrogen and hydrocarbons, may fascinate the
fancy, but the laws of occlusion oblige us to think that the
meteorites have not merely wandered throuzh an attenuated
atmosphere of hydrogea an 1 hydrocarbons, but have cooled in a
much denser atmosphere of these substances, which we can only
conceive as concentrated by the presence of a star or some large
agyregation of matter., They may perchance have come from
some nebulous mass, for Draper and Huggins tell us that in the
great nebula in Orion, hydrogen is dense enough and hot enough:
to show some of its characteristic lines, besides the I line, which
is seen in other nebulw, and is the last to disappear by reduction
of density. No comet on visiting our system a second time can
repeat the exclusion of its occluded gaszs unless its store has
been replenished in the interval, and it will be interesting to.
see when Halley's comet next returns, whether it shines only by
reflected light, or gives us, like so many others, the banded
spectrum of hydrocarbons,

SECTION D
BIOLOGY
OPENING ADDRESS BY ARTHUR GAMGEE, M.D., F.R.S.,
BRACKENBURY PROFESSOR OF PHYSIOLOGY IN OWENS.
COLLEGE, MANCHESTER, PRESIDENT OF THE SECTION.

On the Growth of our Knowledge of the Function of Secretion,,
to which is prifixed a Brief Skeich of the Writings of the late
Professor Francis Maitland Balfour,—~When the Council of the
British A-sociation did me the honour of asking me to preside
over this section, it occurred to me that a snitable subject for the
presidential address would be a Survey of the Growth of oar
Knowledge of the Function of Secretion ; for no subject, which
has recently been the object of minute study by animal physi-
ologists, is more likely to interest all devoted to biological
pursuits, however diverse, I accordingly propose to direct your
attention, for the greater part of the time at our disposal to-day,
to what appears to me to be the most important and the most
interesting of the researches bearing on this subject.

Before, however, entering upon the proper subject of this.
address, it would ill become me as president of this section were
1 not to speak to you, however imperfectly, of two great losses
which we have sustained, and which have saddened, and still
sadden, the hearts of many of us, The year 1882 will long be
memorable, and sadly memorable, as a year during which
English biology sustained irreparable losses, So much has lately
been written concerning that veteran in science, Charles Darwin,
who will figure in the history of the human intellect with such
wen as Socrates and Newton, that I feel no words of mine are
needed to add to your sentiments of admiration and respect, He
has made for himself an imperishable reputation as one of the
subtlest, most patient, and most trathful observers of natural
phenomena, His powers as an ob erver were, however, almost
surpassed by his ingenuity as a reasoner, and his power to frame
the hypotheses most apt, in the actual state of science, to re-
concile all the facts which came within the range of his obssrva-
tion. We remember the time when the name of Charles Darwin,
and the mention of the theories comnected with his name,
awakened, on the part of many, sentiments of antagonism and
of unreasonable opposition, But we have lived t> witness, what
I may term, a great reparation. Iven those who did not know
the man, and hle qunﬁties of mind and heart which endeared
him to so many, have come to recognise that in his work he was
actuated by a single-hearted desire to discover the truth ; and,
after calm reflection, they have conceded that his studies and
his views like all studies and all views which are based upon
the truth, not only are not irreconcilable with, but add
to our conceptions of, the dignity and glory of God.
And here I may be allowed to remark that it is impossible
to study the writings of Darwin, and especially the one
in which he treats of ‘“The Descent of Man,” without
recognising an undercurrent of reverent sentiment, which in one
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or two places finds expression in words telling us that man
differs from the animal creation, if not in phyxica‘f characteristics
which cannot be bridged over, at least in moral attributes and in
the *“ ennobling belief in God,"” by his power of forming that
conception of the Deity which, to use Darwin’s own words, is,
““the grand idea of God hating sin and loving righteousness,”
(*“The Descent of Man and Selection in Relation to Sex,”
Second edition (1874), page 144.)

We cannot help mourning for our great ones, though they be
taken from us in the fulness of years, and when their labours
have been so numerous and so productive that we marvel that
they have been able to achieve so much within the span of a
single life ; but our grief is immeasurably greater when the man
of genius is taken from us in the plentitude of strength, as
it were upon the threshold of a life full of extraordinary
promise,

Francis Maitland Balfour, whose sudden death has so recently
cast a gloom over us all, was a man who appeared destined to
advance our knowledge of animal development more than it had
been advanced by the labours of any one of his predecessors,
His death recalls the train of thought which we have pursued
when reflecting upon the lives and works of such men as Mayow
and Bichat, Gerhardt and Clifford. If so much could be achieved
in so short a life, what great benefits would science not have
derived, what remarkable steps in advance might not have been
made, had it been given to these great minds to work on for the
good of their race during a lifetime of ordinary length. It must

e sufficient for us that it was destined otherwise; and, in
mourning for our departed friend, we may at least reflect that
we would not have him less worthy of our admiration in order
that we might mourn him the less,

THE RESEARCHES OF FRANCIS MAITLAND BALFOUR.

At the risk of having to be somewhat brief in my discussion of
the subject proper of this address, I must yield to the impulse
which leads me to give you some account o¥ Balfour's work.!

Having been educated at IHarrow, Balfour entered Trinity
College, Cambridge, in the year 1870, His friend and master,
Michael Foster has told us how, from the very first, besides
engaging in systematic studies which he was able to pursue with
no small degree of success, he devoted himself with passion
to original research. At the very outset Balfour engaged in
work which led to speculations of a fandamental and far-seeking
nature, and of the three embryological papers, (Studies from the
Cambridge Physiological Laboratory, Part 1., 1873. Quarterly
Sournal of Microsopical Science, vol. xiii., 1873.) which he wrote
before taking his degree, two related to questions which occupied
his attention in a special manner to the end, One of these, *‘On
the Development and Growth of the Layers of the Blastoderm,”
contains several statements not afterwards maintained ; for in-
stance, as to the independent origin of the mesoblast in the
<hick, where it is said *‘ neither to originate from the epiblast
nor from the hypoblast, but to be formed coincidentally with the
latter, out of apparently similar segmentation cells,” The other,
“On the Disappearance of the Primitive Groove in the Chick,”
calls attention to, and corroborates Dursy's discover{ of seven
years before, and closes with a sugge:tion of the great hypothesis
(afterwards elaborated) that the primitive streak is a lingering
remnant of the blastopore, Balfour also wrote whilst an under-
graduate “On the Development of the Blood-vessels in the
Chick,” but it may be doubted whether he advanced our
knowledge of this obscure subject.

The ** Elements of Embryology,” by Michael Foster and
Balfour, appeared (1874) shortly after Balfour had taken his
degree (1873), and Foster has generously recorded how great was
the part his pupil took in the production of this book, The
month after taking his degree he made his first journey to Naples,
and it was whilst working there that he entered upon his remark-
able investigation on the development of Elasmobranchs, The
natural outcome of Gegenbauer’s exposition (Gegenbauer, *“ I'as
Kopfskelett der Selachier,” 1872) of the primitive character of
this group was that increased intere:t should attach to all re-
searches on its embryology. To an introductory account of the
embryology of Elasmobranchs (Quarterly Fournal of Microscop-
ical Science, vol. xiv., 1874.) Balfour owed, I believe, his fellow-
ship at Trinity College, and from that time onwards until 1878
he pursued the investigation at Naples and in Cambridge. The

* In the preparation of this part of my address I have been very greatly

aided by one of Balfour's pupils, my nephew, I)'Arcy W, Th
Scholar of Trinity Coll:ge. PR 0d 3 P 3 st el

collected results appeared in 1878, as ‘“ A Monograph on the
Development of Eﬁlsmobranch Fishes.” No research upon a
limited group ever contained more numerous or more wide
generalisations, extending over the whole domain of vertebrate
embryology. I may dwell for a few moments upon some of its
most interesting sections,

The structures which we are now familiar with as ‘‘head-
cavities” are described for the first time, and named ; their
relation to theleranial nerves and their resemblance or equivalence
to the muscle plates of the body are pointed out ; and Balfour
seizes upon their value in throwing light upon the great problems
of the segmentation of the head and the segmental value of the
cranial nerves, In particular the sthnerve and the 7th, with the
auditory, are specified as the segmental nerves of the mandibular
and hyoid segments, The short, but very important, notice of
the S{mpnlhetic system showed that its ganglia developed on
branches of the spinal nerve, and that it was therefore a product
of the epiblast (‘‘ Elasmobranch Fishes,” p. 172.) The primitive
features of the mesoblast and notocord and their hypoblastic
origin are described, (‘‘ Elasmobranch Fishes,” pp. 49, 83, 92,
104.) and furnish material for the comparison afterwards institu-
ted in the ‘‘ Comparative Embryoclogy” (vol. ii., pp. 243, 246.)
between their development in Elasmobranchs and their still more
primitive origin in Amphioxus, as diverticula of the archenteron.
A very able chapter on excreto: organs concludes this monograph.
This subject had engaged Bnl?:)ur s attention very early, and bis
introductory account of Elasmobranch Development contains his
discovery of segmental organs in Elasmobranchs,—a discovery
made independently but simultaneously by Professor Semper.
These organs are shown to develop in the mesoblast, and are
compared with the segmental organs of annelids,

A paper published in 1876 gives a singularly clear and thorough
résumé of our knowledge of the development of the urino-genital
system ; and the diagrams there given, illustrating the homologies
of the male and female urino-genital organs, are wonderfully
simple and instructive, Shortly after the publication of this
paper, Balfour became a Fellow of the Royal Society, for which
he received a Royal Medal in 1881.

Among the interesting points that Balfcur had made clear in
connection with the spinal nerves of Elasmobranchs, was the
fact that the anterior and posterior roots arise alternately, and
not in the same vertical plane. He sought for an explanation of
this in Amphioxus at Naples, in 1876, Owsjannikow and Stieda
had discovered that the nerves of the oppotite sides in Amphioxus
arise alternately, and Stieda further stated that the nerves of the
same side arise alternately from the dorsal and ventral corners of
the cord. Stieda considered that two adjacent nerves were
together equivalent to a single spinal nerve of higher vertebrates.
Balfour (Fournal of Anatomy and Physiology, vol. x., 1876.)
found no trace of difference of level in the origin of nerves on
the same side, 7.e. he denied the existence of ventral or anterior
roots ; and afterwards, in investigating the cranial nerves of
higher vertebrates, and being unable to find any trace of anterior
roots, he framed the bold hypothesis (“ Elasmobranch Fishes,”
p. 193, ‘“‘Comparative Embryology,” vol, ii., p. 380.) that the
head and trunk had been differentiated from each other at a time
when mixed motor and sensory posterior roots were the only
roots present, and that cranial and spinal nerves had been inde-
pendently evolved from a common ground-plan,

Balfour's investigation of the development of the ovary was
incomplete when his work on Elasmobranchs appeared ; and he
continued to work at this subject, both in Elasmobranchs and
Mammals, publishing upon it in 1878 (Quarterly Fournal of
Microscopical Science, vol, xviii,, 1878.) A paper published in
the same year, on the ‘‘Maturation and Impregnation of the
Ovum,” contained the very ingenious suggestion that the castin
out of the polar bodies prevents the ovam developing by itsel
into a new individual, #.e, prevents parthenogenesis; and Balfour
points out that parthenogenesis is practically confined to the
arthropoda and rotifera, which are the only two groups in which
polar bodies are not known to occur,

Balfour still continued, now in conjunction with Sedgwick, his
researches on the urino-genital system, and described, among
many other new points, the existence of a head-kidne
(pronephsrog) in the cﬁick (Proceedings of the Royal Society, vol,
xxvii,, 1878).

