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HISTORY OF ATOMIC PHILOSOPHY.
Histoive de la Philosophic Atomistique. Par Léopold

Mabilleau, Professeur de Philosophie & la Faculté des

Lettres de Caen. 8vo. Pp.vii 4 560. (Paris: Félix

Alcan, 1895.)
LL things considered,! it seems probable that God,

in the beginning, formed matter in solid, massy,
hard, impenetrable, moveable particles, of such sizes,
figures, and with such other properties, and in such
proportion to space, as most conduced to the end for
which He formed them ; and that these primitive par-
ticles, being solids, are incomparably harder than any
porous bodies compounded of them ; even so very hard
as never to wear or break to pieces; no ordinary power
being able to divide what God himself made one in the
first creation.

“While the particles continue entire, they may compose
bodies of one and the same nature and texture in all
ages ; but should they wear away, or break in pieces,
the nature of things depending on them would be
changed. Water and earth composed of old worn'
particles would not be of the same nature and texture
now with water and earth composed of entire particles
at the beginning. And therefore, that nature may be
lasting, the changes of corporeal things are to be placed
only in various separations, and new associations, and
motions of these permanent particles ; compound par-
ticles being apt to break, not in the midst of solid
particles, but where these particles are laid together
and touch in a few points.”

This statement of Newton’s unites in a singularly
complete fashion the various aspects of the atomic
theory of which M. Mabilleau.has given us a history in
560 large octavo pages. The author begins with a
study of Kanada’s theory, as examined by Colebrooke in
his “Essays.” Proceeding to the history of the subject
in Greece, he leaves us in some doubt as to the precise
influence of these earlier Hindu doctrines on the various
Greek cosmogonies which, as he shows, developed in a
natural and logical sequence in the hands of Thales,
Anaximenes, Anaximander, Pythagoras, the Eleatic
School, and Heraclitus, into a body of doctrines from
which Leucippus and his disciple Democritus created
the atomic theory, in a form but little different from that
adopted centuries later by Newton. For Democritus, as
for the modern chemist, composition was a union of
atoms, and decomposition a separation of atoms, and
matter, consisting ultimately of these atoms, was in-
destructible.

We have no space to follow M. Mabilleau in his
detailed account of the modifications of the doctrine of
Democritus by Epicurus ; of its criticism by Aristotle ;
its revival in poetic form by Lucretius; and of the
monotheistic atomic theory of the Motécallemin in the
Middle Ages, so fiercely attacked by Maimonides in his
“Guide for the Strayed.” There are, indeed, two
aspects of the atomic theory (sufficiently apparent in
the quotation from Newton given above) which, though

1 “ Newton's Opticks,”" 2nd edit, (1768), Query 31, p. 375.
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perhaps not fundamentally separable, may yet be studied
separately : the cosmical aspect, which offers us a hypo-
thetical history of the universe ; and the physical aspect,
which offers us a hypothetical interpretation of actual
phenomena. The study of the former aspect involves
questions of religion and ethics, to which M. Mabilleau
very rightly devotes considerable attention; but we
have neither the space nor the competence to follow
him far on this ground. The interest of the atomic
theory from the scientific point of view begins again,
after Epicurus, with the alchemists, who are claimed by
the author as more or less conscious atomists ; a view
which might be discussed. But the great return to the
theory came, of course, with the Renaissance and the
return to the reading of Greek philosophers in the
original. M. Mabilleau dismisses contemptuously the
claims put forward by Lasswitz! for the Italians Giordano
Bruno, Cardan, and Telesio as advocates of various
forms of the theory, but, curiously enough, omits to
mention Galileo, who can hardly be passed over in this
connection.?

Bacon, already in the “Novum Organum ” (1621)
declared Democritus to have been the greatest philo-
sopher of antiquity, but M. Mabilleau agrees with both
Lange ? and Lasswitz (and opposes Pillon and others), in
regarding Gassendi’s development of the doctrine of
Democritus and Epicurus in the second quarter of the
seventeenth century as the real turning point in its
history,' and he even thinks that Gassendi’s claims
have been somewhat underrated hitherto ; but if this is
s0, it is rather as a precursor of what M. Mabilleau
calls Leibniz’s ‘ pan-psychical” monadology, than as a
figure in the history of science.

Opposing Descartes’ identification of matter with
extension, Gassendi adopted the idea of solid, impene-
trable and indivisible atoms, created in the beginning
with certain properties as regards their movement in
space, which control their future destinies completely ; in
addition he attributed to them a certain limited sensi-
bility.

Gassendi is important from the scientific point of view,
because he influenced Boyle,” who speaks of him in
terms of sincere admiration,

We must remember that Boyle was the author of the
modern theory and definition of the elements (a fact
which M. Mabilleau, in his philosophic conviction that
all matter is ultimately identical, passes over in silence) ;
and that the conception of chemical combination, which
has resulted from Dalton’s theory, is thus really trace-
able to Boyle : though, as Roscoe and Harden have shown
recently, it was, in its inception, due directly to the
“ Newtonian doctrine of repulsive atoms or particles.”

Very possibly, as M. Mabilleau thinks, Newton took
Gassendi’s doctrine from Boyle. To Newton’s own view
M. Mabilleau attributes the greatest importance, for he
finds in him the mainstay of the atomic theory in its

1 In his able and learned * Geschichte der Atomistik vom Mittelalter bis
Newton "

2 0p. ut ii. 37 s¢

3 In his * Hhuor? of Materialism,” translated by E. C. Thomas,

4 Lasswitz says : ** lu wnr dlener ﬁ(h.kgrlﬂ' auf die nnuke Atomistik, wenn
er auch fiir die Geschi neuen (-cdankux cnllull
doch ein schopferische T Imt m der Geschichte der Physik,”

b See, in Boyle's works, * Consldermmm .+« touching the origin of
formt, and especially vol. 1i, 6(1‘0!10 edition).

6 Roscoe and YR iew of the Atomic Theory,"

Harden's

p. 14 (pub-
lished after M. Mabilleau's work) y

Z
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“widest sense. Unfortunately he totally misunderstands, l
if we are not mistaken, Newton’s position.

It will be noticed that Newton puts his hypothesis
among his famous Quweries; he never abandoned the
reserve expressed in his “ Regulae Philosophandi.”!

