THURSDAY, JULY 23, 1891.

THE TEACHING OF FORESTRY!

A Manual of Forestry. By William Schlich, C.LE.,
Ph.D. Vol II. (London: Bradbury, Agnew, and Co.,
1889.)

IN a loop of the Main river in Lower Franconia, east of

Aschaffenburg, rises an extensive mountainous coun-

try, clothed with almost unbroken forest of singular beauty
and of enormous value. It is the Spessart, in old times
known as the home and haunt of great highway robbers,
but also known from time immemorial as the home of the
best oak timber in Germany. The red sandstone of the
Trias, which everywhere is the underlying rock in this
extensive forest country, makes a light sandy loam, which, ]
where deep, is capable of producing tall, cylindrical, well-
shaped stems. Having grown up, while young, in a
densely crowded wood, the oak here has cleared itself of
side branches at an early age. Hence these clean straight
stems, which in the case of spruce, silver fir, and other
forest trees, may justly be said to be the rule, but which
the oak does not produce, save under these and similarly
favourable circumstances. The species here is Quercus
sessiliflora : this species does not form pure forests, but is
always found mixed with other trees, the hornbeam, the
beech, and on the lower slopes of the western Schwarz-
wald, the silver fir. In the Spessart, the beech is asso-
ciated with the oak, in the same manner as the bamboo
is the chief associate of the teak tree in Burma.,

In publishing his manual of forestry, the author
wished in the first instance to place in the hands of
the students at the Coopers Hill Forest School a hand-
book to facilitate their studies. That Forest School was,
it may be remembered, established in 1885, in connection
with the Royal Indian Engineering College at the same
place, in order to give the needful professional training to
young Englishmen who desired to enter the Indian Forest
Department. Accordingly, when the first volume of that
manual appeared in 1889, it was natural that some, who
took a strong interest in the progress of forest manage-
ment in the British Indian Empire, were surprised that
the book did not deal with Indian trees, and that its
teaching related to the oak, the beech, the Scotch pine,
and other trees of Europe. By some of these zealous
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friends of Indian forestry the book was pronounced a
failure, because it did not treat of Indian forest trees. }

The principles which guide the forester in the proper |
treatment of his woods are the same all over the world, |
in India as well as in Europe. But while the application |
of these principles to the treatment of Indian forests is
not more than thirty-five years old, the methodical and |
systematic treatment of European forests is of old stand- |
ing, and has stood the test of experience. In the teak
forests of Burma, the bamboo has a position similar to that
of the beech in the oak forests of the Spessart. Oak and
teak are both trees with comparatively light foliage. Pure
woods of these species, while young, are sufficiently dense
to shade the ground, whereas at an advanced age the
wood gets thin, the canopy light, and the result is that

* See NATURE, vol. xli. p. 121.
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grass and weeds appear, and that by the action of sun and
wind the soil hardens and is less fertile than the loose
porous soil, which is shaded by dense masses of foliage.
Hence the advantage of associates, which, like the beech
in Europe and the bamboo in Burma, shade the ground
with their dense foliage and enrich it by the abundant
fall of their leaves. But it is not only the condition of the
ground which is improved by these useful associates. Teak
and oak have this specialty also in common, that, when
growing up alone, their stems, instead of running up into
clean cylindrical boles, are apt to throw out side branches,
which greatly impair the market value of the log. But
when growing up in dense masses with their natural
associates, these latter, crowding in as they do on all
sides, around the oak in the Spessart and the teak in
Burma, prevent the development of side branches and
thus produce clean and regularly shaped stems,

In these and many other ways are the associates of the
teak and of the oak useful friends, so to speak. Under
certain circumstances, however, and at certain periods of
their life, they are dangerous enemies to their more
valuable companions. On the sandstone of the Spessart
and elsewhere, the beech, as a rule, has a more vigorous
growth than the oak ; it gets the upper hand, and, unless
it is cut back or thinned out in time, the oak, if both are
growing up in an even mixture, has no chance. The
bamboo is even more formidable as an enemy of the
young teak tree. Though the teak may have had a long
start ; if a crop of bamboos—either the shoots of old
rhizomes, or perhaps the result of general seeding of the
old bamboo forest, cleared away to make room for the
teak—springs up among it, the teak is doomed. As
soon as the rhizomes of the bamboo have acquired
sufficient strength, they produce, within a few weeks,
during the rains, such a profusion of full-sized shoots,
say 20 to 30 feet high, that the young teak trees among
them are throttled and extinguished.

The similarity in the relations of teak and bamboo in
Burma, and of oak and beech in the Spessart, has led
foresters in both countries to devise similar arrangements
for the regeneration of these forests. In the Spessart, when
the old timber in a compartment of the forest is cut, the
best places for the growth of the oak are selected, and the
oak, which here sells at the rate of from 2s. to 3s. a cubic
foot for sound and well-shaped pieces, is sown on soil
most suitable for its development ; while the beech, the
timber of which only fetches about one-fifth of that amount,
is allowed to reproduce naturally from self-sown seedlings
over the rest of the area. Among the oak also a certain
but small proportion of beech springs up, and even where
pure oak woods may be the result of these proceedings, it
will not be difficult, when they are sufficiently advanced,
to introduce such a proportion of beech as will secure
their satisfactory development. In the same way in
Burma, selected areas are cleared for the growth of teak
in the original forest, the clearance being effected and
the teak planted with the aid of that rude mode of shifting
cultivation, known as the Toungya system.

Many other instances might be quoted, in which similar
practices have developed in the rearing and tending of
woods in Europe and in India. The principles of sylvi-
culture are the same everywhere, and the application
of these principles to the treatment of woods in different
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parts of the globe has, in many instances, led to the adop-
tion of similar methods ; hence Dr. Schlich was right in
selecting the timber trees of Europe to illustrate the
application of these principles in the manual before us.

Sylviculture, the author explains, is the formation and
tending of woods, and he divides his subject into four
chapters. The first of these chapters treats of preliminary
works, such as choice of species, fencing and reclamation
of the soil by draining, the fixation of shifting sands, the
breaking through of an impermeable substratum (pan)
and the like. In regard to the fixation of shifting sands,
an interesting account is given on p. 33 of the methods
which have been most successfully practised on the west
coast of France, in order to stop the progress inland of
the coast dunes, and to clothe these ridges of rolling sand
witha productive forest of the cluster pine (Pinus Pinaster).
A belt, in many places five miles wide, along the coast of
Gascony, and considerably further north, has in this
manner been reclaimed, and the steady progress of the
sand,which had covered large areas of fields and meadows,
and which had destroyed numerous villages, has thus been
arrested.

Chapter ii. deals with the formation of woods by
artificial and natural means. The Spessart, which has
been mentioned above, is an instance in which both
artificial and natural means are used in order to effect
the regeneration of the forest, so as to insure the pro-
duction of timber of the highest possible commercial
value. In most large forest districts on the continent of
Europe, both the natural and artificial method are
employed. As the author says on p. 178, neither the one
nor the other system “is the best at all times and under
any circumstances ; only a consideration of the local
conditions can lead to a sound decision as to which is
preferable in a given case.” In France, for instance, a
country highly favoured by a climate uniformly moist
and mild, where most forest trees produce seed more
frequently than in Germany, natural reproduction may,
broadly speaking, be said to be the rule and planting the
exception. But in France, also, planting operations on a
large scale have been carried out on the dunes of the
west coast as well as on bare mountain-sides of the Alps,
the Cevennes, and the Pyrenees, and, wherever neces-
sary, planting is resorted to, to supplement the natural
regeneration of the forests.

An instance in which over a large extent of country the
forests are regenerated artificially may be found in the
State forests of the kingdom of Saxony, together with most
of the communal and many of the private forests in that
country. The State forests of Saxony cover an area of
432,000 acres, and by far the larger portion of this area is
stocked with pure spruce forest treated on a short rotation
of eighty years, and regenerated artificially by planting.
The high prices realized in this industrious and thickly
populated country, even for timber of small sizes, have
gradually led to the adoption of this system ; and the
State forests of the kingdom of Saxony are a pattern of
methodical and most successful management. The forest
ranges, all in charge of highly trained superior forest
officers, are small, containing not more than 2000 to 3000
acres each, and many of these ranges have a steady regu-
lar annual yield of 140 cubic feet of timber per acre, and
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and local, of 100 marks per hectare, which corresponds
to forty shillings an acre,

But in Great Britain also, and in Scotland especially, is
the system of rearing forests by planting well understood,
and it is practised over large areas economically and suc-
cessfully. French as well as German foresters of great
practical experience have repeatedly expressed their high
sense of the skill and ability with which large plantations
are formed in Great Britain at a comparatively moderate
cost. But even foresters and wood-managers in Great
Britain may learn a good deal from this portion of Dr.
Schlich’s book. Their attention might specially be
directed to the author's remarks on p. 113, regarding
transplants which have developed a lopsided root system,
“because the trenches, into which the pricked out seed-
lings are placed, are often made so shallow, that the root
system of the plants, instead of assuming a natural posi-
tion in the ground, is altogether bent to one side.”

That section of the second chapter which deals with the
natural regeneration of woods, necessarily divides itselt
into two portions : first, natural regeneration by seed ; and
second, by shoots and suckers (pollards and coppice).
Concise brevity is one of the great merits of Dr. Schlich’s
manual, and it doubtless was necessary to curtail, and to
make a rigid selection of the mostimportant matters. But
the treatment of coppice woods and of coppice under
standards might perhaps have been a little less brief.

As regards natural regeneration by seed, the Black
Forest in South-Western Germany may be quoted as an
instance where, over extensive areas, the forest is chiefly
regenerated by natural means. The splendid logs of spruce
and silver fir, which are floated down the Rhine in num-
berless huge rafts, have all grown from self-sown seedlings,
and most of the young timber now growing up has had the
same origin. The timber which is brought to market from
these forests is much older and heavier than that sold in the
forests of Saxony, but the results of management are to
some extent similar. There are some forest ranges in the
Schwarzwald, both in the grand-duchy of Baden and in
the kingdom of Wiirttemberg, which yield the same
annual quantity of timber per acre, and furnish the same
rate of net revenue to their proprietors, as those of Saxony.
The term of rotation, of course, is much longer, and the
system of natural reproduction takes time, hence the
money value of the growing stock of old timber is very
large, much larger per acre than in Saxony. The interest,
therefore, on the capital invested (value of land plus grow-
ing crop) is less in this case. The discussion of these
matters, however, does not appertain to sylviculture, but to
forest management, with which the author will deal in a
subsequent volume of his work.

As already mentioned, in France the natural regenera-
tion of forests is the rule, chiefly owing to its wonderfully
favourable climate, Large areas, mainly of private and
communal forest, are managed in admirable style, as cop-
pice woods and as coppice under standards. The treat-
ment of high timber forests also, and their regeneration
from self-sown seedlings, by means of a regular system of
successive cuttings, has in France been brought to a high
state of perfection. This circumstance renders the
French forests specially valuable as a field of instruction
for foresters proceeding to India. For in that large

furnish a net revenue, after deducting all charges, general | country, though planting has been commenced and must
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necessarily be carried on in some instances on a large
scale, yet every effort ought to be made to develop good
systems of natural regeneration in the different provinces.