In this ;ear, Balfour also investigated (Quarterly Fournal of
Microscopical Science, vol. xix., 1879.) the early development of
Lacerta, and pointed out the presence of a primitive streak and
of a neurenteric canal, This investigation confirmed his belief
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in the hypothesis previously quoted that the primitive streak is
the relic of a blastopore.

At this time Balfour was working hard at his text-book of
** Comparative Embryology.” His published papzrs were no less
numerous than before, but consisted in part of extracts from the
more speculative chapters of the forthcoming book. He, however,
published a paper, (Quarterly Fournal of Microscopical Science,
vol, xx., 1880,) containing the results of work scattered over two
years, on the.development of Spiders, He also published a
paper (Proceedings of the Zoological Society, 1881.) on the
skeleton of the paired fins, based upon his work on Elasmo-
branchs. In this he contests th: views of Gegenhbaner and
Huxley, th t the primitive fin consists of a central multi-segmented
axis with many lateral rays, and is most nearly retained in
Ceratodus ; he rather considers the primitive form to be a
longitudinal bar running al mz the base of the fin (basipterygium),
and giving off at right angles a series of rays which pass iuto the
fin. He adheres to the view expressed in the ** Elasmobranch
Fishes,” (p. 101.) that the vertebrate limbs are remnants of two
continuous lateral fins,

Another impirtant paper of the same year dealt with the
placenta, Balfour .su{:posed that in the primitive Placentalia,
simple feetal villi, like those of the pig, projected from the
discoidal allantoic region of the chorion into uterine crypts.
The deciduate discoidal placenta of Rodents and Insectivores
is the first stage in advance of this primitive type. Then alonz
different lines diverge the zonary placenta of Carnivora, and the
diffuse placenta of Suidee, Lemuridw, &c.; and the latter
becomes contracted down to the di coidal placenta of man, a
form in no way to be confounded with the primtive discoidal
placenta of Rodents, [ " ]

He engaged also, in conjunctin with Mr. W, N. Parker,
in a very important research; to be published in full in the
“‘Philosophical Transactions,” on the “Structure and Develop-
ment of Lepidosteus.” This paper contains an immense amount
of new matter, both anatomically and embryological, and shows
that Lepidosteus, though a rtrue ganoid, has very marked tele-
ostean affinities.

Balfour’s last published paper, (Quarterly Journal of Micro-
scopical Science, vol. xxii.,, 1882.) which appeared during his
recent illness, was written with the as istance of Mr, Dcigﬁton,
and related to the germinal layers of the chick, This paper
describes, in a very beautiful way, the double origin of the
mesoblast, partly from an axial strip of epiblast in the line of
the primitive streak, ani partly as two lateral plates differentiated
from the hypoblast in front of the primitive streak.

Before his last, fatal journey, Mr. Balfour was engaged in
preparing a new edition of the ‘“Elements of Embryolozy,”
and in producing a very elaborate memoir on the ¢ Anatomy
and Development of Peripatus,” He had previously investi-
gated that animal, in 1879, and had cleared up the matter of its
segemental organs (overlooked by Moseley), and demonstrated
the presence of ganglia on its ventral nerve-cords.

r. Balfour became a member of this Association in 1871,
the year after he entered Trinity College. At the brilliant
Belfast meeting in 1874 he read his first paper before the
Association on FElasmobranch Fishes; and this paper and
Balfour’s share in the keen discussion which followed are still
remembered with admiration by many, In 1880, at Swansea,
he delivered an address, as Chairman of the sub-section of
Anatomy and Physiology, dealing with the mutual services
rendercd by the evolution theory to embryology, and by embryo-
logy t» the evolution theory, with special reference to the
developmental history of the nervous system. In 1881, he was
appointed one of the two General Secretaries.

But the great text-book of comparative embryology (*‘ Com-
parative Embryology,” vol. i., 1880, vol. ii. 1881) is the real
monument of Balfour’s fame. It is impossible to convey an
idea of the merits of this book. It grappled with the enor-
mous mass of scattered literature upon the subject, and formed
itall into & consecutive account, clear and accurate. Discordant
statements were weighed and estimated, frequently brought
into harmony by an ingenious explanation or by a new and
crucial ohservation, Countless invcsligations were repeated
and verified, and countless sugge-tions of important work, that
still remains Lo be done, make the book as valuable to the
savant as to the student, Among the chapters (‘‘ Comparative
Embryology,” vol. ii., chap. xi, xii. xiii.) most remarkable fir
broad and philosophic generalisations are those dealing with the
“Ance-trarF orm of the Chordata,” ¢ Larval Forns,” and the

“Origin and Homologies of the Germinal Layers,” Balfour
accepts the gastrula as a stage in the evolu'ion of the metazoa,
and leans somewhat to invagination, as the more primitive pro-
cess than delamination in the production of the gastrula, He
shows distinctly that the mesoblast arose in the fir-t instance,
not independently, but as a differentation from the other two
layers, and that the mesoblast is a homologous structure
throughout the triploblastic metazoa., In the chapter on
“‘ Larval Forms” he gives num :rous reasons and arguments for
a larval development repeating the ancestral history, better and
more fully than a faral development ; he reviews the types of
larvee (discriminating six types), the cases tending to produce
secondary changes in larvae, and suggests, as a hypothesis for
the passage from the radial to the bilateral type, that in a
pilidinm-ilke larva the oral face elongated unequally, an
anterior part forming a pree-oral lobe, and a posterior outgrowth
the trunk, while the aboral surface became the dorsal surface.
He suggests that adult Echinodermata have retained, and not
secondarily acquired, their radial symmelry, and considers a
radially symmetrical organism, like a medusa, as the prototype
of all the larval forms above the ccelenterates, Bal}our does
not admit the specially close relationship of the Chordata with
the Cheetopods, which Dohrn and Semper maintain; but con-
siders that the Chordata descended from a stock of segmented
worms derived from the same unsegmented types as the
Cheaetopo Is, but in which two lateral nerve-cords like those of
the nemertines coalesced dorsally instead of ventrally, He con-
siders that the mouth in ancestral Chordata was suctorial, and
was not formed, as Dohrn supposes, by the coalescence of two
visceral clefts, Finally, Balfour draws up a scheme of the
phylogeny of the Chordata, according to which the hypo-
thetical protochordata, with a notochord with a suctorial mouth
and very numerous gill-slits, acquired one by one, vertebree, jaws,
an air-bladder, a pentadactyl limb, an amnion : each new acces-
sion characterising a hypotf;cticul protogroup, from which some
existing group is supposed to have diverged.

Those of my hearers who had not followed Balfour, scientific
labours, but who merely knew him as one of the most respected
workers in the field of biology, will I trust, even from my brief
sketch, have formed some idea of the activity and originality of
his mind, and will understand how his death has occasioned a
feeling almost akin to despair, in that he occupied a place which
it appears to us now impossible to fill. ‘* How are the mighty
fallen, and the weapons of war perished ! ”

ON THE GROWTH OF OUR KNOWLEDGE OF THE PROCESS OF
SECRETION IN THE ANIMAL KINGDOM,

The Views of the Ancients.~1It was known to the ancients
that organs of the body exist which are concerned in the
separation from it of excrementitious substances, although the
greatest doubts prevai'ed as to the organs to which such functions
should be ascribed. Thus we find Hippocrates defining it as
characteristic of glands that they occur in moist parts of the
body ; but showing his ignorance of the true relations of glands
to secretion by connecting them with the formation of hairs, and
discussing the question which we find our own Wharton debating
again in the seventeenth century, and which he formulates,
“Num cerebrum ad glandularum numerum vel viscerum
accedat,” The general opinion of the ancients, and the opinion
which was adopted and by Galen, was that the glands were
sieves or collanders (cola), which served to strain off from the
blood purely excrementitious substances, The liver and kidneys
were stranzely enough removed from the group of glands and
placed amongst the viscera, The first writer who appears
systematically to have treated of the glands was the before-
mentioned Wharton in his ‘“ Adenographia sive glandularum
totius corporis descripti»,” Although this author certainly added
to the existing knowledze of the descriptive anatony of secreting
organs, his views on the functions of glands were strangely
fanciful and erroneous,

The glinds he considered to be especially related to the
nervous system, the viscera, so-called, to the blood-vessels ; such
glands as the pancreas, and the salivary and lachrymal glands
being engaged in separating excrementitious substances from the
nervous system., It was in 1665 that the great anatomist
Mal, ighi (*“ Exercitatio Anatomica de Renibus”) first attempted
to investigate the structure of glands in a truly scientific spirit,
endeavouring to establish a relationship between simple glaadu-
lar follicles and such complex glands as the liver, All glands he
believed to contain as ultimate elements bodies which he termed
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““acini,” a word which in its primitive classical sense has been
used to designate the stone or seed of the grape or the grape
itself, The conception, indeed, which Malpighi formed of an
““acinus” was rather that of a secreting nodule than of an
ultimate saccular or tubular recess. The **acini,” however, he
believed to be in communication with the efferent ducts of the
glands to which they belonged, and through which they poured
out their proper secretion, derived in the first instance from the
blood contained in minute arteries supplied to the gland, Ruysch
(1696), known as the first celebrated injector of blood-vessels,
finding that frequently the fluids which he forced into the blood-
vessels of glands escaped through their ducts, or made their
way into the surrounding tissues, concluded that the blood-vessels
communicated directly with the interior of the glands ; these he
held to be organs which, according to the views that had long
revailed, merely strained off’ from the blood certain of its more
iquid constituents. The views entertained by the most eminent
of the supporters,of Ruysch, the illustrious Haller were expressed
by himas follows, After defining the term *‘acinus ' to signify the
ultimate division of a gland, he remarks that *“ the acini consists
©of congeries of vessels, bound firmly together with the cellular
web, containing an excretory duct in their interior, which com-
mences from the most minute arteries by small ducts impervious to
the blood. . . . So that secretion differs from the ordinary circu-
lations of the blood in this particular, that the smallest arteries are
continuous with veins of equal or greater size, capable therefore
of receiving the blood, whilst the excretory ducts are much
smaller, in order to effect the separation of the secretion.”
(Haller, p. 275.) The advocates of the Ruyschian theory
were compelled to have recourse to the most improbable hypo-
theses to explain the diversity of the secretions of different glands,
as, for example, that different glands secrete different liquids,
because of the difference in the diameters of the pores by which
the blood-vessels communicate with the glands ; that the different
arrangement of blood-vessels, the mode in which they divide, the
resistance which they offer to the flow of blood through them; by
modifying the pressure and velocity of the blood-flow through
the organ, induce secretions varying in character. It is strange
to learn from Haller, as was indubitably the fact, that the great
majority of his contemporaries, such men as Peyer and Vieussens,
and even Boerhaave, adopted the Ruyschian view of the struc-
ture of glands, The opposition to Ruysch came first from
Ferrein (Ferrein, *‘ Sur la Structure des Glands,” &e., Mémoires
de ' Acad, Roy. des Sciences de Paris, 1749), who maintained
that the kidneys essentially consist of an assembla e of convoluted
tubes, which he looked upon to be the seat of the renal secretion
~tubes which a subsequent investigator, Schumlansky (Schum-
lansky, ‘“ Dissertatio Inaugur, Anatomica de Renum structurd,
A gentoreti, 1880), looked udon as taking their origin in the
-acini of Malpighi, to which he referred the active part in secre-
tion, Then followed the researches of Mascagni and Cruickshank,
who found, by injecting quicksilver into the mawmary glands,
thati the ramification of the ducts of this organ terminate in
racemose follicles ; though Mmca(ini still admitted a connection,
by means of open pores, between thesides of the glandular blood-
vessels and ch interior of the glands themselves, It was
aunquestionably  Professor £. H, Weber, of Leipzig, who
completely demolished the Ruschyian hypothesis, and who by
numerous researches on the snllvnr‘i' glands of birds and of
mammals, and on the pancreas of birds, established the general
fact of the terminatior of gland ducts in blind extremities,
though with modesty he put forward his opinions as confirming
the inductions of Malpighi, expressing himself as follows :
- e\dmimhlrv did Malpighl avail himself of the structure of the
liver in the lower animals, and to the embryo of the higher, ‘s a
foundation-stone for his opinions ; for the arrangement of the
whole glandular system speaks for itself, inasmuch as it simply
«consists of single, compact, hollow, blind canals, more or less
numerou, floating in the fluid which surrounds their organs ; and,
alithough these ramifications are drawn out between the branches
of the blood-vessels, there is no immediate passage from one to
“ the other,”