And secondly, when M. Mabilleau says that the theory
of gravitation “means nothing if it does not mean that
each atom of one body gravitates independently towards
each atom of . . . (any other) body,” because Newton said
that the gravitation of a celestial body is the sum of the
gravitations of all the masses of which it is composed,
he appears to have been misled by the ordinary language
of infinitesimal analysis. The atomic hypothesis essen- |
tially involves the discontinuity of all bodies. The theory
of gravitation is equally true on the supposition that they
are continuous, and, as a matter of fact, discontinuity of
internal constitution is not taken into account in the
mathematical analysis of gravitational phenomena, The
point is of importance in judging M. Mabilleau’s per-
sonal views, because, regarding Newton’s law as “ dans
l'ordre des expressions phénoménales, la plus parfaite des
formules, étant la généralisation et la plus haute et la plus
exacte tout ensemble,” he fallaciously adduces it as one
of his most powerful arguments in favour of atomism. |

M. Mabilleau discusses in some detail the views of
Newton’s contemporaries, Locke and Leibniz, those of
Maupertuis, and later the dynamic theory of Boscovich.
But from the time of Newton onwards he seems not
only to have little acquaintance at first hand with his |
facts, but to be deserted by the powers of analysis and |
critical judgment shown earlier in the book. In his rapid |
rush through modern text-books and the popular articles |
of the Revue Scientifigue,” he passes over the supremely
important period of Black, Cavendish, Priestley and
Lavoisier, in which the experimental method for com- :
paring quantities of matter, failing which all theories of
conservation of matter had been sterile, was arrived at ;
but quotes approvingly a view of ‘“the great chemist |
Fechner” (who wrote two unimportant papers on |
chemistry) with regard to the connection between ’
Newton and Dalton. He then analyses Dalton’s work

with some accuracy, and passes on to a »dsumé of the ; ¥

development of the atomic theory in chemistry since
Dalton’s time, mainly derived from Sir Henry Roscoe’s |
address to the British Association in 1887, and Sir W, |
Crookes’ lecture on the evolution of the elements. He |
notices the importance of modern theories of organic
chemistry, but he fails altogether to recognise that
(together with certain recent developments of chemical
physics) they form absolutely the mainstay of the atomic
theory in science. It is often hardly realised how un-
productive of practical results the atomic theory has been

1 “Tn the particles [of bodies] that remain undivided, our minds are able
to distinguish yet lesser parts, as is mathematically demonstrated. But
whether the parts so distinguished and not yet divided, may, by the powers
of nature, be acluall}' divided and separated from one another, we cannot
certainly determine ” (Principia, trans. by Motte, edit, 1803, ii. 161),

2 In which he misspells the names of most of the people he quotes, whether
they are French or not. Thus we find, almost throughout, Schutzemberger
for Schutzenberger, Malard for Mallard, Wiirtz for Wurtz, Hoffmann for
Hofmann, Thornsen for Thomsen, ITungfleisch for Jungfleisch, Kirchoft for
Kirchhoff, Lockyers for Lockyer, Krug (p. s21) for Kriiss, Carnelly for
Carnelley, Keku?é for Kekulé, &c. Inone or two places Boyle is written
Bayle, which might lead to confusion, But the climax is attained when,
after some hesitation between the spellings Prout and Proust, with reference
to the work done by these two chemists, the one English, the other French,
M. Mabilleau identifies them boldly by writing (p. 516) ** i’rout (ou Proust).”
Earlier in the volume we find Munck everywhere for Munk, &ec.
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elsewhere. Incidentally M. Mabilleau makes many
mistakes, which imply a curious failure in the power to
grasp a new subject, indispensable to the historian.
Victor Meyer is supposed to have decomposed the atoms
of simple substances; Joule to have proved that any
change in molecular constitution is accompanied by an
absorption of heat, and thereby to have inaugurated
thermo-chemistry in 1872 (!); &c. The function of the
atomic theory in physics is discussed in the brief space
of five pages, devoted chiefly to the transformation of
crystal forms with increase of temperature, and after a
scarcely sufficient account of modern criticisms of the
idea of continuity in pure mathematics, M. Mabilleau’s
book concludes.

He sums up in favour of the existence of atoms con-
trolled by a transcendental law given at the creation of
the world, the last sentence of the book being * Voltaire
nous avait bien dit que la philosophie corpusculaire est
le plus court chemin pour trouver '’Ame et Dieu.”

This sentence explains the whole book, which is rather
like the special pleading of an extremely supple-minded
barrister than the work of an impartial historian. M.
Mabilleau’s book was written as a prize essay, and it
obtained a prize from the French Académie des Sciences
morales et politiques. But it was evidently written in
a limited time, and, in consequence, M. Mabilleau’s
references are (and he does not conceal the fact)
mainly second-hand. With references of this kind only
an expert can deal with any degree of safeness, and in
scientific matters, as we have seen, M. Mabilleau is far
from being such,

For the historian of philosophy, M. Mabilleau’s com-
pilation will be useful. To the logical analysis of modern
molecular and atomic theories, to which Stallo, Lasswitz,
Mach, Pearson, Ostwald, and others have made valuable
contributions, and which is still far from being exhausted,
he adds nothing. 2

In conclusion, we may note that the book, though

| admirably printed and well arranged, has a most meagre

table of contents and no index. P. J. HarTOG.

MAXWELLS EQUATIONS OF THE ELECTRO-
MAGNETIC FIELD.

Theory of Electricity and Magnetism. By Charles
Emerson Curry, Ph.D. With a preface by Profl.
Boltzmann. Pp. xv + 442. (London: Macmillan and

Co., Ltd,, 1897.)

A WORK on electricity and magnetism which, start-

ing from the differential equations of the electro-
magnetic field, works backwards to the experimental
phenomena, cannot well be used as a text-book by the
beginner, but may be of great value to one who has
already studied the facts and theories of the subject in
their historical order. Of such a nature is Dr. Curry's
treatise, the avowed object of which is, after forming
certain conceptions and making various assumptions con-
cerning the ether which practically constitute a formu-
lation of Maxwell’s theory, to derive therefrom, and
explain thereby, all electric and magnetic phenomena, It
is, in fact, a study in the interpretation of differential
equations in terms of mechanical analogies or concrete
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representations, and is an interesting example of the
manner in which the theory of electricity and magnetism
is treated on the continent.

It is assumed that electric phenomena are due to |

motion of some sort going on in every volume element
of the ether, and the displacement produced by this
motion is represented by a vector called the * tonic
vector.” Quadratic functions of the time differentials
of the components of this vector are then assumed for
the kinetic energy and the rate of conversion of electrical
energy into heat, while the potential of the forces which
resist the tonic motion is assumed to be a quadratic
function of the curls of the same vector. The applica-
tion of Hamilton’s principle at once gives the equations
of motion of the ether, and these, by a slight modifi-
cation, become identical with Maxwell’s equations. This
modification is described by the author as a change in
the system of units, but it is really a change in the
system of quantities discussed.