On pp. 132-64 the author gives a clear account of
the different systems which have in course of time been
devised, in order to effect the natural regeneration of
woods by seed. Under the more favourable climate of
France the desired object is generally effected by a
simple and to some extent uniform system of successive
cuttings. In Germany, on the other hand, where droughts
are frequent, frosts severe, and where good seed years
generally are of rare occurrence, the system of regular
successive cuttings, which originated in Germany, in
many cases was found to fail, and accordingly, some sixty
or seventy years ago, the tideset in in favour of artificial
reproduction. A reaction, however, has for good reasons
taken place in many parts of the country, and during the
last thirty years German foresters have been busy in
adapting the system of natural regeneration to the
peculiar conditions of each forest district. Indian forest
students should go to France, in order to become im-
pressed with the fact that under favourable circumstances
natural regeneration of high forests may be effected by
a simple and easy system of treatment. In German
forests, on the other hand, they should learn how the
difficulties of a climate frequently unfavourable have
been successfully overcome by devising systems of
treatment suitable to the requirements of each locality,
and the knowledge here acquired will be most useful, nay,
necessary, to them in India, where the conditions of
climate by no means always favour the natural regenera-
tion of the more valuable forest trees.

Space forbids a full discussion of this most important
and interesting subject. This portion of Dr. Schlich’s
book, if supplemented by the study of forests on a large
scale, particularly in Germany, will be most useful to
foresters who may be called upon to devise methods of
forest treatment in other parts of the globe, be it India,
Australia, South Africa, or North America.

Closely allied to the subject just adverted to is what the
author says in the fourth section of the same chapter
regarding the formation of mixed woods. Pure woods,
consisting of one species only, are exposed to various
risks, from which mixed woods are exempt. Hence, in
most Continental forests, there has of late years been a
strong tendency in the direction of favouring the growth
of mixed woods, such as oak and beech, oak and horn-
beam, oak and silver fir, Scotch pine and beech, and
the like. It goes without saying, that operations in this
direction, in order to be successful, must be guided by
careful study of the mode of growth and of the peculiar
requirements of the different species in different places
and under different conditions. Something has been said
above regarding the treatment of mixed woods of oak
and beech in the Spessart. But it does not follow that
oak and beech behave in the same manner everywhere.
On certain kinds of shale, belonging to the Devonian
formation, for instance, the oak rather than the beech
has the tendency to take the lead, and here mixed woods
of oak and beech can be produced from self-sown seed-
lings much more easily than would be possible on the
sandstone of the Spessart. Again, along the foot of the
Western Schwarzwald, where, as already stated, the
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silver fir is associated with the oak, this tree, though a
shade-bearer like the beech, renders it much easier for
the oak to hold its own in an even-aged mixed wood,
because in its early youth it grows very slowly, thus
giving the oak a good start in life.

Chapter iii. teaches how woods should be tended during
early youth and afterwards. Passing over what the author
says regarding cleaning of young woods and pruning, we
come to thinning operations. On p. 209 an interesting
statement is given showing the number of trees per acre
in certain mixed woods of the Schwarzwald. The figures
are as follows :—

Age of wood Number of trees
in years. per acre.
20 3960
40 1013
60 449
8o 346
100 262

Thus, during the life of a wood, and this holds good in
all cases, the number of trees per acre decreases gradually
from several thousand to a comparatively small number
at maturity. When, as usual, the object is to produce
high class timber, with clean well-shapen stems, the rule
is, as the author correctly states it: “ The wood should be
thinned lightly until towards the end of the principal
height growth ; then the thinnings should gradually
become heavier, so as to assist a selected number of
trees by the gradual removal of all those which are
inferior and diseased.” In its youth the wood is crowded,
the young trees maintaining a severe struggle for
existence. The weaker trees are suppressed and some
are actually killed, while the rest are either dominant
trees, with their head well above the others, or dominated,
though not suppressed. Formerlythinnings were generally
done by rule of thumb, the dead, oppressed, and a portion
of the dominated trees being removed. But it is obvious
that, when the object is to produce valuable timber,
thinnings must so be managed, that the trees which are
destined to attain the term of rotation, and which will
form the final crop to be cut down, in the example here
given, 262 trees per acre 100 years old, shall be sound
and regularly shaped. It is obvious that to attain this
object dominant trees also may occasionally have to be
removed, if unsound, spreading, or irregular shaped, and
this is properly recognized by the author. He justly adds
that in such cases dominated and even suppressed trees
may have to be spared in order to keep the ground well
under cover. Such would be the practice in the case of
woods consisting of one species only, or of several species
of equal value. Where one species, such as oak or teak,
is of much greater value than the others, all thinnings
must, as a matter of course, be so arranged as to favour
this species at the expense of the rest.

So far concerning the thinning of crowded woods. The
last section of the same chapter deals with the tending of
open woods for the production of large timber. Into this
subject, which is one of some difficulty, though of great
importance, it would lead too far to enter on the present
occasion,

Chapter iv. contains sylvicultural notes on British
forest trees, with notes (by Prof. H. Marshall Ward) on
botanical characters serving to distinguish the principal
British forest trees. The two species of oak dealt with in
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the sylvicultural notes are Quercus pedunculata and
Quercus sessilifiora. Botanists are well aware that the
maintenance of distinctive characters between these
two and others of the European species of Quercus
is difficult; so much so, that the best authorities on
English trees have decided to re-establish the old
species of Linnaeus, Quercus Robur, and to regard the
two species named merely as forms or varieties, The
forester has a different task, and for him the mode of
growth and the requirements of these two oaks are so
different that he must keep them separate. It will suffice
to mention one point, which has not perhaps been brought
out sufficiently by the author. The mixed woods
in which Quercus sessiliflora is associated with the
beech, the hornbeam, and the silver fir have been
mentioned above. In natural high forests this species is
only found in company with other trees, and particularly
with the three kinds named. The pure or nearly pure
coppice woods of Quercus sessiliflora in France and
Western Germany are an exception; these, however,
have been converted into pure woods by the long-
continued cutting out of beech, hornbeam, and soft
woods. Quercus pedunculata, on the other hand, does
form pure high timber forests of considerable extent.
Such are found both in Northern and Southern Europe,
not on hilly ground, but always on deep alluvial soil.
Instances are the forests on low ground along the Elbe
and other rivers of North Germany, the magnificent pure
forests of that tree on the banks of the Adour river near
Dax in Gascony, and similar ones in the peninsula of
Istria, south of Trieste. There is underwood on the
ground in the forests named, but it merely consists of
thorns and low shrubs. The two species, Quercus sessili-
flora and pedunculata have different requirements and
require somewhat different treatment. This, however, is
a small matter. These sylvicultural notes are most
valuable, and it is satisfactory that the Weymouth
pine and the Douglas fir have been included among
them.

The second volume of Dr, Schlich’s manual, like the
first, will be an immense help to the students who are
trained at the Coopers Hill College for forest service in
India. It will be a great boon to all who are charged
with the management of forests in India, in the colonies,
and in the United States of North America. And it may
perhaps be hoped that in Great Britain also this excellent
book will in course of time tend to awaken a more general
interest in the good management of its woodlands, which
are very extensive, and which some day may be of
considerable importance and of great value to their
proprietors. D. BRANDIS.

THE APPLICATIONS OF MODERN
CHEMISTRY.
Dictionary of Applied Chemistry. Vol. 11. (Eau-Nux).
(London : Longmans, 1891.)

HE editor of a dictionary of applied science, such as
the volume before me, has in these days no enviable
task to perform : much is required of him, and the diffi-
culties with which he has to contend are great. Prof.
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Thorpe has acquitted himself well, for though there may
be, indeed there are, many points with which the expert
can find fault, yet these are generally matters of detail,
and on the whole the work has been satisfactorily done,
so that the second volume will be found to be quite up to
the high level of the first. The industries which owe
their foundation to the science of chemistry now progress
with such giant strides, that processes which last year
were the newest and best may this year be so improved
as to be rendered obsolete, so that an article printed
at the commencement of a volume may become an-
tiquated before the last article is in type, whilst data
unattainable when the article was written are super-
seded by some more recently published. As an example
of this, I may take that upon “gas coal,” written
by a most competent authority, Mr. Lewis Wright.
On p. 177 will be found a table giving the weight of coal
carbonized by all the authorized gas undertakings in the
kingdom, exclusive of those of local authorities, for the
year ending March 25, 1886. Since these tables were
printed, a Board of Trade return for 1890 has been pub-
lished. In 1886, 8,378,904 tons of coal were carbonized ;
in 1890 the figure rose to 9,663,011. In 1886 the mileage
of mains was 18,967 ; in 1890 it had increased to 21,584.
These numbers point out the enormous extent of the
coal-gas industry in this country, and show clearly that it
is not suffering from the competition of electric lighting ;
indeed, this competition is favourable to the sale of gas,
for we see that our streets are now better lighted than
formerly, and the consumption of gas in many shops is
increased, in order to vie with the splendour of their
neighbours’ electric light.

As a critic is bound to criticize, I may point out some
few faults of commission and omission which have
struck me in reading through this generally excellent
article.

The important steps which have recently been taken
in many large works for charging and drawing the gas
retorts by mechanical means are barely referred to.
Great economy is doubtless effected where such labour-
saving mechanical appliances have been adopted, and a
description of these would have been of interest, as the
labour agitation in our gas-works has brought engineers
face to face with this question. Another point upon
which a statement would have been of value is the most
improved arrangements of the purifying house, and the
methods adopted for charging and discharging the puri-
fiers. That ‘‘ the whole of the sulphuretted hydrogen, car-
bonic acid, and carbon disulphide can be easily and
economically removed” (p. 200) by a combined system
of oxide and lime, and with a proper arrangement of
purifiers, is a statement to which many gas engineers
will demur. The London companies, especially, who
have a legal standard limit for sulphur compounds, find it
both difficult and expensive to keep down the impurities
to the necessary point. The illustrations given in this
article are scarcely worthy of the letter-press. Figs, 22
and 23 do not give an idea of the construction of a
modern gas-holder, some of which now have the enormous
capacity of ten million cubic feet, and are marvels of en-
gineering skill. A description of the latest improvements
would have added interest to the article.
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As an instance of the rapid progress of an industry
interfering with an adequate account being published in
the early pages of such a volume, I may refer to the
article on electro-plating, by Prof. W, C. Williams, which,
although giving a clear account of the older processes,
scarcely represents the position of to-day. Thus no
reference is found to recent methods of the electro-
deposition of metals, as, for example, the Elmore copper
process, or to that of plating by aluminium ; nor does
any mention occur of the electric power suitable or used
for depositing metals.