THE RESEARCHES OF JOHANNES MULLER,

Such was the state of knowledge in reference to the structure
‘of sccreting’ glands and secretion at the time when the great
Johannes Miiller undertook the investigation of which the re-ults
were first of all published in the memorable work entitled *‘ De
Glandularum secernentium Strusturd penitiori earumque prima
Formatione (Lips, 1830). It is impossible not to sympathise

with the reflection of Professor Heidenhain, recently made in
reviewing the researches of Johannes Miiller in connection with
this sub’]ect (Heidendain in Hermann's ““ Handbuch der Phy-
siologie,” vol. v., 1880, g). 6.), to wit, that the physiologists of
to-day may be accused of ingratitude for having allowed the great
name of Johannes Miiller to have well-nigh disappeared from the
pages of physiological literature. 'We forget that this man—this
giant in the field of biol as he is appropriately termed by
Heidenhain, the last mnn%gfywhom perhaps it will ever be said
that he was at once the greatest comparative anatomist of his
time and the most philosophical and original of all contemporary
physiological writers—by his own researches, and particularly by
the one which concerns us to-day, influenced the progress of

hysiology, at a most critical period, more than any other man.

e was not, like his contemporaries Magendie and Flourens, a
great physiological experimenter, though he showed that he well
appreciated the value of experiment in advancing our science ;
but he was pre-eminently a physiologist who recognised the
immense importance of a close study of structure, not only
because of the interest which it presents to the pure and philo-
sophical morphologist, but because of its absolute nece-sity, if we
are to penetrate at all deeply into the secrets of animal function.
Miiller, in the first instance, had convinced himself, by the study
of the circulation of organs sufficiently transparent to permit of
it, especially the circulation through the liver of Jarval sala-
manders, that, in glands, arteries never end in any other mode
than by capillaries leading:into veins, He then set himself to study
in the case of most glands, and in a large variety of animals, the
relationship of gland ducts to the truly secreting parts of the
organ, and the relation of the blood-vessels to these. Basing
himself upon these anatomical studies of adult organs, and upon a
careful study of the development of glands—a study which had
been attempted slightly by Malpighi, and more satisfactorily in
the case of the parotid by E, H., Weber (E. H. Weber,
‘¢ Beobachtungen iiber die Structur einiger conglomerirten und
einfachen Driisen und ihre erste Entwickelung.” Mickel's Archiv
for 1827, p. 274)—Miiller came to the conclusion that all glands
possessed of a duct are only involutions more or less complex of
membranes, the largest number being involutions of the external
investment of the body or of the membranes opening upon its
surface. The following are the general results relative to the
structure of glands which Miiller deduced frem the anatomical
study of individual organs :—1

1. However various the forms of their elementary parts, all
secreting glands without exception (not only those of the human
body, but all met with in the animal kingdom) follow the same
law of conformation, and constitute an uninterrupted series from
the simplest follicle to the most complex gland,

2. No line of demarcation can be drawn between the secreting
organs of invertebrata and those of vertebrate animals; not
merely do we meet with the simplest sacs and tubular secreting
organs, like those of insects, in the higher animal<, but there is a
gradual transition from these simple secreting organs to the
glands of the most perfect vertebrata,

3. All glands agree in affording by their interior a large
surface for secretion. The varieties of internal surface by which
the great end—extent of surface in a small space—is attained, are
very numerous.

4. Aecini, in the hypothetical sense in which the term has been
used by writers—in the sense viz. of secreting granules—do not
really exist ; there are no glomeruli of blood-vessels with ducts
arising from them in a mysterious way, as has been supposed,
whatever notions may have been held regarding them,

5. The parts described as acini are merely masses formed by
the agglomeration of the extremities of the secreting canals;
frequently, indeed, they are formed of minute vesicles aggregated
together in grape-like bunches, which may be injected with
mercury, and are often susceptible of inflation,

6. In many glands which have been incorrectly described to
have acini or secreting granules, there are not even the hollow
vesicular acini; the jsecreting tubes, instead of terminating in
vesicles or cells, form long convoluted canals or straight tubuli or
short ceeca,

7. It has been demonstrated in the case of all glands that the
blood-vessels are not continuous with the secreting tubes—that
the minute vessels bear the same relation to the coats of the
hollow secreting canals, and their closed extremities, as to any

¥ This abstract of Miiller's general conclusions has been nhb_revialeg from
the sections treating on this subject in his ** Elements o { Physiology.” See
Translation by Dr.%aly, London, 1138, vol. i. p. 456, ef seg.
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other delicate secreting membrane, such as, for example, the
mucous membrane of pulmonary air cells,

8. The arborescent ramification of the blood-vessels accom-
pany the ducts in their development, and the reticulated
capillaries in which the blood-vessels terminate are extended
over all the closed elementary parts of the gland and supply them
with blood. In the chick we may observe the simultaneous
development of the two systems ; in proportion as the develop-
ment of internal surface from a plain membrane to ceeenm and
ramified ceca proceeds, the vascular layer of the originally simple
membrane is raised on the exterior of the efflorescence,

9. The ramified canals and tubes, which when the structure is
simple, as in insects and crustacea, and even in some glands of
the mammalia, lie free and unconnected, become more aggrega-
ted together, and acquire a common covering, in proportion as
their evolution is carried further; and thus is produced a paren-
chyma or solid organ.

10, The capillary. blood-vessels are for the most part much

more minute than the smallest branches of the ducts of secreting

canals and their cwecal extremities, even in the most complex
glandular organs. The elementary parts of glands, though
minute, are of such a size that the capillary blood-vessels form
around them a network which invests them,

11. The formation of the glands in the embryo displays the
same progressive evolution from the simple to the complex state
as is observed in ascending the animal scale,  The most perfect
and complex glands of the higher animals, when they first appear
tn the embryo of these animals, consist merely of the free efferent
ducts without any branches, and in that state exactly resemble
the secreting organs of the lower animals, The glands are
formed from the unbranched tubes by a kind of efflorescence or
ramification,

12. The mode in which the extent of internal secreting surface
of a gland is realised is very various ; and no one kind of con-
formation is peculiar to any kind-of gland. Perfectly different
glands may have a similar elementary structure, a«is the case, for
instance, with the testes and the cortical substance of the kidneys.
And similar glands have often a perfectly different structure in
different animals ; of which the lachrymal glands, examined in
the chelonia, birds, and mammalia, afford an example.

Johannes Miiller, recognised thoroughly, as we have seen, that
the character of a secretion cannot be deduced from the s'ructure
of the organ which produces it.  Was he able to throw any
light upon the mystery which had baffled his predecessors and to
explain the cause of the specific endowments of the different
glandular organs? Let us allow Miiller to speak :—

“The peculiarity of secretions does not depend on the internal
conformation of the glands ; for, as I have sufficiently demon-
strated, each secretion is in different animals the product of the
most various glandular structures, and very different fluids are
secreted by glands of similar organisation. The nature of the
secretion depends therefore solely on the peculiar vital properties
of the organic substance which forms the secreting canals, and
which may remain the same, however different the conformation
of the secreting cavities may be ; while it may vary extremely
although the form of the canal or ducts remain the same.” It
was the living lining substance of the gland which, according to
Johannes Miiller, formed the secretion, at the expense of mate-
rials which it obtained from the blood of contignous capillaries,
Thi« living substance lining the inner recesses of the glands had
not yet been differentiated into its constituent units, the secreting
cells, and therefore Miiller’s statement wanted a certain definite-
ness, though, so far as he went, he was perfectly accurate.

THE RESEARCHES OF JOHN GOODSIR,

The success with which that eminent pupil of Johannes
Miiller, Theodore Schwann, had extended the generalisations of
Schleiden (on the part taken by the cell in the formation of
vegetable structures) to the elucicﬁltion of the animal tissues, had
given the greatest impulse to the study of animal histology, and
a large number of observers, especially in Germany and England,
were directing their attention to the discovery and study, in all
tissues and organs, of the all-important cells,

Purkinje had announced the hypothesis that the nucleated
epithelium which he discovered to line the gland ducts might
exercise secreting functions, Henle had described with great
minuteness the epithelium cells which line the ducts of the prin-
cipal glands and follicles, and which form the most superficial
structures of mucous membrane, and Schwann had suggested
that this epithelium probably played a part in the act of secre-

tion. It was, however, unquestionably the Scottish anatomist,
John Goodsir, to whom was reserved the merit of establishing in
an indisputable manner the fact that the essential and ultimate
secreting structures in glands are the morphological units, the
gland cells, As Johannes Miiller had examined the arrange-
ments and coarser structure of glands throughout the animal
kingdom, with the result of discovering the general plan of
gland-structure, and the analogies existing between glands, how-
ever diverse, so John Goodsir passed under review the histologi-
cal characters of the cells of different glands in a large variety of
animals, vertebrate and invertebrate, His first results were pub-
lished in the “‘ Transactions of the Royal Society of Edinburgh”
for the year 1842 ; his more matured views were developed in a
paper entitled *“ On Secreting Structures,” which formed one of
a collection of papers which saw the light in 1845, As a result
of his survey Goodsir came to conclusions of which the most
important may be stated, almost in his own words, as follows :—

““The ultimate secreting structare is the primitive cell en-
dowed with a peculiar organic agency, according to the secretion
it is destined to produce. I shall henceforward name it the
primary secreting cell,

“Each primary secreting cell is endowed with its own
peculiar property, according to the organ in which it is situated.
In the liver it secretes bile, in the mamma milk, &c,

‘“The primary secreting cells of some glands have merely to
separate, from R;c nutritive medium, a greater or less number of
matters already existing in it.  Other primary secreting cells are
endowed with the more exalted property of elaborating, from
the nutritive medium, matters which do not exist in it

““The discovery of the secreting agency of the primitive cell
does not remove the principal mystery in which the function has
always been involved. One cell secretes bile, another milk ; yet
the one cell does not differ more in structure from the other than
the lining membrane of the duct of one gland from the lining
membrane of the duct of another, The general fact, however,
that the primitive cell is the ultimate secreting structure, is of
great valae in physiological science, inasmuch as it connects
secrcgion with growth, as phenomena regulated by the same
laws,”

Goodsir was unquestionably wrong in certain of his specula-
tions concerning secreting cells ; as, for instance, in attributin
at one time the chief part in the process of secretion to the ce
wall, at a later period ascribing the same function to the cell
nucleus, He certainly had not grasped the modern idea, which,
as I shall afterwards more particularly point out, considers the
act of secretion as one of the results of the activity of the living
protoplasm of the cell. His assumption, too, that the secreting
cell invariably contains, preformed, the characteristic matters of
the secretion, is one which is by no means generally true, Never-
theless, it is impossible to study Goodsic’s researches on the
secreting cell, without ascribing to him the merit of having been
the one who made the most important generalisation, connecting
eell life with a definite organic function.