In nearly all works on electricity this subject of units
is treated in such a way that it presents a serious
stumbling-block to the student. He is, for instance,
almost led by the phraseology to suppose that quantities
of electricity in the electrostatic and electromagnetic
systems are quantities of precisely the same nature, just
as are a pound and a gramme of water, for example ; but
that, being regarded from different points of view, they
have somehow different dimensions in terms of the funda-
mental units ; and not infrequently, by an exercise of
faith rather than of reason, he believes this. A quantity
of water may be measured either by its mass or by its
volume, and, loosely speaking, either result is the measure
of the quantity of water. But, speaking accurately, we
cannot measure the quantity of water ; we can measure
certain properties of that quantity, of which one is the
mass and another and different property is the volume.
In a precisely similar manner electricity measured by the
electrostatic system is one property of the electricity,
and electricity measured by the electromagnetic system
is another property ; either may be arbitrarily defined as
the quantity of the electricity, but it is inconsistent and
misleading to describe both properties by the same
name. :

The concrete representation suggested as an inter-
pretation of the Maxwellian equations is modelled on
the theory of von Helmholtz, and is characterised by
three main features. The first of these is the familiar
conception of two incompressible fluids, the positive and
negative real electricities ; in a dielectric the real elec-
tricity is supposed to be bound, so that it cannot move
out of the volume element in which it exists ; but in a
conducting medium it is capable of moving, and does so
with a velocity proportional to the force acting on it. It
is then found that, in the electrostatic state, the force
acting on the real electricity is such as would be due to
a certain distribution throughout space of a substance
which repels the real electricity according to the law
of the inverse square. An arbitrary multiple of the
density of this supposed substance is defined as the
density of the free electricity, and this constitutes the
second main feature of the concrete representation.
To bring about some simple relation between these
two sorts of electricity the third main feature is
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introduced, namely the conception of electric polar-
isation ; 1t is supposed that the real electricity within
any volume element is capable of moving in such
a way under the influence of electromotive force that
positive electricity appears at one end of the element
and negative at the other ; thus there arises a density

| of electricity due to electric polarisation, and the defini-

tions are such that at any point the density of the free
electricity proves to be equal to the sum of the densities
of the real electricity and of that due to polarisation.

Round these three conceptions are gathered several
subsidiary definitions and suppositions, the mathematical
reasoning being intricate and detailed ; the whole con-
stitutes a scheme of considerable complexity, of which
indeed it is difficult to form a clear conception ; as a
physical theory, it would of course be extremely un.
natural, but as a mere illustrative analogy it is instructive,

After considering Maxwell’s equations of action at a
distance, Dr. Curry shows by what assumptions and
what modifications of the concrete representation we
may pass from them to von Helmholtz's scheme ; and
he then considers the independent derivation of the
latter from empirical laws.

There is an interesting chapter on the theory of the
Hertzian oscillations, founded on Hertz’'s own memoir,
but with the analysis given in greater detail. Other
chapters deal with cyclic motions and illustrative
mechanisms, with longitudinal ether oscillations, and
with the theory of electric and magnetic striction.

The work is, on the whole, characterised by a clear
style, though several serious difficulties are ignored, and
some of the main features in the reasoning are not
emphasised as their importance deserves. Thus in the
transition from Maxwell’s to von Helmholtz’s equations
the reader is left in considerable doubt as to whether
certain of the suggested modifications are purely arbitrary
assumptions corresponding to radical changes in the
concrete representation, or merely a presenting of the
old differential equations in a slightly altered form.
There are also some serious errors which greatly dis-
figure the book, though fortunately they do not invalidate
the leading argument. Thus on page 33 we are offered
two different schemes of the dimensions of the quantities
of the electrostatic system in terms of the fundamental
units, a result due to a confusion of angular momentum
with density of angular momentum. The kinematics on
page 10 are faulty ; and on page 23 we find the dissi-
pation function spoken of as an energy function, and
actually treated as such in the application of Hamilton’s
principle. T G L2,

OUR BOOK SHELF.

Reform of Chemical and Physical Calculations.
. T. Hanssen, C.E. Pp. xvi + 72.
F. N. Spon, Ltd., 1897.)
THE book deals specially with calculations of specific
and latent heat, and heat of combustion of various
substances. In the preface the author states that all his
deductions are based upon the natural laws of atomic
combination, heating, expansion and compression of
aeriform substances, upon a few of the best substantiated
experiments, and upon the fact, discovered by the author,
that, near the 41° of latitude, the specific gravity of

By C.
(London : E. and
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oxygen gas of atmospheric density, at the temperature l English students of bird-life it will be of real value.

of freezing water, is exactly 1/700 of the gravity of
distilled water, at its temperature of greatest density.
He advocates this as an international circle of latitude
for all gravitational calculations. The author says that
“from this fact as a starting point, all fundamental
values have been determined, and expressed with
absolute exactness in units and vulgar fractions instead
of approximately by rows of decimals,” and he claims
that his arithmetical method gives an “absolute accuracy
of results, and a facility of manipulation not attainable
by any other known method.”

It is possible that the use of convenient vulgar
fractions for physical constants may conduce to facility
of arithmetical manipulation, but the author, for the
sake of his vulgar fractions, makes assumptions which
can surely not conduce to the absolute accuracy which
he claims. For example, he takes 17/12 as the ratio
between the specific heats of gases at constant pressure
and at constant volume, because 17/12 is a simple
fraction zo? far removed from the determined value of
the ratio for simple gases, and, moreover, in spite of

experimental evidence to the contrary he uses the same |
The author |

ratio in the case of such gases as CO,
also advocates, and uses, a new scale of temperatures,
not very different from the absolute Centigrade scale, to
facilitate his arithmetical work. This he calls the
normal scale.

The author makes a great number of calculations, |

arranging the results in tables. Where experimental
evidence is at variance with any of these results he con-
siders the experiments are inaccurate. The arithmetical
work is conducted with considerable ingenuity, though
occasionally the mode of statement of details is not un-
exceptionable, ¢.¢. (on p. 24), log 0'00000 ~ log 0'21249
= log T'78751 = 0'61307.

Prof. G. Karsten, of Kiel, has written an introduction

to the book, in which he calls special attention to the |

author’s proposal (mentioned above) that all observations
and calculations on gravity should be referred to one
common international circle of latitude, to be called the
circle of international gravily. He also mentions § 8o
and Table xxiii. as samples of the satisfactory results of
the author’s calculations and observations on heat pro-
duced by combustion, and recommends the book to the
attention of scientific men.