To justify the opinion that this volume is no unworthy
successor to that published last year, I would refer to a
few articles which are certainly the best I know on their
several subjects. First, “ Explosives,” by W. H. Deering,
coming from the pen of one who has had long experience
in the Chemical Department of the Royal Arsenal, Wool-
wich, is, as we should expect, up to the level of the time,
and in every respect excellent. Second comes Prof.
Percy Frankland’s article on fermentation. No one is
more competent than he to write on. this most fascinating
subject, and his article reads like a novel, and even better,
for “truth is stranger than fiction”; and Percy Frank-
land tells his story so clearly and well that I will not
spoil the pleasure of his readers—and they ought to be
many—by any attempt to abstract its results. Thirdly,
the article on ‘ Matches,” by Mr. Clayton, may be cited
as an admirable treatise on this important branch of
chemical manufacture, condensed into 24 pages. Not
the least important contribution are the nine tables giving,
in chronological order, lists of the numerous patented and
other inventions in thisdepartmentof chemical technology.
Lastly, I will select Mr. Wynne’s exhaustive article on
naphthalene as perhaps the most able and valuable in
the whole volume. When we learn that, although it
occupies 65 pages of the dictionary, it treats ex-
clusively of the derivatives of one hydrocarbon, and
only of those of them which are now used in the arts,
and valuable for industrial purposes, we begin to form an
idea of the extent and importance of the results of
modern organic research, which has opened out regions
illimitable, leading to practical results such as the
chemists of the last generation would have deemed
impossible.

In a dictionary of applied science the question of selec-
tion is even more difficult than in a similar work of pure
science. Here the knowledge and tact of the editor are
especially called into play. Prof, Thorpe has, I think,
chosen well, but here and there some pages are taken up
with matters of which I should be glad to learn the
present industrial value—for in the future all may have a
use. Thus I find close together the following: elaidic
acid, ericolin, erucic acid, erythrol—all, doubtless, com-
pounds of scientific interest, but hardly, I would venture
to suggest, of industrial importance.

As 1 said of the first volume, so I may say of the
second—that it does credit to the authors of the articles,
to the editor, and to the public-spirited publishers. It is
good that English scientific literature keeps up its
prestige for thoroughness, clearness, and conciseness,
and that in this volume of the dictionary no falling off
from this standard is visible. H. E, ROSCOE.
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THE FISHES OF SWITZERLAND.

Faune des Vertéhréds de la Suisse. Par Victor Fatio.
Vol. V. “ Histoire naturelle des Poissons.” 2me partie,
avec 4 planches, pp. 576. Supplémens, pp. 13. (Genéve
et Bale: H. Georg, 1890.)

AS more than eight years have elapsed since the pub-

lication of the last volume of the ‘ Faune des

Vertébrés de la Suisse,” I may preface this notice with a

few words as to the general scope and progress of this

important work. The first volume, published in the year

1869, was devoted to a detailed account of the Mammals

of Switzerland ; the third (1872) to the Reptiles and

Batrachians ; and the fourth (1882) to a part of the

Fishes (Acanthopterygians and Cyprinoids) ; the second

volume, which will contain the Birds, being still in course

of preparation.

The part now published, which is the fifth of the series,
treats of the remaining half of the fishes, notably the Sal-
monoids, which take up nearly two-thirds of the volume,
and whose study has probably occupied the author by
far the better half of the eight years which he has devoted
to its preparation.

As regards the plan of the work, the thoroughness and
originality with which the author treats his subject, and the
fairness of his criticism of his predecessors, | may be
allowed to refer to what I have said in my notice of the
first volume of the Swiss ichthyology (NATURE, vol. xxvii.
p- 220) ; stating again that “ this work rises far above the
level of a local publication, and is of as great value to the
student of European freshwater fishes as to the Swiss
naturalist.”

The species treated of in the present volume are the
following : 3 loaches, 2 shad, 8 Coregoni, 1 grayling, 1
salmon, 1 trout, 1 char, 1 pike, 1 Silurus, 1 eel, 1 burbot,
1 sturgeon, 3 lampreys. These bring the total number of
Swiss freshwater fishes to 51.

The hydrographic system of Switzerland comprises
the head-waters of four rivers, viz. the Rhine, Rhone, Po,
and Danube. The first contributes the largest contingent
to the Swiss fish fauna, viz. 42 species ; however, this
number is reduced to 28 in the upper course of the river,
above the falls of Schaffhausen. At an altitude of between
600 and 9oo m. the majority of the Cyprinoids, and
between 1000 and 1100 m. the perch, salmon, eel, and
burbot disappear. Only five species remain at that altitude,
viz. the miller’s thumb, minnow, loach (V. barbatulus),
grayling, and trout—species which likewise have the
greatest horizontal range in a northward direction.
Between 1800 and 1900 m., first the grayling and the
loach are lost, and then successively the trout, miller's
thumb, and minnow. The trout, however, can still sub-
sist in lakes up to 2630 m., into which this fish has been
introduced. The Rhine contributes five types of fishes to
the Swiss fauna which are not found in the other hydro-
graphic systems, viz. Acerina (the pope), Rhodeus, the
salmon, the sea lamprey, and the stickleback. The
absence in the southern and eastern waters of the four
first is readily accounted for by their distribution gener-
ally ; but it seems very singular that a fish like the
stickleback, which in the west of Europe extends far
southwards, and reaches even Algeria, and which is



270

NATURE

[Jury 23, 1891

supposed to be capable of easy transportation by aquatic
birds, should not have made its way into the other river-
systems,

The fishes contributed by the Rhone fall into two
categories—one comprising those of the part of the River
Doubs which is within the political boundaries of Switzer-
land ; the other including the species of the Rhone
proper above the ““ Perte.” The latter are computed to
be 20 in number, and do not call for special remarks.

The fishes of the Po show a marked difference from
those of the Rhine and Rhone. This system is repre-
sented in Switzerland by the tributary Ticino, into which
23 species enter, out of a total number of 44 Po species.
Although there is no mechanical obstacle to their ascent,
the fishes of the Po, used to a warmer climate, avoid
ascending into the cold waters from the Alps; and M.
Fatio observes, also, that generally these southern fish
do not ascend to the same high altitudes as those of the
Rhine. Eight of the Ticino species are strangers to the
rest of Switzerland, viz. a goby (Gobius), which has as-
cended from the sea; five Cyprinoids, which may be
regarded as southern representatives of northern forms;
Cobitis tenia and Alosa finta.

Of the 68 species belonging to the fauna of the Danube,
only four find their way into Switzerland through the
River Inn, viz. the miller’s thumb, minnow, grayling, and
trout. This is owing to the great elevation of this river
at its entrance into the country (1000 metres).

Ichthyologists will turn with particular interest to that
part of the volume which contains Dr. Fatio’s views
on, and his treatment of, the Salmonids; for my own
part, I could not help feeling some surprise at what ap-
pears to me a somewhat inconsistent mode of dealing
with this subject. Whilst the author distinguishes not
less than eight Swiss forms worthy of binominal designa-
tion in the genus Coregonus, he admits, besides one
species of char (Sa/mo umbla), two equivalent forms only
in the genus Sa/mo, viz. the salmon and the trout, for
which latter the collective term Sa/mo lacustris is chosen.
If a student of the European fauna, or any part of it,
arrives at the conclusion that the various forms of river,
lake, and sea trout cannot, and should not, be held to be
deserving of specific distinction, no one will deny that
there are very strong arguments in favour of this view.
In my own experience it does not seem to be desirable
to adopt that course—first, because there are certain well
characterized and well localized forms which the practical
fisherman will always distinguish, and of which the
naturalist has, somehow, to take notice ; and, secondly,
because the ichthyologist who goes beyond the narrow
limits of a fauna, and has to deal with the trout of the
whole northern hemisphere, is compelled by technical
considerations to admit those distinctions. 1 myself go
a step further, and consider it a mistake not to separate,
specifically, from the extremely variable Salmo fario,
such strongly differentiated forms as Salmo lemanus, S.
marsitii, S. venernensis, or the Loch Leven trout of the
older authors. But if, as is Dr. Fatio’s opinion, no taxo-
nomic value is to be assigned to the characters by which
those forms of trout are differentiate], then I cannot see
why in Coregonus, a closely related genus of the same
geological age and distribution, similar organic modifica-
tions should be considered to have a different bearing.
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As is well known, there are some very obscure facts
in the life-history of Salmonoids which greatly contribute
to the difficulties of their study. Dr. Fatio discusses
them very fully, but we must pass over the deductions he
draws from them, with the exception of the phenomenon
of sterility as a cause of change in the outward appear-
anceof a fish, Sterility among Salmonoids is apparently
much more common in Switzerland than in British waters ;
but ever since Siebold has drawn attention to it, its
effects seem to me to have been exaggerated. At any
rate, I have received specimens as, and, indeed, with all
the outward characters of, the so-called sterile trout of
Lake Constance, which had fully matured ova.

Like errata, appendices of works are only too often
overlooked ; I would therefore mention that the present
volume concludes with important supplements to those
which contain the Mammalia and Reptilia.

The volume is illustrated with four plates—one repre-
senting the Bondelle of the Lake of Neufchatel, the others
various details of structure, chiefly of Salmonoids.

I trust that before many years Dr. Fatio will be able
to complete his work, for which, not only his countrymen,
but every student of the European fauna, owe him a debt
of gratitude. ALBERT GUNTHER.

THE HISTORY OF MARRIAGE.

The History of Human Marriage. By Edward Wester-

marck. (London: Macmillan and Co., 1891.)

Y “history” our author means “natural history”
(p. 19), and his reason for using the odd term
“human marriage” is that “marriage, in the natural
history sense of the term, does not belong exclusively to
our species” (p. 6). According to him, “marriage is
nothing else than a more or less durable connection be-
tween male and female, lasting beyond the mere act of
propagation till after the birth of the offspring.” In this
sense marriage is ““ an almost universal institution among
birds,” and “ occurs as a rule among the monkeys, espe-
cially the anthropomorphous apes, as well as in the races
of men” (p. 20). Among mankind it is universal, and in
all probability is “an inheritance from some ape-like
progenitor” (p. 538). In this book, therefore, marriage
is taken to mean what ordinary people cail “pairing,”
and the professed subject of the volume is the natural
history of the habit of pairing in the human race. But
surely, on any proper use of terms, marriage is not simple
pairing, but such pairing as is protected and regulated by
law, or by the public opinion which in rude societies
stands for law. And the history of an institution which
is controlled by public opinion and regulated by law is
not natural history. The true history of marriage begins
where the natural history of pairing ends.