I may be permitted, as it were parenthetically, to refer for a
moment to John Goodsir, with the veneration which is natural in
one who was his pupil. If it be true that the rapid march of
scientific discovery has caused us well-nigh to forget the great
debts which we owe to Johannes Miiller, it is no less true that
John Goodsir’s name has passed into premature and undeserved
oblivion. Goodsir’s was a mind which in some respects, especi-
ally in its tastes, resembled that of Miiller, He was a devoted
anatomist, and studied morphology in the first instance for its
own sake, but also because of the light which it sheds on organic
function, He had a powerful intellect, an insatiable thirst for
knowledge, a sympathy with all branches of inquiry which could
throw light upon the science to which he devoted his life, and a
devout and reverential spirit, which was not the less strong be-
cause it only rarely found audible, though then it was emphatic,
utterance, In the earlier part of his scientific career, numerous
papers, for the most part short, but characterised by remarkable
originality of observation and freshness of thought, seemed to
promise that Goodsir would be one of the most productive of
the workers of his time, A lingering illness which, without
altogether disabling him, enfeebled his physical powers, and cast
a gloom upon a life which had promised so much, almost put an
end to his career, in so far as the scientific world at large was
concened, and henceforward he devoted his remaining energies
to studies of which the results were for the most C}'mrt not pub:
lished, but especially to the task of teaching. Goodsir was a
master who, if judged of by the low standwd of fitness to in-
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struct the great majority of his pupils in such a manner as to
enable them successfully to pass examinations, would occupy no
exalted position, He possessed, however, the far rarer power of
instilling into the minds of the best of his pupils that love of
original inquiry, and that deep regard for truth which are the
chief incentives to all scientific research of any real value.

THE INVESTIGATIONS AND THEORIES OF BOWMAN,

At the time when Goodsir was engaged in his investigations
and speculations relating to cells, Mr, Bowman was making
researches which were to give him a lasting place among the
great histologists of the century,

His investigations on the structure of the kidney,! which was
published in the ““ Philosophical Transactions " for the year 1842,
surpassed in _completeness as an anatomical study, no less than
by the deep insight into the nature of the function discharged by
the organ, any investigation of like kind which had preceded it,
Itfnot only led to a more complete knowledge of the structure of
the kidney than was possessed of that of any other gland, but to
far-seeing generalisations concerning the structure of mucous
membranes, and of secreting organs generally, which found ex-
pression in a masterly article on mucous membranes, published
in the year 1847, in the *‘Cyclopmdia of Anatomy and
Physiology,”

Time will not permit of my giving a complete analysis of the
(to use a German expression) epoch-making research upon the
kidney ; but let me remind you that it led to a complete under-
standing of the relations of the Malpighian bodies to the urinary
tubules ; to a description which, so far as it went, was perfectly
accurate of the tubules themselves, though the scheme upon
which these tubes are arranged has, since Bowman's time, thanks
to the labours of Henle, Ludwig, and Schweigger-Seidel, been
Eroved to be more complicated than he had imagined, and to a

nowledge of the distribution of blood-vessels, not only in the
kidney of man and other mammalia, but also in that of certain
reptiles, ;

His study of the structure of the tubuli uriniferi had led Mr.
Bowman to discover that in these, a layer of epithelial cells lies
upon a structureless membrane, to which he gave the name of
the basement membrane,®* and which intervenes between the
epithelium and the blood capillaries, whence the materials of
secretion are primarily derived. His examination of the mucous
membranes of the bod‘y; led Bowman to the conclusion that the
relationship so easily observed in the case of the kidney between
cells, basement membrane, and blood-vessels, is one which holds
true, not only in the case of that organ butin that of many other
epitheliated structures,

““In the mucous tissue,” said Mr, Bowman (Article, Mucous
membrane, in Todd's “‘Cyclopadia,” p. 436), *“there are two
structures which require to be separately described, viz, Zhe
basement membrane and the epithelium. The basement membrane
is a simple homogenous expansion, transparent, colourless, and
of extreme tenuity, situated on its parenchymal surface and
giving it shape and strength, This serves as a foundation on
which the epithelium rests, The epithelium is a pavement com-
posed of nucleated particles adhering together, and of various
size, form, and number. The following general observations on
these elementary parts will receive illustration as we advance.
Neither the one nor the other is peculiar to the mucous tissue in
the sense either of being invariably present in it, or of not being
found elsewhere, There are certain situations of the mucous
system where no basement membrane can be detected, and others
from which the epithelium is absent, Both, however, are never
absent together. Again, a structure apparently identical with
the basement membrane is met with in numerous textures besides
the mucous, and all internal cavities, whether serous, synovial,
or vascular, or of anomalous kind (as those of the thymus and
thyroid body), are lined by an epithelium.”

As a result of his anatomical studies on the kidney, Mr.
Bowman was led to frame a theory of renal secretion, which,
though opposed for a time by a master mind, has, by the pro-
gress of research, received complete confirmation, and which
was based in no small degree upon the new views of the function
of epithelial cells in glands, The Malpighian body, Bowman
showed, is the dilated commencement of a convoluted tubule,
und, like it, presents a delicate, structureless, basement mem-

* W. Bowman, “On the Structure and Use of the Malpighian Bodies of
the Kidney, with Observations on the Circulation through the Gland,”

Philosophical Transactions for the year 1842, Part 1., p, 57.
2 0p. cit., p. 58,

brane. Into the Malpighian body projects a tuft of capillary
vessels, continuous, on the one hand, with an afferent vessel
derived from a branch of the renal artery, on the other, with an
efferent vessel of smaller size than the afferent ; both afferent and
efferent vessels piercing the cap:ule of the Malpighian body ;
after leaving the glomerulus, the efferent vessel breaks up into a
series of capillaries, which are distributed to the walls of the
convoluted tubes, The tuft of blood-vessels projecting into the
Malpighian body, Bowman described as being perfectly bare,
that is to say, not covered by a basement membrane, or by a
layer of epithelium cells, This part of his deseription has not
been confirmed by recent work, the more delicate methods of
modern histology allowing of a ready demo: stration of a layer
of cells of extreme tenuity covering the glomerulus,

The basement membrane of the convoluted tule was described
as lined by a nucleated epithelium of a finely granular opaque
aspect ; the neck of the tube, where it joins the Malpighian
capsule, and the contiguous portions of the capsule were described
as covered by a layer of cells, differing altogether from the first,
being much mere transparent, and possessing in certain animals
vibratile cilia, In some cases the whole interior of the capsule
was lined by epithelium cells of great delicacy and tenuity ; in
others, these cells could not be traced over more than a third of
the capsule. Basing himself upon the altogether exceptional
arrangement of the blood-vessels of the glomwerulus, Bowman
advanced the theory that this is a structure destined to separate
from the blood its watery portion. The epithelium of the con-
voluted tubes’on the other hand, which Bowman pointed out to
be emincntly allied to the best marked examples of glandular
epithelium,” he believed to be concerned in the separation of the
characteristic solid matters of the renal secretion,

I shallfor the present conclude my remarks upon Mr, Bowman's
investigalions and theoretical views by smlin¥ that, by his investi-
gations of the blood-supply to the kidney of the boa constrictor,
he gave the strongest proofs which could be derived from
anatomical evidence of the correctness of his views, and furnished
great part of the knowledge required for the subsequent re-
searches which Nussbaum made on the secretion of the newt's
kidney, and which afforded the most conclusive experimental
evidence in favour of the theory which Bowman had advanced.

THE D scovERrRIES OF CARL LubwiaG,

If to Johannes Miiller we must ascribe the greatest share of
merit as a discoverer of the general affinities, relationships, and
functions of glands, it appears unquestionable that to Carl
Ludwig belongs the credit o? having, above all others, brought
the light of experimental physiology to bear upon the subject of
secretion,

Ludwig is one of the most eminent of the physiolozists who
bave endeavoured, as far as possible, to apply the conceptions
derived from a study of physical and chemical processes in
general, to the clucidations of the functions of the organism.
More than anyone else has he succes:fully adapted the methods
of research of the chemist and of the phyzsicist to the investigation
of the problems which lay before him. ~Above all others he is 10
be spoken of as the great teacher amongst all of the great
teachers of physiology which this century has produced. If we
try to find one who, from the fertility of his mind and the in-
fluence which he had upon men of ability, affected the progress
of his science in like measure to Ludwig, we revert to the name
of Liebig. When I say that physiology owes as much to Ludwig
as chemistry to Liebig, I shall, I feel sure, be doing but scant
justice to the great man, who at Marburg, at Vienna, aud at
Leipzig, has won for himself the right to be called at once the
greatest physiologist, and the greatest teacher of physiology, of

is time,

1. Ludwig’s Discovery of Secreting Nerves.—It was in the
year 1851 that Ludwig first announced to the scientific world
(Ludwig, ‘‘ Neue Versuche iiber die Beihilfe der Nerven zur
Speichelabsonderung,” Henle & Pfeifer’s Zeitschrift, New Ser.,
vol. i, (1851), p. 255) the fact that the secretion of the salivary
glands is under the influence of the nervous system, C. G.
Mitscherlich, as Ludwig points out, had surmised that the secre-
tion of saliva only occurs as the result of a stimulation of
certain nerves, .., the nerves of taste and the nerves supplying
the muscles of mastication. No attempt had, however, been
made, before Ludwig’s, to asceriain experimentally whether the
stimulation of nerves supplyins lands influenced directly their
secretion, As a subject of : tudy Ludwig chose the submaxillary
gland. He found that on stimulating by a succession of induc-
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tion shocks the nerve twigs proceeding from the lingual branch
of the fifth nerve, and which accompany Wharton's duct to the
gland, secretion of szliva occurred, so long as the excitability of
the nerves persisted.