The book on the whole, though the calculations are, in
many parts, of considerable and varied interest, does not
seem to justify its ambitious title. '

Citizen Bird: Scenes
Jor Beginners. By Mabel Osgood Wright and Elliot
Coues. P’p. xiv + 430. (New York: The Macmillan
Company. London: Macmillan and Co., Ltd., 1897.)

THIS book consists of a series of pleasant dialogues

between Dr. Roy Hunter and some children, at Orchard

Farm in New England, in which the children learn the

appearance and habits of a great number of the birds

around them. It has been rather unfairly compared in

a daily paper to “ Sandford and Merton.” It must be

| very few are identical with ours.

Here we have the actual every-day life of the birds most
familiar to the New Englander, which very few of us
can hope ever to study in their own homes. Many
of them, of course, closely resemble our own, and a
But the great majority

| are new to us, land of these we learn very pleasantly

1a'om Bird-life in plain English |

allowed that the didactic dialogue is apt to be tiresome, |

and in this case the children are of course a little un-
natural in their acuteness and their ardent desire to
learn. English boys would probably learn better from
a sound and scholarly handbook : one in whose hands
I to-day placed Sir Humphry Davy’s * Salmonia,” after
a few days’ trout-fishing, not unjustly complained that
Halieutes and his pupils always caught exactly the fish
they wanted—which was not the case when he was
fishing. It may perhaps be doubted whether the
experiment would answer on this side the water.

ut the familiar names of Dr, Coues and Miss M. A.
Wright are a more than sufficient guarantee of the
excellence of the ornithological part of the book, and to
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from this book something that we could not have picked
up except by crossing the Atlantic ourselves. The
photographic illustrations are excellent ; and there is
a useful index and a classification of North American
birds. But perhaps the best thing in the book is the
account given by Mammy Bun, the negress, of the
mocking-bird as she knew it in the Southern States.
W. WARDE FOWLER.

d LETTER TO THE EDITOR.

[Zhe Editor does not hold himself responsible for opinions ex-
pressed by his corvespondents. Neither can he undertake
to return, or to corvespond with the writers of, rejected
manuscripls intended for this or any other part of NATURE.
No notice is taken of anonymous communications.)

The Worsted Test for Colour Vision,

IN NATURE of September 23 reference is made to the death
of Dr. A. F. Holmgren, professor of physiology in Upsala
University. *‘ His attention,” it is said, ‘“‘was in the early
seventies directed to colour-blindness, and in 1878, he published
his well-known work on colour-blindness in relation to railways
and the Navy, thus bringi‘rfl& to a practical issue the work long
before begun by Geotrge Wilson, of Edinburgh (1855). This
led him to the invention of his now well-known worsted test for
colour vision.”

May I be allowed to say that Prof. George Wilson, of Edin-
burgh (my brother) was, during a long series of investigations as
to the nature and extent of this peculiarity of vision, constantly in
the habit of using the *‘ worsted test.” In his work, ** Researches
on Colour Blindness ” (published in 1855 by Messrs. Sutherland
and Knox, Edinburgh, and Simpkin, Marshall, and Co., London),
references very frequently occur to the use of wools as a colour
test. On page 25 he says, *‘ Dr. Y., aged 27, when requested to
match coloured worsteds by daylight placed the full reds and
greens together, but when the same skeins were placed before
him b,y gaslight, he picked out the greens and placed them
apart.

[At page 44, while examining artillery soldiers at Leith Fort,
he put into the hands of one man a bundle of coloured wools,
from which he was to make a selection. The soldier was
nervous, but retained with firm grasp a yellow skein of wool,
putting it in the bundle containing red purple and red
brown, with manifest perplexity at all the colours being alike.
Page 40, soldiers in the Edinburgh garrison, known by previous
experiments to be colour-blind, were closclz watched while
Jrom a heap of coloured wools each one was asked to select first
the red skeins and then the green, no notice being taken of the
selection made till eight or nine skeins were set aside as red and
the same number as green,

At page 70, 437 soldiers were asked to assort coloured papers,
wools, and pieces of glass, and to place those of the same hue
together. At page 77 a young Kaffir gentleman, whose know-
lec {;e of English was limited, was asked to match Berlin wools
and tinted papers. :

One advantage gained by making wools the test, was that
many of the colour-blind have a specially keen sense of minute
details, so that in seeing the same object more than once, they
would recognise it by some small point or wrinkle or crease,
scarcely perceptible to an ordinary observer. In the wool test
this power was of no service to them,

I think from the examples quoted (and many more might be
;éi\-en), priority in making use of the *‘worsted test” may
airly be claimed for Prot. George Wilsons At many of the
lectures given by him on this subject a diagram was exhibited,
consisting of a square of calico to which were attached speci
mens of wools as selected by the colour-blind tested by him. In
the course of time the colours faded, so as to lessen its value, and
it was put aside, JESSIE A, SIME.

12 Atholl Place, Edinburgh,
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THE SOCIAL SYSTEM OF TERMITES}
HOUGH more than a century has elapsed since
Smeathman published the first careful account of
Termitidee, but few workers have substantially increased
our knowledge of the subject. The reasons for this
apparent apathy lie, indeed, on the surface. With few
exceptions the Termites are tropical or sub-tropical in
habitat ; avoiding light, and living in vast concealed com-
munities, their cryptic manner of life renders the task of
observation extremely prolonged and arduous, while the
multiplicity of forms in a single species, and the diffi-
culties attending their preservation, have earned them
little regard from the systematist.

The first marked advance towards unravelling the
complexity of the Termite community was made by the
great naturalist so lately lost to science, Fritz Miiller.
Following out Lespeés’ observations on the nymphs, he
showed that a certain number of Termitida reach
maturity and propagate without leaving the nest or
acquiring the imaginal characteristics, and contended
that the function of the swarming adults was not that of
founding fresh colonies, but of furnishing royal pairs to
pre-existing orphaned nests.

His conclusions were supl)orted by observations in
nature, but were not made the subject of experiment ;
they are to be regarded as suggestions, which, however,
approach very nearly to the truth,

The subject was taken up by Prof. Grassi in order to
investigate the origin of the sterile castes, and the results
of seven years’ labour have been put forward in a mono-
graph which, for the first time, places the nature of the
Termite society beyond the reach of speculation. Intri-
cate as the memoir is in the presentation of facts and in-
ferences, it cannot but leave the reader with a profound
sense of the perseverance, fertility in experiment, and
deductive ability which it reveals.

Species of two genera, Calotermes and Zermes, were
studied, and success was largely due to the fact that it
was found possible to keep small numbers of the former
genus alive for long periods in corked test-tubes contain-
ing rotten wood. Careful observation thus became prac-
ticable, and by varying the number and kind of individuals
introduced, their development and inter-relations could
be studied.