Mr. Westermarck’s definition leads him to go at length
into various topics that really belong to natural history,
but have little or nothing to do with the history of
marriage in the ordinary sense of the word; such as
sexual selection, and the means used by one sex to attract
the other. But he also deals with polyandry, kinship
through females only, infanticide, exogamy—all of which
belong to the sphere of law and custom, within which his
definition of marriage is totally inapplicable. To treat
these topics as essentially a part of the natural history of
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pairing involves a tacit assumption that the laws of
society are at bottom mere formulated instincts ; and this
assumption really underlies all our author’s theories. His
fundamental position compels him, if he will be con-
sistent with himself, to hold that every ‘nstitution con-
nected with marriage that has universal validity, or forms
an integral part of the main line of development, is
rooted in instinct, and that institutions which are not
based on instinct are necessarily exceptional, and unim-
portant for scientific history. One does not expect a
tacit assumption to be carried out with perfect consist-
ency ; but, on the whole, Mr. Westermarck’s results
correspond with his assumption, and have no evidence to
satisfy anyone that is not prepared to share the assump-
tion with him.

To show this at length would exceed the limits of a
short review ; let us, however, take, as a crucial test, Mr.
Westermarck’s explanation of the origin of exogamy. He
believes that exogamy and all laws of incest originate in
an instinctive aversion to sexual intercourse between
persons living closely together from early youth (p. 320),
and the origin of this instinct he explains as follows. He
thinks it can be proved that consanguineous marriages
are detrimental to the species. Now,

“among the ancestors of man, as among other animals,
there was, no doubt, a time when blood-relationship was
no bar to sexual intercourse. But variations, here as
elsewhere, would naturally present themselves; and
those of our ancestors who avoided in-and-in breeding
would survive, while the others would gradually decay
and ultimately perish. Thus an instinct would be deve-
loped which would be powerful enough, as a rule, to pre-
vent injurious unions. Of course, it would display itself
simply as an aversion on the part of individuals to union
with others with whom they lived ; but these, as a matter
of fact, would be blood relations, so that the result would
be survival of the fittest ” (p. 352).

The obvious and fatal objection to this theory is that it
postulates the existence of groups which through many
generations (for the survival of the fittest implies this)
avoided wiving within the group. And this is, in fact, a
well-established custom of exogamy, so that the theory
begins by postulating the very custom that it professes
to explain. Moreover, it is questionable whether Mr.
Westermarck’s theory even helps to explain the wide
diffusion of exogamy. For where wiving outside the
local group is the rule, all neighbouring groups mingle
their bloods, and consanguineous marriages are not
escaped.

It is not surprising that Mr. Westermarck, with his
habit of looking at the whole subject from a biological
point of view, should have little sympathy with the specu-
lations of a man like McLennan, to whom marriage is
not a mere fact of natural history, but a relationship
resting on contract and approved by custom or law ; and
who in all his investigations gives weight to the action of
human intelligence as the decisive factor in social pro-
gress. But it is a pity that this lack of sympathy has
sometimes prevented our author from appreciating the
full scope of McLennan’s methods and arguments. What
is said about the Levirate at pp. 510-14 could not have
been written if Mr. Westermarck had carefully read the
discussion of the subject in *“ The Patriarchal Theory” ;
nor, to mention a trivial matter, would he in that case
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have made the error of confounding the Hindu Levirate
with the Nyoga (p. 514,720f¢). And here I may also note
that the criticism of McLennan’s views of exogamy does
not take account of the posthumous and very important
paper published in the Znglish Historical Review for
January 1888.

These are details: what is more to be regretted
is that Mr. Westermarck has not learned, as he might
have done from McLennan, a sounder method of handling
the evidence drawn from the usages of rude societies.
The very possibility of reconstructing the history of
human progress rests on the fact that all over the world
mankind has been moving in the same general direction,
but at very various rates, and that careful reasoning,
aided especially by the observation of cases which exhibit
a state of transition (e,g. from one type of kinship to
another), enables us to bring out the order in which the
various observed types of social structure succeed one
another. Of all this, Mr. Westermarck does not seem to
havethe least idea. He collects facts about the prevalence
of kinship through males or through females, about for-
bidden degrees, and so forth, without ever rising to the
conception that the evidence is good for anything more
than an Znductio per enumerationem simplicem. This is
not the way in which real progress can be made.

W. ROBERTSON SMITH.

OUR BOOK SHELPF.

Geological Map of Monte Somma and Vesuvius. Con-
structed by H. J. Johnston-Lavis, M.D., M.R.C.S.,
B.-¢s-Sc., F.G.S,, &c.,during the Years 1880-88. Scale,
1: 10,000 (6'33 inches = 1 mile). In Six Sheets, with
a Pamphlet entitled “ A Short and Concise Account
of the Eruptive Phenomena and Geology of Monte
Somma and Vesuvius.,” (London: George Philip and
Son, 1891.)

DURING the latter half of last century, the changes

taking place in Vesuvius were carefully studied and faith-

fully chronicled by an English diplomatist—Sir William

Hamilton ; in the closing years of the present century,

the famous volcano has found an equally indefatigable

investigator and historian in the person of an English
medical man resident in Naples—Dr. Johnston-Lavis.

In 1884, Dr. Johnston-Lavis laid before the Geological

Society an elaborate memoir, in which he detailed the

theoretical conclusions at which he had arrived after long

and patient study of the various sections exposed on the
flanks of Somma and Vesuvius. He has now published

a very valuable addition to this work, in the form of a

map constructed on the basis of the topographical sur-

veys of the Italian Government, and coloured in accord-
ance with the views to which he has been led by his long
and painstaking geological labours.

In his general memoir on the geology of Somma
and Vesuvius, the author has divided the time covered
by the history of the volcano into four “ eras,” and these
again into eight “ phases,” while some of the latter are
subdivided into * periods.” In colouring the map, it has,
of course, not been found possible to give expression to
anything like such a minute classification of the rocks
composing the mountain as is implied in such a scheme.
The legend on the map recognizes as the great landmarks
in the past history of the volcano the paroxysm of 79 A.D.
and the great eruption of 1631, The pamphlet accom-
panying the map, Eowever, gives a very useful and read-
able abstract of the earlier memoir; and the map and
descriptive pamphlet together cannot fail to prove of the
greatest service to all students of vulcanology. By their
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publication, Dr. Johnston-Lavis has added one more to
the long list of valuable services which he has rendered
to geological science.

Les Sciences Naturelles et I’ Education. Par T. H. Huxley.
dition Francgaise. (Paris: Bailli¢re et Fils, 1891.)
THIS is a translation of various essays with which all
English students of Prof. Huxley’s writings have long
been familiar. Most of them deal with various aspects
of the question as to the true place of science in a proper
system of education ; and no one who has read them in
their original form is iikely to have forgotten the philo-
sophical power with which the subject is discussed, or the
admirable lucidity, strength, and grace of the writer’s style.
With his educational papers Prof. Huxley has associated
his well-known essays on Descartes and Auguste Comte,
which cannot fail to be of interest to French readers. He
contributes to the volume a short preface, in which he refers
with satisfaction to the astonishing advance that has been
made in the recognition of science as an instrument of
education. He warns men of the younger generation,
however, that the battle has only been half won, and that
much serious work will have to be done to secure the
triumph of the principles for which he has contended. Of
the translation it may be enough to say that Prof. Huxley
cordially commends it as a faithful rendering of his

thought.

LETTERS TO THE EDITOR.

(Zhe Editor does not hold himself responsible for opinions ex-
pressed by his corvespondents. cither can he undertake
to return, or to correspond with the writers of, rejected
manuscripts intended for this or any other part of NATURE.
No notice is taken of anonymous communications.)

W. E. Weber.

IN the article on Wilhelm Weber (NATURE, July 9, p. 229) no
mention is made of the fact that Weber and Gauss in 1833
invented and constructed a telegraph connecting the Physical
Laboratory of the University in Gottingen with the Observatory.
In Germany they are for this reason said to be the inventors of
telegraphy. This is, to say the least, a somewhat sweeping
statement, as the possibility of communicating by electricity was
known long before that time. However, there is no doubt that
‘Weber and Gauss played some part in introducing telegraphy
into practice. For my part 1 consider the purely scientific work
of either of the two men more glorious, For the enormous
practical consequences of telegraphy have nothing to do with
the scientific merit of the invention. Nevertheless I think
that an article on Wilhelm Weber would not be complete
without entering into this subject. C. RUNGE.

Hanover, Technische Hochschule, July 13.

[Conducting wires were erected between the Gottingen
Observatory and the Physical Cabinet of the University, distant
about three-quarters of an English mile, in order to obtain
accurate comparisons of the clocks. But, in addition to system-
atic daily transmission of time, the wires were from the first
frequently used for telegraphic purposes, though, with the first
arrangements, only two letters could be sent in a minute.—
G.C. F.]

Earthquake Shocks in Italy and Australia,

By a telegram from London, which appeared in the news-
papers here on the 12th and 13th inst., information is given of
a severe earthquake in Italy (about Vesuvius) on June 7 (Sun-
day). On that day, several distinct and well-marked shocks
were felt over parts of the south of Australia, and as there may
be some connection between these seismic disturbances in both
hemispheres, 1 give below the times and other information of
the disturbances experienced here.

None of the disturbances reported in Australia seem to have
been more than a *‘shake ” or skarp tremor sufficient to shake
windows and rattle crockery, &c., but they were enough, insome
instances, to produce feelings of nausea.
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June 7, at 2.5 p.m., the first disturbance occurred, and was
felt all around Melbourne and over a surrounding area of 360
square miles,

June 7, at 2.45, another shake (not so great as the first) was
also felt; in this case it was felt most severely to the east of
Melbourne,

June 7, at 7.2c, smart shock felt at Kapunda, South Australia.

June 7, at 6.45, slight shock felt at Stockport, South
Australia.  The direction of motion is variously given as [rom
north-west to south-east, south-east to north-west, and south-
west to north-east, north to south, south to north, &c. The
conclusion arrived at is that the wave was from south to north
nearly. The approximate geographical positions of the several
localities where these distur%ances occurred are as follows :—

Lat. Long.
Stockport ... 3‘.’1 21 S, 158 5’7 E.
Kapunda ... 34 21 S. 138 46 E.
Melbourne 37 508S. 144 58 E.

Melbourne, June 15. R. L. J. ELLERY.

P.S.—1It is quite probable the shocks felt at Kapunda and
Stockport were one and the same, as time is not very strictly
kept in districts distant from large towns in Australia.

Force and Determinism,

I SEE nothing to criticize in Mr. Dixon’s middle paragraph,
wherein he accurately summarizes some of the definitions of
mechanics, except that I should prefer to express the meaning of
his last sentence by saying that, if in any department something
simulated the functions of, say, energy, without obeying its pre-
cise mechanical laws, then the distinction between energy and
that something should be clearly recognized, and another name
be given to it.

I find it rather common for ‘‘life” to be thought of and
classed under the head energy, either by the use of a phrase such
as ‘‘vital energy,” or in a more direct way; the reason being
apparently that organisms while living simulate some of the
functions of energy, and cease to do so when dead. It was
against this confusion that I wrote on p. 491 (vol. xliii.).

Life has not yet been included in the domain of physics,
neither has it, so far as I am aware, been much studied under
the head biology.