In experiments performed in conjunction with his pupil Rahn,
Ludwig found that secretion occurs on direct stimulation of the

landular nerves, even when the circulation has been arrested
or a time, as for instance, when the contractions of the heart
are exhibited for some time,

2. Ludwig’s Discovery that Secretion is not a Process directly
dependent upon the Arterial Pressure.~In the paper which I
have already quoted, Ludwig published the results of the
following experiments. A mercurial gauge was placed in com-
munication with the duct of the subm ixillary gland, the height
of the mercury in the guage being recor e§ (by means of a
float to which was attached a writing point) upon the travellin,
sarface of the kymographion, the instrument which Ludwig ha:
contrived for permanently recording the amount and variations
of the blood pressure in arteries and veins. At the same time,
another gauge placed in communication with the carotid artery,
or one of its branches in close proximity to the gland, recorded
the height of the blood pressure on the same travelling surface.
On stimulating the secretory nerves, Ludwig found that saliva
was poured out long after the pressure exerted by it upon the
interior of the gland (as measured by the height to which the
mercury was raised in the gland-duct manometer) exceeded the
pressure of blood in the arteries. Thus in his first recorded
experiment the mean pressure of blood in the carotid artery
amounted to 108°'5 millimetres of mercury, whilst during a
stimulation of the nerve filaments going to the gland, the
pressure in the gland-duct manometer rose to between 190*7 and
196'5 millimetre:, 7., indicated that the pressure exerted by
the fluid, secreted under the influence of nerve stimulation,
exceeded the arterial pressure by an amount corresponding to
a column of mercury about 3} inches high, It is obvious that
the experiment at once and conclusively proved that the secre-
tion of a watery liquid like the saliva may be brought about by
a process altogether different from a process of filtration ; for in
filtration the passage of liquid through the minute pores of the
filter necessarily depends upon a difference in pressure on the
two sides of the filter, the movement of liquicF being from the
side of greater to that of lesser pressure,

In this brief sketch I have only time to refer to the most
salient of the early discoveries of Ludwig on secretion, and
must pass over without comment the first experiments by which
he showed the influence exerted by variations in the strength
of the stimulus of secretory nerve upon the amount and chemical
composition of the secreted liquid,

3. Ludwig’s Discovery that during Secretion Heal is evolved
in Glands.—Pursuing his researches on the salivary glands,
Ludwig. some years later, (Ludwig u, Spiess, *‘Sitzungsber. d.
Wiener Akad. Mathem, u. Naturwissenchaft: Classe,” vol,
xxv. (1857), p. 548,) in conjunction with his pupil Spiessi dis-
covered that, when a gland is thrown into action by stimulation
of its nerves, heat is evolved, In the case of the submaxillary
gland, for instance, he found that the saliva which was secreted
might have a temperature nearly three degrees Fahr, (1°5° C.)
above that of the blood geing to the gland, Important as was
this result because of the light which it threw upon the source
of animal heat, its value as bearing upon the nature of the pro-
cess of secretion was even greater, Irom the fact that the
saliva is a liquid containing but three or four or five parts of
solid matters to one thousand of water, it would scarcely have
been surmised, upon a merely physical hypothesis, that its pro-
duction would have heen attended by any considerable evolution
of heat. The evolution of heat is indeed one of the strongest
rroofs we have that the act of secretion is the result of the
iving activity of those ultimate units of the glands, the gland
cells ; but to this I shall revert hereafter,

THE RESEARCHES OF SCHIFF, ECKHARDT, AND CLAUDE
BERNARD, ON THE SECRETORY NERVES OF THE SALIVARY
GLANDS,

The study of the innervation of the salivary glands which had
been commenced by Ludwig and Rahn was continued with great
success by other observers, and particularly by Claude Bernard
and Eckhardt. The first of these observers proved the correct-
ness of Schiff’s supposition that the abundant secretion which
followed the stimulation of fibres of the fifth cranial nerve was in
reality due to the presence of fibres of the chorda tympani mixed

with them, It was Eckhardt, however, and afterwards Claude
Bernard, who established the remarkable fact that, in the case
of the submaxillary gland, and, as has since been shown, of
some other glands also, the gland is under the direct control of
two orders of nerve fibres, The first are contained in branches
of cranial nerves, and in the case of the submaxillary gland are
derived from the facial nerve, and, when stimulated, lead to an
abundant secretion of watery saliva, relatively rich in saline and
poor in organic constituents ; the second are contained in the
so-called sympathetic nerve trunks distributed to the gland ;
and these, \\'Len stimulated, occasion an exceedingly scanty
flow of very concentrated and highly viscid saliva, containing a
relatively large quantity of organic constituents, particularly of
mucin;

Claude Bernard now pointed out that stimulation of the
above-mentioned nerves leads to changes in the circulation of
blood through the gland, in addition to the changes in the
amount and quality of the fluid secreted by it.

Thus stimulation of the cerebral fibres supplying the chorda
tympani was found to produce a great dilatation of the arteries
of the gland ; so that the amount of blood pas<ing through it was
very largely increased, that passing out through the venous trunks
of the gland presenting a florid arterial colour instead of the
brown venous hue observed when the gland was not secreting,
Stimulation of the sympathetic fibres, on the other hand, caused
a great contraction of the glandular arteries, consequently a
diminution of the flow of blood through the gland and into the
veins, the blood presenting under these circumstances an intensely
venous hue,

The facts just referred to appeared reconcilable at first with the
view that the secretion of saliva, as a result of nerve stimulation,
was primarily dependent upon changes in the circulation of hlood
through the gland ; though, upon reflection, the surmise was
negatived by some of the facts discovered long before by Ludwig,
and particularly by that, already referred to, of glandular secretion
following stimulation of glandular nerves, even where the
circulation has been stopped, as by cardiac inhibition,

Bernard's experiments had unquestionably established that
in addition to nerves which, \\(']hcn stimulated, occasioned
the cortraction of arteries—‘¢the vaso-motor” or, as we now
sometimes call them, the *‘ vaso-constrictor” verves—there are
others which when stimulated occasion, on the contrary, the
dilatation of arteries —the so-called ‘“ vaso-inbibitory " or *“ vaso-
dilator” mnerves, That it was not stimulation of the vaso-
dilator nerves, which, by increasing the amount and the pressure
of the blood flowing through the capillaries, occasioned the
secretion of saliva, was shown by several experiments, but
especially by an observation of Keuchel. This observer found
that the alkaloid of the deadly nightshade, viz, atropia, when
introduced into the system, exerts such an action, that on stimu-
lating the chorda tympani no secretion of saliva follows ; whilst,
on the other hand, dilatation of the arteries is produced exactly
as under normal circumstances, Other drugs have since been
discovered which exert a similar action to that of atropia in
paralysing secretory nerves, whilst some are now known which
antagonise the action of atropia, and restore the suspended
activity of the secretory nerves, From these studies has un-
questionably resulted a knowledge of the conclusion, that
although the process of secretion is favourably influenced by the
vascular dilatation which follows the state of activity of the
vaso-dilator nerves, the actual process of secretion is not due to
them, but, so far as it is controlled by the nervous system, is
directly under the influence of certain nerves which may be
termed secretory,

DISCOVERIES WHICH SHOW THAT SECRETION, THOUGH IN-
FLUENCED BY, IS NOT NECESSARILY DEPENDENT UPON,
STIMULATION OF NERVES GOING TO A GLAND,

A knowledge of the facts which I have brought before you
hitherto would “of itself lead you to suppose that glandular
secretion is a process which is in abeyance except under the in-
fluence of stimulation of nerves which throw the gland into
activity, in the same manner as the quiescent muscle passes into
activity normally, only when its motor nerves are stimulated.
But this supposition, though it may be in some measure true in
the case o? certain glands, is not borne out by a study of se-
creting glands in general—a study which teaches us that whilst
the nctl\ﬁty of the gland cells may be, and often is, remarkall
under the control of the nervous system, it is by no means
necessarily dependent upon it.. The activity of the gland de-
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pends upon the activity of its individual units, the gland cells ;
and these units may discharge their function so long as they con-
tinue to live and are supplied with the nutriment—mineral,
organic, and gaseous, which they require,

Leaving aside, at least for the present, any reference to the
arguments which may be derived, by analogy, from a study of
cell life in general, I would call your attention to the physio-
logical facts which prove the truth of the proposition just enun-
ciated. The first of these facts was discovered by Claude
Bernard ; to wit, that when all the nerves supplying the salivary
glands are divided, there is at first a temporary cessation of
secretion, soon followed, however, by an abundant flow of very
watery, so-called paralytic saliva,

This result is fully confirmed by similar observations made in
the case of other secreting organs, and which establish very fully
the greater or less independence of the secreting elements from
the control of the nervous system; though unquestionably, in
a normal state of the orzanism of higher animals, the nervous
system is continually intervening, both directly by its influence
on gland cells, and indirectly by the changes which it produces
in the circulation, so as to control the operations of gland cells,
and especially to bring them into relation with, and subordinate
them to, the work of complex processes of the organism.

What the exact relations of nerve fibres to gland cells may be
is yet a matter involved in great doubt. The discovery made by
Pfliiger of the terminations of nerve fibres in the secreting cells
of the salivary glands has not been confirmed by any observers
in any vertebrate. Kupffer has, however, unquestionably done
so in the case of Blatta orientalis, and although as yet objective
proof is wanting, we cannot entertain any reasonable doubts
that a connection between the ultimate fibrille of nerves and
secreting cells actually exists, We feel confident that physical,
as it were accidental, difficulties have alone hindered the precise
determination of the fact,

THE IMMEDIATE SOURCE OF THE NUTRIMENT CONSUMED
BY THE GLAND CELL.