Grassi’s work on Calofermes shows that the eggs are
of one kind and the newly-hatched larvae undifferentiated,
the caste distinctions arising after birth, and depending
on the development of the genitalia. If this proceeds
normally, the larva ultimately becomes a wingecfimago 3
if it is arrested at any period before the completion of the
nymph-stage, the larva becomes a soldier ; and finally, if
it is precociously stimulated, a neoteinic form is produced,
one, that is, which reaches sexual maturity without ever
acquiring the imaginal characters. The insect remains
plastic until the atrophic change of the genitalia has been
set up ; thus, a soldier-larva or soldier cannot be modi-
fied, Eut a nymph can be converted into a soldier possess-
ing wing-buds (a “nymph-soldier”). These buds may
be subsequently reabsorbed, so that a retrogression
actually takes place. The colony is headed normally
by a single king and queen derived from the perfect
insects ; should either or both be missing, their place
is supplied by neoteinic “substitute” forms, which are
then always produced if the society contains examples
capable of undergoing this modification. An orphaned
colony may be made to produce a much larger number
of substitutes if subdivided into small societies than if
kept together, and the same is true of the soldiers. This
and similar observations go clearly to show that the
modification of these individuals is no way predestined.

1 ‘““7The Constitution and Development of the Society of Termites, &c."

" By Prof. B. Grassi and Dr. A. Sandias, English translation in the

Oluarterly Journal of Microscopical Science, vols. 39 and 46; with five
plates.,
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The insects must possess the faculty for estimating a
numerical ratio, and if the number of soldiers or royal sub-
stitutes is in excess of their needs, the supernumeraries
are killed and eaten !

The colony of 7ermes is more complex and more
difficult to study : it is similar in character except that
it contains two sterile castes, soldiers and workers, and
two kinds of neoteinic forms ; one, the “complementary
royal forms” are constantly present in large numbers as
the ordinary reproductive members; the other, the
“substitute forms,” are developed on an emergency to
supply their loss. In Sicily, according to Grassi, the
winged imagos are entirely lost after swarming, and
never give rise to fresh societies ; but there is evidence
that this remarkable example of natural wastefulness
is not constantly exhibited in France. According to
Marlatt, the closely-allied 7ermes flavipes of North
America is known to reproduce by means of comple-
mentary forms alone.

Grasst holds that the caste-modifications are caused
by variation in nutriment, and records a series of minute
observations on the rather repulsive feeding-habits of
these insects, made chiefly by his coadjutor Dr, Sandias.
The staple food is wood, passed and repassed through
the alimentary canal of several individuals ; the society
tolerates no waste, and everything of nutritive value, cast
skins and dead bodies alike, is greedily devoured.

Newly-born larvie and forms destined for sexual
maturity are fed upon the saliva of their comrades, the
largest amount being given to those which are becoming
neoteinic ; within forty-eight hours after its adminis-
tration they become altered, acquiring ocular pigmenta-
tion and a translucent white appearance.

It 1s therefore contended that sexual development is
directly stimulated by the saliva taken as food ; but a
disturbing factor has had to be eliminated. The alimen-
tary canal of most Termites teems with protozoa, which
bring about the dilatation of a caecal ampulla so as to fill
the greater part of the abdomen. These protozoa dis-
appear under the influence of a salivary diet, and the
question has arisen whether the resulting diminution in
size of the ampulla may cause the gonads to ripen. Grassi
answers this in the negative. All Termites lose their
parasitic protozoa at the time of moulting, and by taking
advantage of this circumstance he has been able to keep
colonies alive for a month or more entirely free from
protozoa. A few examples only in these colonies became
neoteinic ; and it is therefore clear that the saliva is one,
if not the only, necessary factor in bringing about sexual
maturity.

No light has been thrown on the causes which, in
Termes, lead to the differentiation of the soldier from the
worker ; but it may be reasonably inferred that they are
also due to differences in nutrition.

As already indicated, the results of this research are
directly opposed to the hypothesis that special ova or
special sets of ‘“determinants” exist for the various
castes in Termitidae, It is not necessary here to dwell
upon this point, which, it may be recollected, has been
dealt with conclusively by Mr. Herbert Spencer in his
controversy with Prof. Weismann (Contemporary Review,
October 1894).

The. means by which the special characters of the
sterile castes are inherited is a matter which has caused
Prof. Grassi some trouble. In the original memoir he
appears scarcely to have made up his mind on the point ;
but in a footnote appended to the English translation he
puts forward the supposition previously advanced by him
in the case of bees, that it is to be interpreted by the
exceptional occurrence of soldiers and workers capable
of oviposition, This view is supported by the discovery
of a “ nymph-soldier” with well-developed ovarian tubes.
Much more evidence is still required as to the occasional
existence of fertile soldiers and workers, especially in
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species, if such exist, in which the caste distinctions are
still incipient. If it can be shown that the evolution of
caste characters is in any way anterior to the loss of
fertility, the difficulties of interpretation will disappear ;
at present the evidence points to the fact that owing to
qualitative changes in nutrition, rather than simple mal-
nutrition, an atrophy of the sexual organs is set up which
is correlated with a hypertrophic modification of other
structures, by a deflection, so to speak, of the nutritive
stimulus.

Many neoteinic forms show no trace of wings. If the
termite colony were headed by such forms only, the
phenomenon, as Grassi points out, would occasion no
surprise, but all valid evidence would be wanting that
the species had ever possessed wings. This leads to the
admission on his part that there is no proof that all
existing wingless insects may not be descended from
winged ancestors, and in the absence of such a proof he
is led to reject Brauer’s division of Insecta into Aptery-
gogenea and Pterygogenea.

Space forbids any reference to the full account of the
social life, habits and instincts of the species which Prof.
Grassi has studied. Their intelligence, though remark-
able, is far inferior to that of ants, and may be profitably
contrasted therewith. Whilst referring to this subject, it
may be worth while to call the attention of those inter-
ested in animal psychology to two lately-published pam-
phlets on the subject, particularly that on the psychology

of ants,! by Father Wasmann, a most careful observer |

and thorough student of animal intelligence.

One practical result of Grassi’s work requires mention.
An isolated group of ten or a dozen Termites, containing
any forms which have not begun to undergo the atrophic
changes induced in the sterile castes, is capable of
converting such forms into- reproductive individuals ;
and the little society, thus started, possesses the power
of multiplying into a large colony.

It is therefore hopeless to attempt the extermination of
Termites merely by the destruction of the kings and
queens. W. F. H. BLANDFORD.

PERIODICAL COMETS.