And yet the disturbing action of live animals will have to be
formulated and attended to some day, even in physics; for,
though they generate no energy nor affect its amount in the
slightest degree, they certainly control it and direct it in channels
it would not otherwise have taken. The question is, How dothey
manage this? And one answer that may be givenis, By exerting
directive or guiding forces on matter.

Of course they are not limited to this, but in so far as they do
work their action is fairly understood : the energy displayed by a
gang of navvies is known to be derived from the little tin cans
they bring with them : the energy is not theirs but their victuals’,
they simply direct it. But how comes it that they can direct
the energy of victuals and atmosphere into the erection of the
precise bridge or other structure which has been planned ? What
determines the direction of the transfer of energy ?

The same question may doubtless be asked in connection with
inanimate activity : I would not be understood as assuming for
certain any clear or essential difference between the two cases ;
but in neither case do I know the answer.

The action of force in doing work, Z.¢. transferring and trans-
forming quantities of energy, has been thoroughly attended to.

The action of force in directing and guiding the transfer of
matter and energy does not seem to me to have been seriously
contemplated.

In his most recent book (*‘ The Philosophical Basis of Evolu-
tion”) Dr. Croll attacks the problem, and says that guidance is
effected by ‘“determinism” not by force. But that cannot be
admitted ; for without force the motion of matter cannot be
changed in direction any more than in speed. ZForce is certainly
necessary to direct the motion of matter, it is enezgy only which
is unnecessary ; for any transfer of energy that may occur is an
accidental, not an essential, concomitant,

1 determine to move an object : it may be only my finger, or it
may be a wheelbarrow. In so far as I do any work in the action
I dorso at the expense of my food, and there is nothing but a
chemical difficulty about that. The mystery begins when one
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asks how I manage to direct that energy along a definite path so
as to produce a willed result. The only answer I know is, ““B
a nervous impulse liberated from brain centres.” But what is it
that is thus liberated ? and what pulls the trigger to liberate it ?

By mechanical 2nalogy one would say that energy can only be
guided by force, and that force must therefore be exerted in the
brain cells; but, if so, the relation between force, which is a
mechanical thing, and will or life, or whatever it is, which is a
psychological thing, demands investigation.

I trust that Mr. Lloyd Morgan will help me to get my ideas
on these subjects straighter, and will point out if I have made
any assertions which are obviously erroneous or grotesque. The
borderland of psychology and physics is the last place in which
I would like to dogmatize ; and in a letter like this I see no harm
in airing confessedly immature and groping notions, in the hope
that ventilation may clear the air. So far as physics only is con-
cerned, I have stated how I regard the phrase ‘‘expenditure of
energy " in the Philosophical Magasine for June 1885

With regard to the crux raised in Mr. Dixon's last paragraph,
that nothing but matter can exert force, because the acting matter
must receive an equal opposite momentum, it may perhaps be
just worth noticing that an infinite mass can absorb any amount
of momentum without receiving a trace of energy or being itself
in any way affected. OLIVER J. LODGE.

Liquid Prisms,

1 0BSERVE in NATURE of July 2 (p. 207), that it is stated Herr
Wolter has rccen!l{ recommended a-monobromnaphthalene as a
substance peculiarly fitted for study of the ultra-violet part of
the spectrum, by reason of its high dispersive power and trans-
parency for the ultra-violet rays,

Perhaps I may be permitted to state that Mr. Madan pub-
lished an account of its dispersion and refractive power in the
Phil. Mag., and recommended its use in liquid prisms. Having
made use of many other substances, including methyl salicylate,
I gave this a trial.  For ordinary work it would be excellent if
colourless ; but unfortunately, no matter how free from colour it
may be when freshly prepared, long-continued use causes it to
become yellow, and in considerable thicknesses even dark brown,
For the ultra-violet rays it is undoubtedly better than carbon
disulphide, but nevertheless vractically useless, as the line N,
which it is said to transmit, has a wave-length of 3580, so that
only about one-half of the ultra-violet solar rays are observable
with it. In metallic spectra almost all lines of interest lie
between 3580 and 2000, A liquid which I considered to possess
much superior optical properties is mercuric methide ; it is per-
fectly colourless, and of such density that flint glass will float
upon it. When the glass is immersed it becomes invisible,
consequently the refraction and dispersion of the liquid are
probably exceptionally high. As far as I can recollect, being
without access to my notes, a thickness of 50 millimetres freely
transmitied all rays to about A 2900—that is to say, the entire
solar spectrum.  Unfortunately, it has its drawbacks, in being
somewhat volatile, and its vapour highly poisonous.

Stonehaven, N.B. W. N. HARTLEY.

The Identification of Templeton’s British Earthworms,

BETWEEN the years 1829 and 1836 the first series of Loudon’s
Magaszine of Natural History appeared in nine volumes. In the
last volume we find some notes on earthworms by Templeton,
which have proved somewhat puzzling to students of more recent
times. I have been fortunate enough to follow Templeton in
some of his researches, and am able to correct and verify certain
of his statements.

The Zumbricus xanthurus, Temp. (0p. cit., ix. 235), is the
angler’s gilt tail, and as such is synonymous with Zumbricus
puter, Hoffm., and Dendrobena Boeckii, Eisen. Lumbricus
gordianus, Temp. (loc. cit.), is undoubtedly the mucous worm
(Allolobophora mucosa, Eisen), or one of its near allies, all of
which are to be found of a pale rosy colour coiled up into a knot
at certain times of the year.

Ivisto Zumbricusomilurus (= Omilurus rubescens, Temp., loc.
«<it.), however, that I wish to direct special attention. Grube, in
1851 (“‘ Familien der Anneliden,” p. 101), placed it, with Temple-
ton's other worms, in a list of species which were insufficiently
characterized for systematic purposes. Vejdovsky, in 1884
{** System und Morph. der Oligochwten,” p. 62), places it among
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the questionable species without note or comment, and, so far as
I can gather, no one has been able to throw light upon it since.

Templeton says the worm is never larger than half the size of
L. terrestris, L., is of a bright reddish-brown, with the tail very
flat, and the body wunfurnished with a belt at the position of the
sexual organs. It would be very easy to suppose from this
somewhat vague account that the writer had only seen immature
specimens ; but a little careful study of his words shows that he
knew what he was writing, and that his worms were mature.
Now a mature species of LZwmbricus without a clitellum is
certainly an anomaly, and needs investigation.

While collecting Annelids recently, I came across half-a-dozen
specimens which at first sight exactly resembled Zumbricus rubel-
lus, Hoffm, I took them home for verification, and immediately
observed the difference. 1 had obtained with them typical
specimens of »ubel/us, which enabled me to make a careflul com-
parison of the two species in a living state.

The following is a description of the worm as I wrote it down
before observing Templeton's account.

Colour dark brown, iridescent on the dorsal surface anteriorly,
becoming lighter towards the posterior extremity, which is flesh-
coloured or light red, pink ventrally., Prostomium dovetailing
completely into the peristomium, and possessing a transverse
groove in the middle, as shown in the accompanying sketch,

pr
peri

I

i

Lumbricus rubescens, Segments 1 to 3 with prostomium entirely cutting
the first segment or peristomium.

Segments not annulated (or divided by transverse rings).
Length about 3 inches, total number of segments about 120,
Sete in couples as in typical Lumbricus. Male or spermiducal
pores on segment 15 with papillee, which, however, do not
extend over the neighbouring segments. Body cylindrical in
front, flattened posteriorly. The dorsal pore between 5 and
6. It appeared at first between 7 and 8, but by using
polarized light on the cuticle when spread on a glass slip the
whole series of pores in one or two specimens became clearly
visible from the fifth segment bnckwar(r.-

On the ventral surface prominent papillee appeared on seg-
ments 28 and 29, such as are often seen on typical Z, agricola,
Hoffm. Now came the crucial question, Is there no clitellum?-
By studying all the examples carefully, I found that they agreed
in one particular. The segments 34 to 39 differed in structure
from the rest on the dorsal surface. On the under surface from
33 10 40 were differentiated, and showed a glandular structure,
while the band representing the tubercula pubertatis extended
distinctly along the ventral surface of 35, 36, 37, 38.

This description of the external characters shows the worm to
be a decided Lumbricus, tested by Dr. Benham's definition in
“An Altemrl to Classify Earthworms” ; but it differs from
every one of our British species, especially in the backward
position and inconspicuous nature of the clitellum. I am unable
to refler it definitely to any of the European species, and propose
that for the present it should be known as Zumbricus rubescens
(Temp.), thus retaining the two names from Templeton’s
synonyms which are most appropriate to what I regard as the
species intended by him,

I may add that I have recently found one or two other earth-
worms in Yorkshire which have not yet been recorded as British,
and will form interesting additions to our Annelid fauna.

Idle, near Bradford, July 15. HILDERIC FRIEND,

Copepoda as an Article of Food.

DURING recent years a good deal has been said amongst
marine zoologists of the use, as a food supply, that might be
made of the enormous numbers of Copepoda that swarm in the
surface-waters of the sea, and the Prince of Monaco has pointed
out the value this widely-distributed nutritious matter might
have to shipwrecked sailors ; but I am not aware that anyone
has yet actually made the experiment of cooking and eating
Copepoda, so ch following record may be of some interest.



274

While townetting during the last few days about the North
Cape, we have had some large hauls of Copepoda ; and it
occurred to us last night, while watching the midnight sun off
the entrance to the Lyngen Fjord, that one gathering might be
spared from the preserving bottle and devoted to the saucepan.

e put out one of the smaller townets (34 feet long, mouth
1 foot in diameter) from 11.40 p.m. to midnight, the ship going
dead slow, and traversing in all, say, a mile and a half during the
20 minutes. The net when hauled in contained about three
tablespoonfuls of a large red Copepod (Calanus kﬁmnarclu'm.r,
1 think), apparently a pure gathering—what Haeckel would call
a monotonic plankton. We conveyed our material at once to
the galley, washed itin a fine colander, boiled it for a few
minutes with butter, salt, and pepper, poured it into a dish,
covered it with a thin layer of melted butter, set it in ice to
cool and stiffen, had it this morning for breakfast on thin bread-
and-butter, and found it most excellent. The taste is less pro-
nounced than that of shrimps, and has more the flavour of
lobster. Our 20 minutes’ haul of the small net through a mile
or two of sea made, when cooked in butter, a dishful which
was shared by eight people, and would probably have formed,
with biscuit or bread, a nourishing meal for one person. It
would apparently, in these seas, be easy to gather very large
quantities, which might be preserved in tins or dishes, like
potted shrimps, W. A. HERDMAN.

S.Y. Argo, Tromso, Norway, July 13.

Are Seedlings of emerocallis fulva specially Variable?

I sHALL be grateful to any of your readers who will write and
let me know their experiences as to the variability of seedlings of
Hemerocallis fulva, or who will raise it from seed in fair quantity,
and kindly communicate to me their results, which shall be duly
acknowledged.