In the original scheme of a secreting gland, developed first of
all by Bowman, then adopted by Goodsir, Carpenter,! and many
other writers, the essential structural elements taken into aceount
were the following :—1, Epithelial cells lining the secreting
cavity of the gland ; 2. Sub-epithelial tissue, usually presenting
superficially the form of a basement membrane, upon which the
cells were placed ; and 3. A capillary network in closer relation
to the basement membrane, or more superficial part of the sub-
epithelial tissue, In harmony with this scheme, the glandular
elements were always spoken of as drawing their supply from
the blood in the capillaries. Theone element which was wanting
in that scheme, and which we are able to fit into it, thanks again
to the labours of the great physiologist of Leipzig, is the relation
of so-called lymph spaces to the other elements. As was first
shown by the researches of Ludwig and his school, amongst the
modes of origin of the peripheral lymphatics, the most numerous
are to be found in connective tissue, and nowhere more abun-
dantly than in the connective tissue of glands, which is
everywhere interpenetrated by irregular spaces containing
lymph, from whence spring the minutest lymphatics. If we
consider, then, the immediate environment of the secreting cell,
we find that in close proximity to it is the lymph, which is a
transudation from the blood, and upon which the gland cells are
directly dependent for all the matters which they require, For
a certain time, then, the gland cell will be independent of the
supply of blood, that is, so long as the lymph surrounding it con-
tains a sufficient quantity of essential matters, of which oxygen is
one of the chief, to support its life, or until it becomes so charged
with waste products derived from cell life, e.g. CO,, as to inter-
fere with the functions of the latter, It certainly appears that,
at least in the majority of cases, it is the secreting cell which
modifies, in the first instance, the composition of the lymph
which bathes the tissues in proximity to it, rather than the com-
position of the lymph which modifies the activity of the gland
cell.  There are some cases nevertheles; in which it would
appear that the presence of certain constituents in the lymph is
the direct cause of the activity or increased activity of the cells,

SECRETING CELLS PRESENT DIFFERENT APPEARANCES, COR-
RESPONDING TO DIFFERENT STATES OF FUNCTIONAL
Activity, THE RESEARCHES OF HEIDENHAIN,

Amongst the physiologists of Europe who have most enriched

' Carpenter in his admirable articl g ion” in * \
CyelepRRinklAbiioeiy et EYesiolegair o oo, Taads

science by their researches during the last thirty years is unques-
tionably Professor Heidenhain of Breslau, who has exhibited his
mastery of the physical side of physiology by his classical re-
search on the relations between the heat evolved in and the work
done by muscle, and as a biologist able to use in the best manner
all the resources of modern histology in the elucidation of bodily
function, by the researches to which I wish to direct your
attention for a few moments,

The glands imbedded in, or the ducts of which open upon the
surface of the mucous membrane of, the alimentary canal, for
the most part, are characterised by periods of more or less com-
plete cessation of activity, as judged by the diminution, or
absolute cessation, of the secretion which they prepare, This
is true of the salivary glands and of the liver, but particularly
true of the gastric glands and the pancreas.

Certain of these glands, 7.e the salivary glands in some
animals, and the stomach and pancreas in all in which they
exist, have the task of preparing juices which contain certain so-
called unformed or unorganised ferments or emzymes, upon
which the properties of the secretions in great measure depend.
Heidenhain in a long series of investigations, which have been
taken part in by certain other scientific men, as by Ebstein and
Griitzner, by Kiihne and Lea, and particularly by Mr, Langley
of Trinity College, Cambridge, has shown that the secreting
cells of a particular gland, as for instance of the submaxilla
gland, of the gastric glands, and of the pancreas, exhibit
diff -rences in size, differences in the form and appearance of the
nucleus, and differences in the cell contents, corresponding to
varied states of functional activity.

Time will not permit my mentioning in detail the results of
these observations from which, however, certain general con-
clusions appear derivable, Thus, a gland cell at rest is usually
larger than a similar cell which has been engaged in the process
of secretion ; from its behaviour to reagents, it usually appears
to contain within itself an abundant store of the body or bodies
which are chiefly characteristic of the secretion, or closely related
antecedents of these, and the amount of undifferentiated prito-
plasm surrounding the nucleus appears to be at a minimum, On
the other hand, the gland cells, which have been secreting for a
greater or less period, often, though not invariably, present a
diminution in their size, a diminution in the amount of the
characteristic bodies previously referred to, and an increase in
the protoplasmic constituents of the cell, All facts, histological
as well as physiological, seem to point to the following con-
clusion : that during rest, the cell forms, at the expense of, or as
the product of the differentiation of, the cell protoplasm, the
bodies characteristic of the secretion ; that whilst secretion is
going on these leave the gland cell ; and that, at the same time,
the protoplasmic constituents of the latter increase at the expense
of the lymph, to be converted secondarily, either at a later period
in that particular act of secretion, or in the succeeding period of
inactivity, into specific constituents, The researches of Heiden-
hain bave been conducted upon the glands after these had under-
gone processes of hardening and straining, the appearances
observed indicating changes which, though not identical with,
at least corresponded to various conditions of the gland. Kiihne
and Lea and Langley have, however, studied glands in a livinﬁ
condition, and though the appearances were not identical wit
those observed by Heidenhain, they entirely confirm these,

I have not time to do more than refer to the fact that in some
at least, though probably in all of the cells of glands which pro-
duce secretions containing ferments, there are formed at first
bodies to which the generic term of *‘symogens” may be applied,
i.e. ferment generators, from which a ferment is afterwards set

In connection with this part of my subject I may refer to the
view, which was at one time held by some, that in secreting
glands the gland cell having produced the matter of the secretion
was thrown off, discharging its contents into the secretion. This
process, when it does occur, must be looked upon as exceptional,
and as it were accidental,

Amongst the most striking examples of the success with which
Khysiological experiment and subsequent histological research

ave been pursued in combination so as to throw light upon the
functions of particular cells, I may refer first to the observations
of Ieidenhain, secondly to those of Nussbaum on the excretion
of colouring matters, artificially introduced into the blood, by
the secreting epithelium cells of the renal tubules. I have
previously referred to the theory of Bowman, according to which
the watery and saline constituents of the renal secretion were
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supposed to be separated by the so-called *“ glomeruli,” whilst
the organic solids of the secretion were supposed to be separated
by the epithelium lining the convoluted tubes.

To this theory was opposed that of Ludwig, according to
which the whole of the constituents, watery, saline, and organic,
were supposed to be poured out of the vessels of the glomerulus,
the amount of water however being far in excess of that contained
in the liquids when it reaches the pelvis of the kidney, Ludwig
supposed that as the secretion passed over the surface of the
epithelium lining the complex tubules, processes of diffusion
occurred between it, on the one hand, and the lymph bathing
the tissues lying outside of the basement membrane of the tubules
on the other, the direction of the current of water being from
without inwards, The anatomical evidence adduced by Bowman
was of itself well-nigh sufficient to prove the accuracy of his
views, which have however been placed beyond all dispute by
the following observations : Heindenhain introduced into the
blood a solution of sulphindigotate of sodium, u ually some time
after having divided the spinal cord in the cervical region, On
killing the animal some time afterwards and subjecting the
kiney to careful examination, it was found that the colouring
matter had been accumulated by the epithelium of the convoluted
tubules from the lymph bathing the tissues, and which contained
=0 little colouring matter as to appear colourle:s, If a sufficient
time had elapsed after the injection, the colouring matter was
found in the form of granules or minute crystals lying on the
inner side of the cell in the lumen of the tubules,

Bowman, as I have already mentioned, had in the case of the
boa constrictor studied in detail the blood supply to the organ,
which, as Jacobson had shown, differs in fishes, birds, and
reptiles, fiom the mode of arrangement prevailing in mammals.

Bowman had shown that in the boa the glomeruli derived
their blood exclusively from the renal artery, and the convoluted
tube exclu-ively from the common iliac vein, Nusstaum gave
absolute completeness to the proof of Bowman’s theory by the
following remarkable experiment, Experimenting on the newt,
in which the blood-supply of the kidney is similar to that of the
b a, he found that, when he tied ths renal artery, he arrested
almost entirely the secretion of water in the kidney, but that the
excretion of urea and other solid matters, and amongst others of
the colour ng matter already used by Heidenhain, viz., indigo
carmine, continued, Ligature of the renal branches of the com-
mon iliac vein stopped the secretion of .organic solids without
impeding that of water.

THE MOST RECENT THEORIES ADVANCED IN EXPLANATION OF
THE PHENOMENA OF GLANDULAR SECRETION.

Having brought before you the most salient facts with which
we are acquainted, which appear to throw the most light upon
the general physiology of glandular secretion, I wish, before
concfuding. to speak of the theoretical views which have been
advanced in explanation of a large number of the facts.

In the first place, I have to confess that our ignorance is
absolute as to the cause of the specific endowment of d.fferent
secreting cells, in virtue of which they produce new bodies at
the expense of certain of the materials supplied to them by the
lymph, or separate particular constituents from the lymph, to the
exclusion of others which are equally abundant in the liquid,
We express the full measure of our ignorance when we state
that the difference in function of different gland cells is due to
differences in endowment of (he protoplasm of the cell, whichin
1o case is explained by any objective characters of the cell,

The phenomena of the secretion of water, which forms so
large a part of every secretion, have given rise, however, to
numerous speculations, concerning which I may make a few
remarks,

The primitive view that the glands are organs in which is
strained off from the blood water holding certain substances in
solation has, in a modified manner, found favour with some even
1o our own days, and appears indeed, at first +ight, to be borne
out by certain facts, Thus within wide limits the amount of
water secreted by the kidney depends upon the pressure of blood
in the glomeruli, Any circumstances which will lead to an in-
crease of pressure in these vessels (as increase of blood pressure
genernll(, division of renal nerves, division of the splanchnics,
especially when combined with stimulation of the spinal cord),
by dilating the branches of the renal artery, will lead to this
result, At first this would seem to show that the process of
separation of water, in the kidney at least, is but a process of
filtrarion, though a remembrance of the famous experiment of

Ludwig, referred to at an earlier period, on the relation between
the pressure of secretion of saliva and that of the blood in the
arteries, would impose caution in drawing the conclusion, What
are the facts, then, relating to the blood pressure in vessels
in other organs of the body, and the transudation of liquid from
them?

If an increased arterial pressure led ipso facto to an increased
transudation through the capil ary walls, it would follow
that the amount of lymph and the pressure of the lymph-
stream would rise with the rise of the arterial pressure, but
direct experiments on this matter have led to an opposite con-
clusion, The experiments of Paschutin and Emminghaus, carried
out under Ludwig’s direction, have shown that when the arterial

ressure in the extremities is increased, there is no corresponding
increase in the lymph produced. Again, when the chorda tympani
is stimulated in an animal into whose blood atropia has been in-
troduced, the vascular dilatation which is produced, and which
is produced, and which is then unaccompanied by secretion, does
not lead to an increased production of lymph, which would
make itself evident by the gland becoming cedematous. How
then are we to account for the flow of water through a gland?
By ascribing it to an influence which is exerted by the gland
cell, in the first place, upon the liquid which environs it, viz, the
lymph, And accordingly, even in the case of the glomeruli of
the kidney, we conclude that the water is separated as a direct
result of the activity of the layer of transparent epithelium cells
which cover them. Hering has advanced a strictly physical
theory, which wou'd account for the mode in which certain cells
exert this influence, by supposing that there is produced within
them bodies which, like mucin, have a great affinity for water
and which then pass into the secretion ; and which therefore lead
to a current of water passing through the cell ; but the theoryis
one which cannot be admitted, because, as Heindenhain points
out, the passage of water through a gland occurs in cases where
there is no constituent in the cells, at all resembling mucin in its
affinities or behaviour towards water,

I feel inclined io say that the speculations, necessarily indefinite
though they are, of Professor Heindenhain afford the best
explanation of the phenomena. Heindenhain starts from the
fundamental fact that during secretion only as much water
passes out of the blood-vessels of the gland as appears in its
secretion, seeing that, however long the process of secretion
may continue, the gland never becomes cedematous, nor does the
current of lymph from it increase,

The volume of liquid filtered through the blood capillaries
adf'uats itself exactly to the volume of liquid separated by the
cells, This equality in the amount of liquid secreted and
filtered appears only explicable on the supposition that the act
of secretion is the cause of the current of water—in other words,
that the water which the cells lose in the formation of the
secretion generates changed in them which can only be com-
pensated for by an abstraction of water from the immediate
environment,

Within certain limits, Heindenhain continues, we may form
purely physical conceptions of the process. We may conceive,
for instance, the whole protoplasm of the cell to have a certain
affinity for water,  The cells at their contact with the basement
membrane may be supposed to be able to abstract water from it ;
the loss which the membrane sustains will be made up hy the
lymph, and this again will influence the blood in the capillaries,

The passage of water into the cells will go on until a period of
equilibrium is attained ; but at that time the current of water
from the capillaries through the lymph to the cells will cease.
We may conceive further, reasons Heidenhain, that the passage
of water out of the cell is hindered by such obstacles to the pro-
cess of filtration as are represented by resistance opposed to it
by the superficial border layer of protoplasm, If wenow conceive
that, for example as a result of nerve stimulation, the gland cells
pour out water, the condition of equilibrinm whic existed
between cell, basement membrane, lymph, and capillary will be
disturbed, and a current of liquid set in from the last to the
first, and continue as long as the activity of the cells continues.