’I‘HE number of comets of short period which are
expected to return to perihelion during the next
two years is remarkable, In 1898 the following comets
are due :—Pons-Winnecke (April), Encke (May), Swift,
1889 VI. (June), Wolf (June), Tempel, 1867 I1. (Septem-
ber) ; in 1899, Denning, 1881 V. (January), Tempel, 1866 '
I. (March), Barnard, 1892 V. (April), Tuttle, 1858, I.
(May), Holmes (May), and Tempel 1873 I1. (July).
addition to these, 1898 may possibly witness a return of

Biela’s comet, last seen in 1852, and of Coggia’s, 1873 |

VL ; but these are doubtful, and the prospect of re-
observing them appears to be very limited. Thus there
are thirteen known comets which may present them-
selves for detection, but several of them will be enabled
to elude observation in consequence of their unfavour-
able position, and in one or two cases the objects may
escape owing to the uncertainty now existing as to the
exact periodic times,

Apart from the large number of interesting comets
which are likely to be visible, several fine meteoric
showers will probably occur, for the Leonids are due in
considerable abundance on November 14, 1898, 1899
and 19oo, while the Andromedes ought to reappear on
November 23, 1898. Both for the cometary and meteoric
observer we are, therefore, entering upon a period very
prolific in important phenomena.

During the first quarter of the present century the
number of cometary discoveries averaged about one per

1 ¢ Instinct und Intelligenz im T

fiber das Seel der A
mann, 8.]J. (Freiburg, 1897).
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* Vergleichende Studien
Thiere,” by Erich Was-

hierreich,” and
und der iwhern

In |

annum. The present average is about five, including
periodical comets, which represent no small proportion
of the whole. The rapid increase, during the last twenty
years, in the number of comets of short period is very
striking, and proves not only that these bodies are ex-
ceedingly plentiful, but also that the field of discovery is
not nearly exhausted. They belong to the Jovian family,
with periods ranging from five to nine years. Encke's
comet furnishes rather an exceptional case, the period
being only 3°3 years, and considerably shorter than that
of any other known.

Perhaps it may be interesting to make a brief seriatim
reference to the expected comets of the next two
years :-—

Pons- Winnecke.— This comet, due in April 1898, was
well observed at its last return to perihelion in June 1892.
The ensuing return will not be so favourable, as the
comet will be much more distant from the earth, and
visible only in the morning sky. This return will be
much the same as in 1875, four periods of the comet
being equal to twenty-three years; thus perihelion
occurred on June 30, both in 1869 and 1892,

Encke.—Returns in May 1898. The comet will not be
so well placed, owing to its southern position, as at its
| last return, when it was quite conspicuous in December
| 1894 and January 1895. Observations may be made
| satisfactorily from the southern hemisphere after the
| perihelion passage, as in 1832 and 1865, when the comet
was discovered in June. At intervals of thirty-three
{ears (=10 revolutions of the comet) it comes to peri-
relion at nearly same times as before, and its apparent
path in the heavens is repeated.

Swift, 1889 VI.—Considerable uncertainty is attached
to the orbit of this comet. Hind deduced a period of
8534 years, which would bring the comet back at mid-
summer 1898 ; but Coniel has more recently determined
the period as 8'92 years, with an uncertainty of 0'9 year.
If this object is redetected, it will probably be picked up
accidentally by some one engaged in comet-seeking.
The most favourable returns are those when it reaches
perihelion in October or November.

Wolf.—This comet, which will reach its perihelion in

une 1898, was favourably observed in 1884 and 1891 ; but
i 1898 the conditions are not nearly so good. The fol-
lowing ephemeris for the next return is by A. Berberick
(Ast. Journal, 253).

R.A. Dec,
Date. h. m. L1053 Light.
1898.—June 3 1- 423 +18 18 ... 1%
July 5 31873 +19 43 2'1
Aug. 6 4493 +16 51 2°3
Sept. 7 6 49 +10 2 24
Oct, 9 6 56'9 + 0 38 2'4
Nov. 10 7 179 - 9 21 2'4
Dec. 12 M b -~ 16 20 2'1
1899.—Jan. 13 ... 6 34t .. ~16 31 1'4
(Brightness May 1, 1891 = 1.)

Dr. Berberick remarks that later returns of the comet
will be unfavourable. Seven of its revolutions are equal
to three of Jupiter, and a second approach of these bodies
will occur in 1922-23, depriving us perhaps of the sight
of the comet for a long time, if not for ever.

Zempel, 1867 11.—Comes to perihelion in September
1898. This comet was re-observed in 1873 and 1879, but
has not been seen since, though it has twice returned to
perihelion in the meantime. The conditions in 1898 are
not very good. The periodic time was about six years in
1867, 1873 and 1879 ; but perturbations by Jupiter have
considerably lengthened the period according to Gautier.
It is most important that the comet should be redetected
if possible. ,

Denning, 1881 V.—Returns to perihelion in January
1899, but under circumstances not nearly so favourable
as in 1881, In January and February its distance from

the earth will be about 100 millions of miles, and about
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the same as when last seen in the Strassburg refractor of
20 inches aperture, on November 24, 1881. In view of
the doubts prevailing as to its exact period, it is question-
able whether it will be redetected in 1899, At its following
return in 1907 the comet ought to be conspicuously
visible for some months, as it will be comparatively near
to the earth, and the favourable return of 1881 will be
repeated, three periodic revolutions (1 = 8'687 years) of
the comet being equal to twenty-six years. At its last
return in 1890 May, the position of the comet was such
that it never approached within 150 millions of miles of
the earth, and thus it entirely escaped observation.

Tempel, 1866 1.—This comet is due in the spring, but
it will be separated from the earth by a much wider
interval than in 1866, Its favourable returns are those
when perihelion occurs in about November or December.
If the comet has the same periodic time as its associated
meteor shower (the Leonids), then it is well visible at one
return only out of every three, and its next favourable
apparition will occur«in 1965-6.

Barnard, 1892 11.—The period of this faint comet (dis-
covered by photography) is somewhat doubtful. Hind
gave 6'64 years, Krueger 6°309, Porter 618, and Coniel
6'52. The comet will probably return to perihelion in
the spring of 1899, when it will, however, be invisible,
being obliterated in the sun’s rays. When the comet
reaches its perihelion in the autumn it can be well
observed.

Holmes.—This comet returns to perihelion in April
1899 according to Zwiers, the probable error being o'72
day. His orbit was derived from 6oo observations. Dr.
Kohlschiitter has also given a definitive orbit for this
comet, his periodic time for it being 2520'829 days, while
Zwiers gives 2521°2 days. The latter, after allowing for
perturbations by Jupiter and Saturn, gives April 27°97 as
the date of perihelion, and his ephemeris for 1898, as
abridged, is as follows :—

Gre::nwir/tRA'(aan, 1898.