My reason is this : there is in the formation of the pollen in
this plant a peculiarity which, according to Weismann's views,
should lead to exceptional variability in the seedlings ; but, so
far as I know, we have no evidence on the subject.

Marcus M. HARTOG.

Royal University, Dublin, July 9.

The Green Sandpiper,

ON Sunday last, July 12, I saw flying round a large pool in
Essex, a specimen of the green sandpiper. It flew leisurely
round the pool, and seemed as if it were not far from its summer
home, I think, therefore, that the bird must be nesting in the
county, and probably in the neighbourhood.

Can any of your correspondents inform me whether the nest
has been found anywhere, in recent years, in England ?

ARGYLL.

Argyll Lodge, Kensington, July 17.

LIQUIDS AND GASES.!

ALMOST exactly twenty years ago, on June 2, 1871,

Dr. Andrews, of Belfast, delivered a lecture to the
members of the Royal Institution in this hall, on “ The
Continuity of the Gaseous and the Liquid States of
Matter.” He showed in that lecture an experiment
which I had best describe in his own words:—

“Take, for example, a given volume of carbonic acid
at 50° C, orat a higher temperature, and expose it to
increasing pressure till 150 atmospheres have been
reached. In the process, its volume will steadily diminish
as the pressure augments ; and no sudden diminution of
volume, without the application of external pressure, will
occur at any stage of it. When the full pressure has
been applied, let the temperature be allowed to fall, until
the carbonic acid has reached the ordinary temperature
of the atmosphere. During the whole of this operation,
no break of continuity has occurred. It begins with a
gas, and by a series of gradual changes, presenting no-
where any abrupt alteration of volume, or sudden evolution
of heat, it ends with a liquid.

' Lecture delivered by Prof. W. Ramsay, F.R.S., atthe Ruyul Institution,
on Friday, May 8.
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“For convenience, the process has been divided into
two stages—the compression of the carbonic acid, and
its subsequent cooling. But these operations might have
been performed simultaneously, if care were taken so to
arrange the application of the pressure and the rate of
cooling, that the pressure should not be less than 76
atmospheres when the carbonic acid had cooled to 31°.”

I am able, through the kindness of Dr. Letts, Dr.
Andrews’ successor at Belfast, to show you this experi-
ment, with the identical piece of apparatus used on the
occasion of the lecture twenty years ago.

I must ask you to spend some time to-night in con-
sidering this remarkable behaviour; and, in order to
obtain a correct idea of what occurs, it is well to begin
with a study of gases, not, as in the case you have just
seen, exposed to high pressures, but under pressures not
differing greatly from that of the atmosphere, and at
temperatures which can be exactly regulated and mea-
sured. To many here to-night, such a study is unneces-
sary, owing to its familiarity ; but I will ask such of my
audience to excuse me, in order that 1 may tell my story
from the beginning.

Generally speaking, a gas, when compressed, decreases
in volume to an amount equal to that by which its pres-
sure is raised, provided its temperature be kept constant,
This was discovered by Robert Boyle in 1660 ; in 1661 he
presented to the Royal Society a Latin translation of his
book, “ Touching the Spring of the Air and its Effects.”
His words are :—

‘’Tis evident, that as common air, when reduced to
half its natural extent, obtained a spring about twice as
forcible as it had before; so the air, being thus com-
pressed, being further crowded into half this narrow
room, obtained a spring as strong again as that it last
had, and consequently four times as strong as that of
common air.”

Toillustrate this, and to show how such relations may be
expressed by a curve, I will ask your attention to this model.
We have a piston, fitting a long horizontal glass tube., It
confines air under the pressure of the atmosphere—that is,
some 15 pounds on each square inch of area of the piston.
The pressure is supposed to be registered by the height of
the liquid in the vertical tube. On increasing the volume
of the air, so as to double it, the pressure is decreased to
half its original amount, On decreasing the volume to
half its original amount, the pressure is doubled. On
again halving, the pressure is again doubled. Thus you
see a curve may be traced, in which the relation of volume
to pressure is exhibited. Such a curve, it may be remarked
incidentally, is termed an hyperbola.

We can repeat Boyle’s experiment by pouring mercury
into the open limb of this tube containing a measured
amount of air; on causing the level of the mercury in
the open limb to stand 30 inches (that is, the height of
the barometer) higher in the open limb than the closed
limb, the pressure of the atmosphere is doubled, and the
volume is halved. And on trebling the pressure of the
atmosphere the volume is reduced to one-third of its
original amount ; and, on adding other 30 inches of mer-
cury, the volume of the air is now one-quarter of that
which it originally occupied.

It must be remembered that here the temperature is
kept constant ; that it is the temperature of the surround-
ing atmosphere.

Let us next examine the behaviour of a gas when its
temperature is altered, when it becomes hotter. This tube
contains a gas—air—confined at atmospheric pressure by
mercury, in a tube surrounded by a jacket or mantle of
glass, and the vapour of boiling water can be blown into
the space between the mantle and the tube containing the
air, so as to heat the tube to 100° the temperature of the
steam. The temperature of the room is 17° C.,,and the gas
occupies 290 divisions of the scale.  On blowing in steam,
the gas expands, and on again equalizing pressure, it
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stands at 373 divisions of the scale. The gas has thus
expanded from 290 to 373 divisions, Ze. its volume has
increased by 83 divisions ; and the temperature has risen
from 17° to 100°% Z.e. through 83° This law of the ex-
pansion of gases was discovered almost simultaneously
by Dalton and Gay-Lussac in 1801 ; it usually goes by
the name of Gay-Lussac’s law. Now, if we do not allow
the volume of the gas to increase, we shall find that the
pressure will increase, in the same proportion that the
volume would have increased had the gas been allowed
to expand, the pressure having been kept constant. To
decrease the volume of the gas, then, according to Boyle’s
law, will require a higher initial pressure ; and if we were
to represent the results by a curve, we should get an
hyperbola, as before, but one lying higher as regards
pressures. And so we should get a set of hyperbolas
for higher and higher temperatures.

We have experimented up to the present with air—a
mixture of two gases, oxygen and nitrogen; and the
boiling-points of both of these elements lie at very low
temperatures : -- 184° and — 193”1 respectively. The
ordinary atmospheric temperature lies a long way above
the boiling-points of liquid oxygen and liquid nitrogen at
the ordinary atmospheric pressure. But it is open to us to
study a gas, which,at the ordinaryatmospheric temperature
and pressure, exists in the liquid state; and for this purpose
I shall choose water-gas. In order that it may be a gas at
ordinary atmospheric pressure, however, we must heat it
to a temperature above 100° C,, its boiling-point. This
tube contains water-gas at a temperature of 105° C. ; it
is under ordinary pressure, for the mercury columns are
at the same level in both the tubes and in this reservoir,
which communicates with the lower end of the tube by
means of the india-rubber tubing. The temperature
105° is maintained by the vapour of chlorobenzene, boiling
in the bulb sealed to the jacket, at a pressure lower than
that of the atmosphere.

Letus now examine the effect of increasing pressure. On
raising the reservoir, the volume of the gas is diminished,
as usual; and nearly in the ratio given by Boyle’s law ;
that is, the volume decreases in the same proportion as
the pressure increases. But a change is soon observed ;
the pressure soon ceases to rise; the distance between
the mercury in the reservoir and that in the tube remains
constant, and the gas is now condensing to liquid. The
pressure continues constant during this change ; and it is
only when all the water-gas has condensed to liquid
water that the pressure again rises. After all gas is con-
densed, an enormous increase of pressure is necessary to
cause any measurable decrease in volume, for liquid
water scarcely yields to pressure, and in such a tube as
this, no measurements could be attempted with success.

Representing this diagrammatically, the right-hand
part of the curve represents the compression of the gas;
and the curve is, as before, nearly a hyperbola. Then
comes a break, and great decrease in volume occurs
without rise of pressure, represented by a horizontal
line ; the substance in the tube here consists of water-
gas in presence of water; the vertical, or nearly
vertical line represents the sudden and great rise
of pressure, where liquid water is being slightly com-
pressed. The pressure registered by the horizontal
line is termed the *“vapour-pressure” of water. If, now,
the temperature were raised to 110°, we should have a
greater initial volume for the water-gas; it is compres-
sible by rise of the mercury as before, the relation of
pressure to volume being, as before, represented on the
diagram as an approximate hyperbola; and as before,
condensation occurs when volume is sufficiently reduced,
but this time at a higher pressure. We have again a
horizontal portion, representing the pressure of water-gas
at 110° in contact with liquid water ; again, a sharp angle
where all gaseous water is condensed, and again a very
steep curve, almost a straight line, representing the
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slight decrease of volume of water produced by a great
increase of pressure. And we should have similar lines
for 120°, 130° 140° 150°% and for all temperatures within
certain limits. Such lines are called isothermal lines,
or shortly “isothermals,” or lines of equal temperature,
and represent the relations of pressure to volume for
different temperatures.

Dr. Andrews made similar measurements of the rela-
tions between the pressures and volumes of carbon
dioxide, at pressures much higher than those I have
shown you for water. But [ prefer to speak to you
about similar results obtained by Prof. Sydney Young
and myself with ether, because Dr. Andrews was unable
to work with carbon dioxide free from air, and that in-
fluenced his results. For example, you see that the
meeting-points of his hyperbolic curves with the straight
lines of vapour-pressures are curves, and not angles ; that
is caused by the presence of about 1 part of air in 500
parts of carbon dioxide; also the condensation of gas
was not perfect, for he obtained curves at the points of
change from a mixture of liquid and gas to liquid. We,
however, were more easily able to fill a tube with ether
free from air, and you will notice that the points I have
referred to are angles, not curves.

Let me first direct your attention to the shapes of the
curves in the diagram. As the temperature rises,the vapour-
pressure lines lie at higher and higher pressures, and the
lines themselves become shorter and shorter, And
finally, at the temperature 31° for carbon dioxide, and at
195° for ether, there ceases to be a horizontal portion at
all; or rather, the curve touches the horizontal at one
point in its course. That point corresponds to a definite
temperature, 195° for ether; to a definite pressure, 27
metres of mercury, or 35'6 atmospheres ; and to a definite
volume, 4'06 cubic centimetres per gram of ether. At
that point the ether is not liquid, and it is not gas; itis a
homogeneous substance. At that temperature ether has
the appearance of a blue mist ; the striz mentioned by
Dr. Andrews, and by other observers, are the result of
unequal heating, one portion of the substance being
liquid, and another gas. You see the appearance of this
state on the screen.

When a gas is compressed, it is heated. Work is done
on the gas, and its temperature rises. If I compress the
air in this syringe forcibly, its temperature rises so high
that I can set a piece of tinder on fire, and by its help
explode a little gunpowder. If the ether at its critical
point be compressed by screwing in the screw, it is some-
what warmed, and the blue cloud disappears. Conversely,
if it is expanded a little by unscrewing the screw, and
increasing its volume, it is cooled, and a dense mist is
seen, accompanied by a shower of ether rain. This is
seen as a black fog on the screen.