It is not difficult moreover, Heidenhain remarks, to form
physical conceptions of the processes whereby water may be
separated from the cell itself. It is conceivable, for instance,
that the protoplasm of the cell may contract after the manner
which occurs in many infusoria, and which in them leads to the
accumulation of water in droplets, forming vacuoles, except that
in the case of the secreting cells the water is poured out on the
outside and not on the inside of the cells, Or, again, it is possi-
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ble that on the gland cell passing into the condition of activity
an increased production of CO, may occur, leading to an
increased diffusion of water outwards,

So far, I have quoted Professor Hedenhain, for the most partin
his own words. Let me add, however, that the two hypotheses
which he advances as possible explanations of the mechanism of
secretion of water by the cell rest upon the most probable grounds,
as upon the presence of the intra-cellular protoplasmic network
which has been so beautifully demonstrated by recent researches,
and especially by those of Professor Klein; or, again, upon the
fact, proved by the analyses of Professor Pfliiger of the gases of
the saliva, that there is during secretion great prodaction of CO,,
as shown by the amount of this gas in the saliva being muc
greater than in the blood, and upon the fact of the remarkable
diffu ibility of acid solutions,

Reasoning upon a large number of facts, which I have not’

time to refer to, Professor Heidenhain has come to the conclu-
sion that, quite apart from the nerves which control the vascular
ru‘;)p]y to a gland, there exist two distinct sets of nerve-fibres in
relation to the glandular elements, The first of these, which he
terms ‘‘secretory,” when stimulated, lead to the secretion of
water and saline constituents; the second, which he terms
‘“trophic,” influence the transformations of the protoplasm of
the cell, and thus affect the organic constituents of the secretion,

I do not wish to pronounce a definite opinion concerning this
hypothesis, but would remark that the nomenclature proposed by
Heidenbain appears to we to be an unfortunate one, especially
because it attaches a new meaning to a word which had pre-
viously been used by physiologists in a different sense, I refer to
the adjective #rophic, which has always implied ‘‘governing
nutrition,” It appears to me almost inconceivable that if there
exist two sets of secretory nerves, the action of each should not
profoundly affect the nutrition of the cell protoplasm, though,
of course, it is conceivable that they should do so in very
different manners,

GENERAL CONCLUSIONS,

The complicated studies, of which 1 have attempted to give
you a brief sketch, have led to our forming certain clear general
conceptions in reference to the process of secretion, They have
brought into greater prominence the dignity, if I may use the
expression, of the individual cell. The process of secretion
appears as the result of the combined work of a large number of
these units, Each, after the manner of an independent or-
ganism, uses oxygen, forms CO,, evolves heat, and derives its
nutriment from the medium in which it lives, and performs
chemical operations of which the results only are imperfectly
known to us, and which depend upon peculiar endowments of
the cell protoplasm, of which the causes are hidden from
us, So long as the protoplasm is living, the gland cell
retains its power of dwcharging its functions, and in man
cases does so, so long as the intercellular liquid furnishes it with
the materials required. In some cases, however, the gland cells
are specially sensitive to a variation in the composition of the
nutrient liquid, certain constituents of which agpear to stimulate
the protoplasm to increased activity, In the higher animals the
cells, particularly in certain glands, are in relation to nerves
which, when stimulated, affect in a remarkable manner the
transformations of their protoplasm, leading to an increased con-
sumption of oxygen, an increased production of carbonic acid, an
increased evolution of heat, and an increased production of those
mntt:_rs which the cell eliminates and which constitute its
secrction,

This historical survey of the growth of our knowledge of the
process of secretion exhibits the characteristic features of
biological advancement, Comparative anatomy has been the
foundation of observation of facts and th-ical experiment, the
road to physiological research, At various stages the value of
hypotheses has been well illustrated, and, whenever they have
had to make way for the broader and truer iuterpretations sug-
gested by the accumulation of facts and grea'er precision of
observation, it has been demon:trated that the process of ob-
servation is not one of simple sight but of complex rativcination,

NOTES
A MEeDAL and Prize, of the annual value of twenty
guineas, has been founded by Dr, Siemens, F.R.S., ‘“with the
object of stimulating the students of King's College, London,

to a high standard of proficiency in metallurgical science.”
It is open to those who have, as Matriculated Students,
studied in the Applied Science Department for two years,
and who, either in their third year, or, if they remain in
the Department for three years, in the succeeding year, make
metallurgy a special study, The first award will be made at the
end of June, 1883, and will depend partly on an essay on some
particular subject, partly on a written examination on the metal-
lurgical lectures, and partly on actual work done in the Labora-
tory. The subject for the essay for 1883 will be the *‘ Manufac-
ture of Steel suitable for Ship and Boiler Plates,” The essays
are to be illustrated by freehand sketches and mechanical
drawings to scale, and must be sent in to Prof, Huntington on
or before June 30.

Sirk WoobnsINE ParisH, K.C.H, and F.R.S., died, towards
the close of last week, at Quarry House, St. Leonards-on-Sea,
in the 86th year of his age. Sir Woodbine was long engaged in
the diplomatic service, though his name is also known in the
scientific world, As far back as 1824 he had been elected a Fellow
of the Royal Society, and was a member of several learned
societies both at home and abroad ; he had been a vice-president
both of the Geological and Geographical Societies, His name
is well known in the scientific world as having brought to this
country the remains of the megatherium, the glyptodon, and
other fossil monsters from the plains and valleys of South
America, and his work on the natural history, &c., of Buenos
Ayres and Rio de la Plata received a high encomium from no less
an authority than Baron Humboldt,

THE death is announced of Count Lutke, well known in
connection with Russian Arctic exploration, especially in the
Novaya Zemlya region.

THE next Congress of Electricians will meet in Paris on
October 11, The Members will have to deliberate, as we have
already stated: (1) on the determination of the length of the
mercury column equivalent to the practical obm ; (2) on the con-
struction of lightning conductors, and influence of telegraphic or
or telephonic wires on thunder-storms ; (3) on the means of esta-
blishing a general system of observations for atmospheric elec-
tricity; (4) on the opportunity of using the telegraph system for
establishing constant communication between a certain number
of meteorological observatories. At the same time a Diplomatic
Congress will meet on the protection of cables, It is surmised,
moreover, that the former will be presided over by M, Cochery,
Minister of Postal Telegraphy, and the latter by M. Duclere,
Minister of Foreign Affairs,

WE learn feom the North China Herald that Sir Robert Hart,
the Inspector-General of the Chinese Maritime Customs, has
fully granted his assistance to the project of a China coast
meteorological service, Formecly a certain Minister of the
Customs Officers voluntarily made observations and sent them to
M. Dechevrens, the head of the Siccawei Observatory at
Shanghai ; but these were frequently interrupted by the observers
being transferred to other ports, Sir Robert has now directed
that the observations at all the ports and lighthouses be sent to
Shanghai regularly, A storm warning service is also being
organised in Japan under the superintendence of Mr, Knipping.

THE equatorial coudé (bent equatorial) invented and designed
by M. Leewy, is in full operation at the Observatory of Paris,
Observations are conducted with it, although the clock is not yet
in place. The peculiarity is that in consequence of the bending
and the use of two reflecting mirrors, the astronomer can observe
all the celestial bodies without moving from his table, The
reflected rays are sent to the eyepiece through the axial part of
the refractor by a fixedl mirror, The object-glass is placed at
the end of the movable part, which revolves round the axial part



August 24, 1882]

NATURE

415

in an equatorial direction. The rays from the stars are received
by a reflecting mircor movable with the object-glass and rotating
at will, so that it may reflect any celestial object placed in the
same R, A, circle, The two motions of the tube in declination
and of the mirror in R.A, are given by special handles at the
disposition of the observer,

ON Monday night there was an important installation of the
Edison electric light in the ‘‘ Press Department” of the Tele-
graph Office, St. Martin’s-le-Grand, and the work thus carried
out solves what have hitherto been considered some difficult
problems in the question of electric lighting, The first interest-
ing fact is that the lighting is part of a ““system” supplied at a
distance from the place lighted, the Edison Electric Light
Company having its centre on Holborn Viaduct. The exten.
sion to the top room of the General Post Office, which was
accomplished last night, is the greatest yet made from one centre,
the distance from the dynamo-room of the company's office to
the “Press Room” of the General Post Office being 1950 feet,
The *“ Press Room” to which the Edison electric light has thus
been supplied is a very busy part of the telegraph department
(1200 persons being employed there), which occupies the whole
upper floor of the western building in St. Martin's-le-Grand,
The Post Office authorities have long been alive to the necessity
of replacing gas by electricity, and have tried more than one
so-called “‘system.” Under the advice of Mr, Preece, the
tlectrical engineer of the Post Office, the Edison system was
attached, and last night commenced its working. The first
lighting was soon after 8 o'clock, and when the gas in the Press
Room was extinguished, a turn of the switch lighted up fifty-
nine incandescent lamps of the well-known pear-shaped pattern,
with the carbon of the shape of an elongated borse-shoe, The
effect of the change was very marked, In the telegraph room
the atmosphere was heavy and heated, In the room lighted by
the Edison lamps an even light without any shadow was thrown
all over the tables, while the atmosphere, previously heated by
gas, sensibly diminished, even in the : hort space of about twenty
minutes,

Tre Italian Minister of Public Instruction has agreed to the
proposal made to the Government to participate in the inter-
national scientific expedition to the Marquesas Islands, in 1883,
to observe the solar eclipse which will take place in May of that
year, Prof. Tacchini, director of the Astronomical Observatory
of the Collegio Romano, has been entrusted with the necessary
preparations, and will go to London to purchase various instru-
ments for the study of the important phenomenon,

THE arrangements for opening the new University College of
Dundee are so far forward that Mr. William Peterson, B.A.
Oxford, assistant to the Professor of Humanity in the University
of Edinbargh, has been elected Principal, It is expected that
the College will be opened in January next,

THe Marquess of Ripon has telegraphed his acceptance of
the Presidency of Yorkshire College.