Dec.

h. m. o«

Feb. 16 16 26 -42 7

Mar, 18 16 52 ~45 44

April 17 17 © - 49 20

May 17 16 41 ~51 49

une 16 16 5 -5 I

}uly 16 15 46 -47 10

Aug. 15 15 56 -43 2

Sept. 14 16 31 -39 55
The comet must therefore be looked for at southern
observatories, in 1898 ; it will be well placed for northern

observers in 1899.

Zuttle.—This comet, first discovered by Mechain in
1790, and re-observed by Tuttle in 1858, was also seen in
1871 and 1885, It belongs to Saturn’s comet family, its
orbit, at aphelion, being just outside that of Saturn. The
conditions are not favourable for seeing the comet at the
ensuing return in the summer of 1899, as its longitude of
perihelion is 116°% and perihelion distance 103, or about
3 millions of miles outside the earth’s orbit= The comet
15 therefore best visible when it comes to perihelion at the
end of January, the earth and comet being then on the
same side of the sun, and only a few millions of miles
distant from each other.

Tempel, 1873 1.—Returns early in July 1899, and will
be observed under pretty good conditions, the earth and
comet being on the same side of the sun. The comet
will be visible during the whole night, and is likely to be
as successfully observed as in 1873, when it was first
discovered, for five of its periods of 5°20 years are equal to
twenty-six years.

No doubt some of our largest telescopes will be em-
ployed in the redetection of these objects as they sever-
ally return to perihelion. In recent years the diligence of
observers has been the means of increasing the number
of periodical comets at the average rate of one per year,
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and this increase will probably be maintained, if not
exceeded, in the future.

It might be supposed that comets returning to the sun
at comparatively short intervals would soon be all de-
tected ; but when the circumstances are considered, it will
be seen that this state of things will be never realised.
The comets of short period are faint objects, and often
pass their perihelia under conditions which render them
totally invisible. Thus De Vico's of 1844 was computed
by Briinnow to have a period of 5'469 years, but it was
not seen again until 1894, though during the fifty years it
had returned unobserved on eight occasions. Pons’s
comet of 1819 was assigned a period of 5'618 years by
Encke, but it was not seen at any of the six subsequent
returns. Winnecke, however, in 1858, at its seventh
return, picked it up accidentally. Mechain’s comet of
1790, with a period of 13'8 years, must have returned in
1803, 1817, 1830 and 1844, but it eluded re-observation
until Tuttle recovered it in January 1858,

Most of the periodical comets at perihelion are outside
the earth’s orbit, and hence it follows that they escape
observation unless the earth is on the same side of the
sun as the comet. As an instance of the favourable
presentation of a comet, that of 1894 I. may be alluded
to. Its perihelion is 14 millions of miles outside the
earth’s orbit, and is in longitude 1304° which it reached
on February 9. Now the earth was in longitude 140° at
the same time, so the comet was nearly in opposition and
visible under the most favourable circumstances during
the whole night.

Some comets, as Tempel-Swift’s, are only
alternate returns ; others are not well visi
intervals after two, three, or four returns.

Another circumstance which will prevent our exhaust-
ing the discovery of these objects, is that the planet
Jupiter frequently introduces disturbances into their
motions, and possibly into the physical conformations of
the short period comets. He appears, also, capable of
effecting new captures, and thus bringing these bodies
into permanent membership of the solar system. The
Jovian family of comets is already a numerous one, and
15 probably increasing, though some of the objects which
owe allegiance to Jupiter are in process of disruption and
gradual dispersion, and seem likely in the end to lose their
visible character, as compact bodies, to form meteoric
streams with the residue of their material. Biela’s comet
has not been seen for forty-five years, though it ought to
have returned six times in that interval, and was one of
the earliest discovered, as well as one of the best known,
of the periodical comets. It will probably never be seen
again as a comet, though its associated meteors will be
displayed in November 1898, and in future years at
periods conforming with the time of revolution of the
parent comet.

We must, however, not be too hasty in assuming the
collapse of known comets, for experience has taught us
that they may reappear when least expected. The
visible return of De Vico's comet of 1844, after being
unseen for fifty years, and of Pons’s comet of 1819, after
an invisibility of thirty-nine years, shows us what is
possible. Brorsen’s comet, which escaped observation in
1884, 1890 and 1893, is supposed to have disappeared
like Biela’s, but a small comet may be swept up at some
future time which will exhibit a similarity of elements to
that of the missing Brorsen sufficient to prove the actual
identity of the two objects.

The distribution of the aphelia of periodical comets
near the orbits of the major planets is not the least
interesting feature connected with these bodies. But it
is perhaps a little remarkable that though Jupiter’s family
has enormously increased in recent years, yet the other
groups have received very few, if any, additions, though
a large number of new comets have been discovered.

W. F. DENNING.
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THE PROGRESS OF THE STEAM TURBINE,

HE earliest notices of heat engines are found in the

“ Pneumatics ” of Hero of Alexandria, which dates

from the year 200 B.C. One of the steam or motive

power engines there mentioned is the /Eoligiles, a steam

reaction engine consisting of a spherical boiler pivoted

on a central axis beneath which is placed a flame. The

steam escapes by bent pipes facing tangentially in

opposite directions at opposite ends of a diameter
perpendicular to the axis.
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economy the turbine was made what is called compound,
or, in other words, a series of successive turbine wheels
were set one after the other on the same spindle, so that
the steam passing through them one after the other, the
fall in pressure being spread over the series of turbines
should be gradual, and the velocity of the steam nowhere
more than was desirable for obtaining a high efficiency
for each turbine of the series.

The turbine motor consists of a cylindrical case with
rings of inwardly projecting guide blades, within which

| revolves a concentric shaft with rings of outwardly pro-

g

F1G. 1.—Sectional view of a Compound Turbine, showing the turbine blades and also the steam admission valve and bearings, as
well as the governor gear,

The globe revolves by reaction of the escaping steam,
just as a'Barker mill is driven by escaping water,

No practical or useful steam engine appears to have
been made on this or any analogous principle till the
year 1884, though many attempts seem to have been
made on more or less crude lines ; meantime the piston
engine of Papin, Savery, Newcomen, and Watts has been
developed during the last 200 years, and by its general
use has revolutionised the means of transit and tended
to vastly increase the productive power of labour
generally.

The want of a fast running engine for driving dynamos
presented an immediate field for the application and
development of a suitable steam turbine engine. The
advantages of a steady running engine having no re-
ciprocating parts, of small size and extreme lightness,
were sufficiently obvious provided that fairly economical
results as to steam consumption could be realised.