I wish also to direct your attention to what happens if
the volume given to the ether is greater than the critical
volume—on increasing the volume, you see that it boils
away and evaporates completely ; and also what happens
if the volume be somewhat less than the critical volume-—-
it then expands as liquid, and completely fills the tube.
It is only at the critical volume and temperature that the
ether exists in the state of blue cloud, and has its critical
gressure. If the volume be too great, the pressure is

elow the critical pressure ; if too small, the pressure is
higher than the critical pressure,

Still one more point before we dismiss this experiment.
At a temperature some degrees below the critical tem-
perature, the meniscus, ze. the surface of the liquid, is
curved. Ithasa skin on its surface ; its molecules, as Lord
Rayleigh has recently explained in this room, attract one
another, and it exhibits surface-tension. Raise the tem-
perature, and the meniscus grows flatter ; raise it further,
and it is nearly flat, and almost invisible ; at the critical
temperature it disappears, having first become quite flat.
Surface-tension, therefore, disappears at the critical point.



A liquid would no longer rise in a narrow capillary tube ;
it would stand at the same level outside and inside.
It was suggested by Prof. James Thomson, and by Prof.

Clausius about the same time, that if the ideal state of

things were to exist, the passage from the liquid to the
gaseous state should be a continuous one, not merely at
and above the critical point. but below that temperature.
And it was suggested that the curves, shown in the figure,
instead of breaking into the straight line of vapour-
pressure, should continue sinuously. Let us see what
this conception would involve.

On decreasing the volume of a gas, it should not
liquefy at the point marked B on the diagram, but should
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still decrease in volume on increase of pressure. This

decrease should continue until the point E is reached. |

The anomalous state of matters should then occur, that a
decrease in volume should be accompanied by a decrease
of pressure. In order to lessen volume, the gas must be
exposed to a continually diminishing pressure. But such
a condition of matter is of its nature unstable, and has
never been realized.
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form pictured in this figure. The rise from the gaseous
state is a gradual one ; but the fall from the liquid stateis
abrupt.

Consider the volume 14 cubic centimetres per gram on
the figure. The equi-volume vertical line cuts the iso-
thermal linesfor the temperatures 175°% 180° 185° 190°, and
so on, at certain definite pressures, which may be read
from a properly-constructed diagram. We can map the
course of lines of equal volume, of which the instance
given is one, using temperatures as ordinates and
pressures as absciss®. We can thus find the rela-
tions of temperature to pressure for certain definite
volumes, which we may select to suit our convenience-
say, 2 ¢.C. per gram ; 3, 4, 5, 6,and so on. Now, all such
lines are straight—that is, the relation of pressure to
temperature, at constant volume, is one of the simplest ;
pressure is a linear function of temperature. Expressed
mathematically—

?

where 4 and a are constants, depending on the volume
chosen, and varying with each volume. But a straight

ot — a,

| line may be extrapolated without error; and so, having

After volume has been decreased to |

a certain point, F, decrease of volume is again attended |

by increase of pressure, and the last part of the curve is
continuous with the realizable curve representing the
compression of the liquid, above D.

Dr. Sydney Young and I succeeded, by a method which
I shall briefly describe, in mapping the actual position
of the unrealizable portions of the curve, They have the
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found values for @ and & for such a volume as 6 c.c. per
gram, by help of experiments at temperatures higher
than 195° it 1s possible by extrapolation to obtain the
pressures corresponding to temperatures below the critical
point 195° by simple means. But below that temperature
the substance at volume 6 is in practice partly liquid and
partly gas. Yet it is possible by such means to ascertain
the relations of pressure to temperature for the warealiz-
able portion of the state of a liquid—that is, we can
deduce the pressure and temperature corresponding to a
continuous change from liquid to gas. And in this
manner the sinuous lines on the figure have been
constructed.

It is possible to realize experimentally certain portions
of such continuous curves. If we condense all gaseous
ether, and, when the tube is completely filled with liquid,
carefully reduce pressure, the pressure may be lowered
considerably below the vapour-pressure corresponding to
the temperature of ebullition, without any change further
than the slight expansion of the liquid resulting from the
reduction of pressure—an expansion too small to be seen
with this apparatus. But on still further reducing
pressure, sudden ebullition occurs, and a portion of the
liquid suddenly changes into gas, while the pressure rises
quickly to the vapour-pressure corresponding to the tem-
perature. If we are successful in expelling all air or gas
from the ether in filling the tube, a considerable portion
of this curve can be experimentally realized.

The first notice of this appearance, or rather of one

| owing its existence to a precisely similar cause, is due to

Hooke, the celebrated contemporary of Boyle. It is noted
in the account of the proceedings of the Royal Society
on November 6, 1672, that “ Mr. Hooke read a discourse
of his, containing his thoughts of the experiment of the
quicksilver’s standing top-full, and far above the height of
29 inches ; together with some experiments made by him,
in order to determine the cause of this strange pheno-
menon. He was ordered to prepare those experiments
for the view of the Society.” Andon November 13 * the
experiment for the high suspension of quicksilver being
called for, it was found that it had failed. It was ordered
that thicker glasses should be provided for the next
meeting.”

There can be no doubt that this bebaviour is caused
by the attraction of the molecules of the liquid for each
other. And if the temperature be sufficiently low, the
pressure may be so reduced that it becomes negative—
that is, until the liquid is exposed to a strain or pull, as is
the mercury. This has been experimentally realized by
M. Berthelot and by Mr. Worthington, the latter of whom
has succeeded in straining alcohol at the ordinary tem-
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perature with a pull equivalent to a negative pressure of
25 atmospheres, by completely filling a bulb with
alcohol, and then cooling it. The alcohol in con-
tracting strains the bulb inwards ; and finally, when the
tension becomes very great, parts from the glass with a
sharp “ click.”

To realize a portion of the other bend of the curve, an
experiment has been devised by Mr. John Aitken. It is
as follows:—If air—that is, space, for the air plays a
secondary part—saturated with moisture be cooled, the
moisture will not deposit unless there are dust-particles
on which condensation can take place. It is not at first
evident how this corresponds to the compressing of a gas
without condensation. But a glance at the figure will
render the matter plain. Consider the isothermal 175° for
ether, at the point marked A. If it were possible to lower
the temperature to 160°, without condensation, keeping
volume constant, pressure would fall, and the gas would
then be in the state represented on the isothermal line
160° at G: that is, it would be in the same condition as
if it had been compressed without condensation.

You saw that a gas, or a liquid, is heated by com-
pression ; a piece of tinder was set on fire by the heat
evolved on compressing air. You saw that condensation
of ether was brought about by diminution of pressure—
that is, it was cooled. Now,if air be suddenly expanded,
it will do work against atmospheric pressure, and will
cool itself. This globe contains air; but the air has
been filtered carefully through cotton-wool, with the
object of excluding dust-particles. It is saturated with
moisture. On taking a stroke of the pump, so as to
exhaust the air in the globe, no change is evident; no
condensation has occurred, although the air has been so
cooled that the moisture should condense, were it possible.
On repeating the operation with the same globe, after
admitting dusty air—ordinary air from this room—a
slight fog is produced, and, owing to the light behind,
a circular rainbow is seen; a slight shower of rain has
taken place. There are comparatively few dust particles,
because only a little dusty air has been admitted. On
again repeating, the fog is denser ; there are more particles
on which moisture may condense.

One point more, and I have done. Work is measured
by the distance or height through which a weight can be
raised against the force of gravity. The British unit of
work is a foot-pound—that is, a pound raised through one
foot ; that of the metric system is one gram raised through
one centimetre. If a pound be raised through two feet,
twice as much work is done as that of raising a pound
through one foot, and an amount equal to that of raising
two pounds through one foot. The measure of work is
therefore the weight multiplied by the distance through
which it is raised. When a gas expands against pressure,
it does work. The gas may be supposed to be confined
in a vertical tube, and to propel a piston upwards, against
the pressure of the atmosphere. If such a tube has a
sectional area of one square centimetre, the gas in expand-
ing a centimetre up the tube lifts a weight of nearly
1000 grams through one centimetre; for the pressure
of the atmosphere on a square centimetre of surface is
nearly 1000 grams—that is, it does 1000 units of work, or
ergs. Sothe work done by a gasin expanding is measured
by the change of volume multiplied by the pressure. On
the figure, the change of volume is measured horizontally,
the change of pressure vertically. Hence the work done
is equivalent to the area ABCD on the figure.

If liquid, as it exists at A, change to gas as it exists at
B, the substance changes its volume, and may be made
to do work. This is familiar in the steam-engine, where
work is done by water, expanding to steam and so in-
creasing its volume. The pressure does not alter during
this change of volume, if sufficient heat be supplied, hence
the work done during such a change is given by the
rectangular area.
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Suppose that a man is conveying a trunk up to the
first story of a house, he may do it in two (or, perhaps, a
greater number of) ways. He may put a lafder up to
the drawing-room window, shoulder his trunk, and deposit
it directly on the first floor. Or he may go down the
area stairs, pass through the kitchen, up the kitchen
stairs, up the first flight, up the second flight, and down
again to the first story. The end result is the same ; and
he does the same amount of work in both cases, so far as
conveying the weight to a given height is concerned ;
because in going down-stairs he has actually allowed
work to be done on him, by the descent of the weight.

Now, the liquid in expanding to gas begins at a definite
volume ; it evaporates gradually to gas without altering
pressure, heat being, of course, communicated to it
during the change, else it would cool itself ; and it finally
ends as gas. It increases its volume by a definite amount
at a definite pressure,and so does a definite amount of
work ; this work might be utilized in driving an engine.

ut if it pass continuously from liquid to gas, the
starting-point and the end point are both the same as
before. An equal amount of work has been done. But
it has been done by going down the area stair, as it
were, and over the round I described before.

It is clear that a less amount of work has been done on
the deft-hand side of the figure than was done before ;
anda greater amount on the right-hand side ; and if I
have made my meaning clear, you will see that as much
less has been done on the one side as more has been
done on the other—that is, that the area of the figure
BEH must be equal to that of the figure AFH. Dr.
Young and I have tried this experimentally—that is, by
measuring the calculated areas ; and we found them to be

i -
is can be shown to you easily by a simple device—
namely, taking them out and weighing them. As this
diagram is an exact representation of the results of our
experiments with ether, the device can be put in practice.
We can detach these areas which are cut out in tin, and
place one in each of this pair of scales, and they balance.
The fact that a number of areas thus measured gave the
theoretical results of itself furnishes a strong support of
the justice of the conclusions we drew as regards the
forms of these curves.

To attempt to explain the reasons of this behaviour
would take more time than can be given to-night ; more-
over, to tell the truth, we do not know them. But we
have at least partial knowledge ; and we may hope that
investigations at present being carried out by Prof. Tait
may give us a clear idea of the nature of the matter, and
of the forces which act on it, and with which it acts,
during the continuous change from gas to liquid.