THE Bollettino of the Italian Geographical Society, alluding
to the wreck of the vessel hired by Lieut. Bove for the purpose
of exploring the channels of the Archipelago of Terra del Fuoco,
calls attention to the fact that it was only a ship temporarily
hired, and not the vessel fitted out for the Antarctic Expedition,
Lieut, Bove left Punta Arenas on April 25, and three of the
members of his expedition remained behind to undertake various
excursions on land,

WaiLst Western Europe and Western Siberia have been
complaining of a cold summer, Russia has been grumbling over
very hot weather ; and the remarks on this subject which the
Central Physical Observatory at St. Petersburg has just published
in the Golos (August 15) are very interesting. The temperature,

noticed during July last at St. Petersburg, by thermometers in
shade, were certainly above the average, but not so much as
might have been supposed from the painful impression produced
by the hot weather. The average diurnal temperature from
July 1 to 28 was 28°6 Cels. (17°'3 at 7 a.m.), and as high as
232 during July 16 to 26. It reached its maximum, 27°1
on July 18, the thermometer showing 32° at 1 p.m. Now,
the average temperature of July, as deduced from 137 years’
observations at St, Petersburg, being 17°*71, it does not differ
very much from that observed in July last, It is true that such
continuous hot weather as in July last occurs very seldom, but it
was experienced in 1761, 1763, and 1774. In 1757, the average
diurnal temperature of thirty-two consecutive days was above
20° with one single interruption, when it was but 19°3. The
maximum for July last being 32°0, it also does not much exceed
the average maximum for July, which reaches 29° whilst there
were years when it was noticed at St, Petersburg as much as
36°'1. As to such days as July 18, when the average diurnal
temperature reached 27°'1, they are rare indeed, as such days
have occurred only five times since 1757, On the contrary, the
temperatures measured by the radiation-thermometer exposed to
the sun’s rays were exceedingly high if compared with those
measured during the last few years, Their averages for July 1
to 28 were, 33°'4 at 7 a.m, ; 44>'3 at 1 p.m,; and 179 at
9 p.m. ; that is, 12°'5, 7"'0, and 1°'9, respectively, higher than
the averages for preceding years, There were in July last nine
consecutive days when the radiation-thermometer showed more
than 40° Cels, at so early an hour as 7 o’clock in the morning,
reaching as much as 42°'8 on July 26 ; and eight days when the
temperature shown by the same thermometer at 1 o'clock was
more than 50°, reaching even 57°'8 on July 18, In consequence,
the temperature of the surface of the earth rose as much as
236 instead of 187, which is the normal average ; it reached
even 45°'3, and the average for July 16 to 26 was as high as
41° 2, The evaporation was accordingly great, reaching an
average of 2°'46 millimetres per day instead of the normal
average of 1°89. The average cloudiness in July was only 50
per cent, instead of 56 per cent., and on July 16 to 26 it was
only 36 per cent, During these ten days an anti-cyclone was
blowing through Russia, its centre being above Northern Russia,
and the prevailing winds being from east and south-east. With
the appearance, on July 26, of a cyclone in North-Western
Europe, the temperature immediately fell, and at many places
there were rain and thunder,

THE dynamo-magnetic engines which killed two young men
in the Tuileries Garden on the occasion of Féte de la Jeunesse,
were not fed by the Brush system as was mentioned not only by
us, but also by the several Paris electrical papers, The fact is,
we are informed, that during the féte of July 14, the light had
been given by the Brush system, and that the magneto which
had done splendid service had been replaced by others of
another system, the Brush Company having declined to accept
the terms proposed for the Féte de la Jeunesse, But the actual
cause of the catastrophe was the nakedness of the wires used.

IN the sitting of the Paris Academy on August 21 details were
given, by an observer who chanced to be on the spot, of an
earthquake which was felt at Dijon on August 13. The duration
of the commotion was only 1 second, a slight noise for ¢ second
was heard previously, The direction of the shock was south-
west to north-east, The area was only 200 metres in breadth,
but it could be followed along a distance of more than 12,000
metres in length,

MR. STANFORD sends us a useful map of Lower Egypt, on
the scale of 14 miles to an inch,

IN reference to our recent article on Frederic Kastner, a cor-
respondent informs us that his father was not merely an Alsacian
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composer of some merit, but a learned thinker and writer who-e
numerous works are largely consulted in France, and which have
rendered great service to the art, history, and literature of
music,

TuE Report of the Chief Inspector of Mines (Mr, Couchman)
to the Minister of Mines for the Colony of Victoria, for the year
1881 is both an interesting and instructive document. It appears
that there were altogether 38,436 miners employed in the colony,
and, of these, part were engaged in alluvial mining, and part in
quartz mining. The total number of accidents was 157, by
which 72 men were killed and 108 injured. Forty of the deaths
and 43 of the cases of injury were caused by falls of earth or rock
at the surface and underground. More than 50 per cent, of the
whole were thus due to a class of accidents which claim a similar
proportion of the victims in our mines at home, The remaining
accidents arose from : falling down shafts, winzes, and shoots ;
falls of material down shafts; cage accidents; machinery in
motion ; explosion of lithofracteur, gunpowder, dynamite, &c. ;
and miscellaneous causes. After describing the nature of the
principal accidents Mr, Couchman discusses at considerable length
the dangers due to the use of nitro-glycerine compounds, and he
quotes the remarks of Lieut.-Col, Majendie upon an accident that
occurred with dynamite and blasting gelatine in the Minera lead
mine near Wrexham, on March 23, 1881, Ie also shows that
the Miners’ Accident Relief Funds are in a fairly healthy condition,
and he says that the balance sheets which were submitted to him
“afford clear proof of the great good effected by judicious com-
bination for the relief of distress and of the large amount of
beuefit distributed by these praiseworthy associations since their
establishment, The whole of the details of each accident, both
fatal and non-fatal, are set forth in tabulated form ; and five
appendices show : (A) the number of accidents that occurred in
the several divisions of each district ; (8) the names of persons
killed, whether married or single, and the number of children
left by them ; (c) the prosecutions under the Regulation of Mines
Statute, 1877 ; (D) a schedule of the amounts paid to persons
injured and to the relatives of persons killed ; (E) the causes of
the wining accidents which oceurred in the several mining dis-
tricts, The Report is thus very complete in every imaginable
kind of detail,

THE additions to the Zoological Society’s Gardens during the
past week include five Wild Boars (Sws scrofa), European, pre-
sented by the Count de Paris; an Egyptian Cat (Felis chaus)
from North Africa, presented by Lieutenants Fisher and
Farquhar and Mr, Basset, H.M.S, Bacchante; a Black Rat
(Mus rattus), Dritish, presented by Mr, W, E, Bryant ;a Thicknee
(Edicnemus crepitans), British, presented by Mr. C, W, Harding ;
an Indian Python (Python molurus) from India, presented by
Capt, Laws ; two Blue-faced Lorikeets (77ichoglossus hamatodes)
from Timor, received on approval.

SOCIETIES AND ACADEMIES
PaAr1s

Academy of Sciences, August 14.—M, Blanchard in the
chair,—The following papers were read :—Note on Dr, Andries’
theory of cyclones, by M. Faye. This German observer takes a
similar view to M. Iaye’s. Cyclones, tornadoes, and zrombes
are one and the same wechanical phenomenon, and their power-
ful action is due to the force in upper currents, Dr, Andries
furnishes experimental evidence from liquids,—On the appear-
ance of manganese on the surface of rocks, by M. Boussingault.
He found on quartz pebbles carried down by Venezuelan streams,
a thin dark pellicle of bioxide of mangane-e. A similar colora-
tion of granite on the Orinoco, Nile, and Congo, has been
observed, The natives of the Andes say that it is only the white
(colourless) rivers that produce the dark banks; they regard the
black granite rocks as unhealthy (and with reason). In the
Andes M, Boussingault found a spring containing a good deal of
mun ranese, and forming deposits lile those just referred to ; the

dark pellicle is probably due to suroxilation, in air, of the
protoxide of manganesic carbonate.— Experimental researches on
the mode of formation of craters of the moon, by M. Bergeron.
He sends hot air through a brass tube into a melted but
gradually cooling mass of Wood's Alloy, The hubbling forces
the forming pellicle aside in a circular space, giving the aspect
of a circus, then of a crater ; ere long, the mass becoming pasty,
the gas no longer clears the pellicle, but forms a cone in the
middle. Some slightly different effects are had with other alloys ;
the sides of the cone may have a more broken-upap earance, An
interruption of the current gave two concentric craters, the inner
the higher (compare the lunar Copernicus, &ec.).—Terms of
short period in the earth’s motion of rotation, by M, Rozé.—
On the cure of saccharine diabetes, by M, Félizet. Bernard
showed that irritation of a part of the medulla oblongata cavses
glycosuria, M. Félizet seeks to sup ress irritarion in the same
quarter (the cause of diabetes), by the sedative action of bromide
of potassium, and in fifteen cases he has thus effected a cure,—
On a new process of insulation of electric wires, by M, Geoffroy.
He wraps them in asbestos fibres and enclises in a lead tube.
The wire may be quite volatilised without a <park being emitted.
The lead shows no trace of fusion.—Discovery of a small planet
at Paris Observatory, by M. Paul Henry.—Description of the
Manger Praesepe in the Crab, and microwetric measures of
relative positions of the principal stars composing it, by
M. Wolf, — On the theory of uniform functions of a vari-
ble, by M. Mittag-Leffler, — General method for solution
of problems relative to principal axes and moments of inertia;
oscillation balance for estimation of moments of inertia, by
M. Brassinne.—On the lonvitudinal vibrations of elastic bars,
&e. (continued), by MM. Sébert and Hugoniot.—Hydrodynamic
experiments ; imitation by liquid or giseoas currents, of mag-
netic figures obtained with electric currents or with magnets
(sixth note), by M. Decharme. Znfer alia, water or air is forced
through a tapered glass tube against a plate covered with a thin
layer of minium diluted with water,—On the surface tension of
some liquids in contact with carbonic acid, by M. Wroblewski.
The decrease of the superficial tension of the liquids depends
solely on the fact that the superficial tension of the carbonic
acid with which they are compresced is extremely small,—On
some arseniates neutral to litmus, by MM, Filhol and Senderens.
—Fermentation of starch ; presence of a vibrion in the germi-
nating grain of maize and in the stem of this plant, by M.
Marcano, This inquiry relates to chicha, a strongly alc)holic
drink prepared by American Indians from mouize, The vibrion's
presence is regarded as clearing up several points hitherto
obscure,—On five new parasitic protozoa, by M. Kiinstler.
These were found in the larva of Melolonthus and of Oryctes, and
in tadpoles,—Researches on the organs of flizht in insects of the
order of Hemiptera, by M. Moleyre. The apparatus connecting
the anterior and posterior wings is here studied ; M, Moleyre
considers that in the sub-order Heteroptera, whose hemelytra (or
anterior wings) fulfil best the 7d/¢ of protective <heaths, the con-
necting apparatus appears, with a remarkable fixity, in its most
verfect form,—Pierre Breton and the binary nomenclature, by
. Crié.—On a disease of beet, hy M. Prillieux. This disease,
unknown in France before, and due to a ZPoronospora, has
appeared at Joinville-le- Pont (Seine). —On the coal of Muaraze,
in Zambesia, by M. Guyot. * Exploitation” seems impossible.
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