EXPERIMENTAL RESEARCHES ON
MECHANICAL FLIGHT.

THE following is a translation of a communication
made by Prof. S. P. Langley to the Paris Academy
of Sciences on July 13 :—

I have been carrying out some researches intimately
connected with the subject of mechanical flight, the
results of which appear to me to be worthy of attention.
They will be published shortly in detail in a memoir.
Meanwhile I wish to state the principal conclusions
arrived at.

In this memoir 1 do not pretend to develop an art of
mechanical flight ; but I demonstrate that, with motors
having the same weights as those actually constructed,
we possess at present the necessary force for sustaining,
with very rapid motion, heavy bodies in the air; for
example, inclined planes more than a thousand times.
denser than the medium in which they move.

Further, from the point of view of these experiments and.
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also of the theory underlying them, it appears to be demon-
strated that if, in an aérial movement, we have a plane
of determined dimensions and weight, inclined at such
angles and moving with such velocities that it is always
exactly sustained in horizontal flight, the more the
velocity is augmented the greater is the force necessary
to diminish the sustaining power. It follows that there
will be increasing economy of force for each augmentation
«of velocity, up to a certain limit which the experiments
have not yet determined. This assertion, which I make
here with the brevity necessary in this »&sumé, calls for a
more ample demonstration, and receives it in the memoir
that I have mentioned.

The experiments which I have made during the last
four years have been executed with an apparatus having
revolving arms about 20 metres in diameter, put in
movement by a 10 horse-power steam-engine. They are
chiefly as follows :—

(1) To compare the movements of planes or systems
of planes, the weights, surface, form, and variable arrange-
ments, the whole being always in a horizontal position,
but disposed in such a manner that it could fall freely.

(2) To determine the work necessary to move such
planes or systems of planes, when they are inclined, and
possess velocities sufficient for them to be sustained by
the reaction of the air in all the conditions of free hori-
zontal flight. :

(3) To examine the motions of aérostats provided with
their own motors, and various other analogous questions
that I shall not mention here.

As a specific example of the first category of experi-
ments which have been carried out, let us take a hori-
zontal plane, loaded (by its own weight) with 464 grams,
having a length 0'914 metre, a width o'102 metre, a
thickness 2 mm., and a density about 19oo times greater
than that of the surrounding air, acted on in the direction
of its length by a horizontal force, but able to fall freely.

The first line Lelow gives the horizontal velocities in
metres per second ; the second the time that the body
took to fall in air from a constant height of 1°22 metres,
the time of fall in a vacuum being 0’50 second.

Horizontal velocities

Time taken to fall from a l
constant height of 122
ey e s

om., §m., Iom., I§m., 20m,

0'53s., 0°61s,, 0'75s., 1'05s., 2'00s.

- 'When the experiment is made under the best condi-
tions it is striking, because, the plane having no inclina-
tion, there is no vertical component of apparent pressure
to prolong the time of fall ; and yet, although the specific
gravity is in this more than 1900 times that of the air,
and although the body is quite free to fall, it descends
very slowly, as if its weight were diminished a great
number of times. What is more, the increase in the
time of fall is even greater than the acceleration of
the lateral movement, -

The same plane, under the same conditions, except
that it was moved in the direction of its length, gave
analogous but much more marked results ; and some ob-
servations of the same kind have been made in numerous
experiments with other planes, and under more varied
-conditions,

From that which precedes, the general conclusion may
be deduced that the time of fall of a given body in air,
whatever may be its weight, may be indefinitely pro-
longed by lateral motion, and this result indicates the
account that ought to be taken of the inertia of air, in
aérial locomotion, a property which, if it has not been
meglected in this case, has certainly not received up to
the present the attention that is due to it. By this &nd
also in consequence of that which follows) we have
-established the necessity of examining more attentively
the practical possibility of an art very admissible in theory
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—that of causing heavy and conveniently disposed bodies
to slide or, if 1 may say so, to travel in air.

In order to indicate by another specific example the
nature of the data obtained in the second category of my
experiments, I will cite the results found with the same
plane, but carrying a weight of 500 grams, that is 5380
grams per square metre, inclined at different angles, and
moving in the direction of its length. It is entirely free
to rise under the pressure of the air, as in the first
example it was free to fall; but when it has left its sup-
port, the velocity is regulated in such a manner that it
will always be subjected to a horizontal motion.

The first column of the following table gives the angle
(a) with the horizon ; the second the corresponding
velocity (V) of planement—that is, the velocity which is
exactly sufficient to sustain the plane in horizontal move-
ment, when the reaction of the air causes it to rise from
its support; the third column indicates in grams the
resistances to the movement forward for the correspond-
ing velocities —a resistance that is shown by a dynamo-
meter. These three columns only contain the data of
the same experiment. The fourth column shows the
product of the values indicated in the second and third—
that is to say, the work T, in kilogram-metres per second,
which has overcome the resistance. Finally, the fifth
column, P, designates the weight in kilograms of a system
of such planes that a 1 horse-power engine ought to
cause to advance horizontally with the velocity V and at
the angle of inclination a.

v R T=YR p=_Sc0Xdss4

1003 1" X 60 X 1000
45 11°2 500 56 i 6'8
30 106 275 2° 13°0
15 11'2 128 1'4 26'5
JOYIIA T T2 88 1t 34°'8
5 . 1572 45 o'7 5575
2'14820'0 20 0'4 930

As to the values given in the last column, it is neces-
sary to add that my experiments demonstrate that, in
rapid flight, one may suppose such planes to have very
small interstices, without diminishing sensibly the power
of support of any of them.

It is also necessary to remark that the considerable
weights given here to the planes have only the object
of facilitating the quantitative experiments. [ have
found that surfaces approximately plane, and weighing
ten times less, are sufficiently strong to be employed in
flight, such as has been actually obtained, so thatin the
last case more than 85 kilograms are disposable for
motors and other accessories. As a matter of fact,
complete motors weighing less than five kilograms per
horse-power have recently been constructed.

Although I have made use of planes for my quantitative
experiments, I do not regard this form of surface as that
which gives the best results. I think, therefore, that the
weights I have given in the last column may be considered
as less than those that could be transported with the
corresponding velocities, if in free flight one is able to
guide the movement in such a manner as to assure
horizontal locomotion—an essential condition to the
economical employment of the power at our disposal.

The execution of these conditions, as of those that
impose the practical necessity of ascending and descend-
ing with safety, belongs more to the art of which I have
spoken than to my subject.

The points that I have endeavoured to demonstrate in
the memoir in question are :—

(1) That the force requisite to sustain inclined planes in
horizontal aérial locomotion diminishes, instead of in-
creasing, when the velocity is augmented ; and that up
to very high velocities—a proposition the complete ex-
perimental demonstration of which will be given in my
memoir; but I hope that its apparent improbability



Jury 23, 1891]

will be diminished by the examination of the preceding
examples.

(2) That the work necessary to sustain in high velocity
the weights of an apparatus composed of planes and a
motor may be produced by motors so light as those that
have actually been constructed, provided that care is
taken to conveniently direct the apparatus in free flight;
with other conclusions of an analogous character.

I hope soon to have the honour of submitting a more
complete account of the experiments to the Academy.

ON THE SOLID AND LIQUID PARTICLES
IN CLOUDS?

IN this paper are given the results of some observations
made while on the Rigi in May last, on the solid and
liquid particles in clouds. It was noticed, when making
observations on the number of dust particles in the atmo-
sphere, that when the top of the mountain was in cloud,
the number of particles varied greatly in short intervals ;
while previous experience had shown that at elevated sta-
tions the number was fairly constant for long periods. In
orderto investigate the case of thiswant of uniformityin the
impurity of clouded air, extreme conditions were selected,
and the air tested in cloud and in the clear air outside of
it. When this was done the clouded air was found to
have always more dust in it than the air outside. Its
humidity was of course also greater. The relative amount
of dust in pure and in clouded air varied greatly. Some
parts of the cloud had only about double the number of
particles there were in the clear air, while in other parts
the proportion was much greater. The best example
tested occurred on the 25th of the month, when there were
observed 700 particles per c.c. in the clear air, while the
number in cloud went up to over 3000, and in one cloud
to 4200 particles per c.c. These observations were taken
on the top of the mountain while the clouds were passing
over it; the readings being taken in the cloud and
again when it had passed and was replaced by clear air.
These observations at once showed the cause of the
variability in the number of dust-particles in the clouds.
The dust acted as a kind of ear-mark, and showed that
the air forming the clouds was impure valley air, which
had forced its way up into the purer air above. This
impure air had become more or less mixed with the purer
upper air. Where little of the impure air had mixed with
the upper air, the number of particles was not large, and
the clouding slight ; but where the valley air was greatly in
excess, the number of particles was great, and the cloud-
ing dense. It should be noted here that all the clouds
tested were cumulus. It is quite probable that the con-
ditions in stratus and other (f}ouds may be different.
During this visit to the Rigi there were a number of
opportunities of investigating the water particles in clouds.
The apparatus used was the small instrument described
to the Society in May last. With this instrument the
water particles in clouds can be easily seen, and the
number falling on a given area counted. The results
are similar to those already communicated to the Society
from observations made in fogs during last winter. On
observing with this instrument in clouds, the water par-
ticles were distinctly seen showering down,and the number
falling on the micrometer easily counted. The number
of drops falling was observed to vary greatly from time
to time. At times so quickly did they fall that it was
impossible to count the number that fell on only
1 sq. mm. The greatest rate actually counted was
6o drops per sq. mm. in 30 seconds, but for a
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few seconds the rate was much quicker. Though the
quick falls seldom lasted long, yet 30 drops per sq.
mm. per minute were frequently observed for a consider-
able time. The maximum rate of 60 per sq. mm. per half
minute gives 12,000 drops per square centimetre per
minute, or 77,400 drops per square inch per minute.
This does seem to be an enormous number of drops to
fall on so small an area in the time. These drops, how-
ever, are so extremely small they rapidly evaporate,
more than two or three being seldom visible at the same
time on one square of the micrometer. The denser the
cloud the quicker was the rate of fall, and as the cloud
thinned away the drops fell at longer intervals, and they
diminished in size at the same time,

It was frequently observed when the mountain-top was
in clouds, particularly if they were not very dense over-
head, that the surfaces of all exposed objects were quite
dry; not only the stones on the ground, which might
have received heat from the earth, but also wooden seats,
posts, &c., were all perfectly dry, and if wetted they soon
dried. While everything was dry, the fog-counter showed
that fine rain-drops were falling in immense numbers.
From the fact that the air was packed full of these small
drops of water, it might have been assumed that the air
was saturated, and tests with properly-protected wet and
dry bulb thermometers showed that it was saturated. A
few observations were therefore made to explain this
apparent contradiction of surfaces remaining dry while
exposed to a continued shower of fine rain and sur-
rounded by saturated air. The explanation was found to-
be, simply, radiant heat. Though the cloud may be so
dense, it is impossible to see the 