The highly economical results obtained from water
turbines gave hopes that, provided suitable conditions
could be arranged, similar efficiency would be obtained
with steam as with water; and assuming this to be

ossible it would naturally follow, after taking all other
osses into account, that the steam turbine would be more
economical in steam than the piston engine,

These possibilities, and the interest of applying a
practically new method for motive-power purposes, led
the Hon. C. A. Parsons to build an experimental engine
of ten-horse power coupled directly to a dynamo.

For practical reasons it was, however, necessary to
keep the speed of rotation of the turbine as low as
possible, and also to construct the dynamo to run as fast
as possible, so0 as to couple the turbine directly to it ; and
in order to obtain the necessary conditions for steam
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jecting blades. The rings of blades on the cylinder

nearly touch the shaft, and the rings of blades on the

shaft lie between those on the case, and nearly touch the

case. It will be seen, on referring to Fig. 1, that there

is left between the shaft and the case an annular space,

which is filled with alternate rings of fixed and moving
”
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F16. 2.—Section through blades in annular space between shaft and casing
showing relative positions of fixed guide blades and moving blades.
The three arrows at the top indicate the direction of motion of the
entering steam,

blades. Fig. 2 shows one form of Blades which is used.
Steam entering at J (Fig. 1) passes first through a ring o
fixed guide blades, by which it is projected in a rotational
direction upon the succeeding ring of moving blades,
imparting to them a rotational force ; it is then thrown
back upon the succeeding ring of guide blades, and the
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reaction increases the rotational force. The same pro-
cess takes place at each of the successive rings of guide
and moving blades. The energy to give the steam its
high rotational velocity at each successive ring is sup-
plied by the drop in pressure, and the steam expands
gradually by small increments. In a
turbo-motor there may be from thirty to eighty successive
rings, and when the steam arrives at the last ring the
expansion has been completed. On the left side of the

NATURE

moderate-sized |

steam inlet J are the driving or rotating pistons, which |

are fixed to and rotate with the shaft.
are grooves and rings, which project into corresponding
grooves in the case. By means of the thrust bearing of

On their outsides |

the motor the longitudinal position of the shaft is adjusted |

and grooves and projecting rings kept nearly touching,
so as to make a practically tight joint. The object of
these pistons is to steam balance the shaft and relieve
end pressure on the thrust bearing. Fig. 3 shows a 350
kilowatt turbo-alternator, thirteen of which size are now
at work in the London stations.

With compound condensing turbines a steam efficiency
comparable with the best compound or triple expansion
condensing engines was at length reached, and it was
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of 32{ knots, and the maximum speed so far obtained
has been about 35 knots.

It is anticipated that this turbine engine can be success-
fully applied to all the faster class of vessels, including
those of the largest size; in fact, it appears that the
relative advantages are greatest in the largest sizes.

NOTES.

THE new Government Laboratory, which has been about two
years in course of erection, is now completed, and will be
formally opened to-morrow (October 1), We hope to be able
to give a description of the building in our next issue,

Tue Paris correspondent of the Z%7mes states that an anni-
versary service was held on Tuesday at the Pasteur Institute in
honour of the great investigator. A number of his disciples and
the members of his family who are in Paris assembled in the
crypt of the Institute at his tomb, and placed upon it garlands
of flowers from the Garches gardens, The subscription for the
Pasteur monument now exceeds 300,000 francs.

FiG. 3.=A 3so-kilowatt Alternator and Turbine.

then resolved to test the application of the turbine to the
propulsion of ships, for which purpose it seemed well
suited, provided that as good an efficiency could be obtained
from fast running screw-propellers as with ordinary ones,
and to test the system it was determined to build the
Turbinia, which is 100 feet in length, 9 feet beam, and 44}
tons displacement. One compound condensing turbine
engine of 2000 I.H.P. was at first fitted, but it was found
that long before this power was developed the screw
began to tear the water, forming vacuous spaces and
vortices behind the blades, and causing great loss of
propulsive effect. The single large engine was then
replaced by three separate ones, high pressure, inter-
mediate pressure, and low pressure, each driving a screw
shaft at the same speed of rotation as before ; but the
blade area was by these means trebled, and this trouble
ceased. The efficiency of the screws approached closely
to the best results of ordinary screws. The Zwrbinia’s
engines are similar to those for the driving of dynamos
described, but they are necessarily larger and of lighter
construction, and the expansion of the steam is carried
to 170-fold at full speed. Prof. Ewing’s tests have shown
a consumption of 144 Ib. of steam per ILH.P. at a speed
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AN epidemic of typhoid fever has broken out at Maidstone,
Kent. More than nine hundred cases have been notified,
and up to Tuesday night twenty-one deaths from the disease
had occurred since the beginning of the outbreak, The epidemic
is due to polluted water, and is confined to the area of the town
supplied with water from springs at Farleigh, all of which have
been condemned by the medical officer of health.

I't is much to be regretted that the splendid male Giraffe, pre-
sented to the Queen by the Chief Bethoen, of Bechuanaland,
died so soon after reaching this country. The difficult task of
bringing it home was entrusted by the Colonial Office to the
Zoological Society, who selected for the work one of the most
experienced men in Europe in moving large living animals—Herr
Windhorn, of Alfeld. The Giraffe was led from Kanya to
Lobatsi by road, and safely lodged at the railway station in a
box, which had been specially constructed for it at Cape Town,
It was placed on board the s.s. Roslin Castle (in which a free
passage had been most liberally granted to it by Sir Donald
Currie), and left Cape Town on September 1.  The passage was
a stormy one, and after the first week the Giraffe declined to eat
anything but bread. A few days later it left off feeding altogether,
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in spite of every attempt of its experienced keeper to induce
it to eat. It was therefore, on reaching London, nearly
dead from exhaustion, and only lived for half an hour after its
arrival in the Regent’s Park, where it was proposed to keep it
for the winter. This event is the more to be lamented, as the |
fine young female already in the Society’s Gardens (which was
also brought to England from the Cape by Herr Windhorn) thus
remains still without a mate, and there is at present little
prospect of obtaining one.

AMONG the prizes awarded by the Institution of Civil Engi- 1
neers for the session 1896-97 are the following :—The Howard |
prize of fifty guineas to Mr. I, Bauerman, in recognition of his |
work on the metallurgy of iron. For original papers presented |
to the institution, Telford medals, with premiums of books or |
instruments, to Messrs. . A. Humphrey, for *“ The Mond
Gas-Producer Plant and its Application”; to Colonel Penny-
cuick, R.E., for ““ The Diversion of the Parivar " ; to Mr. E. C.
Shankland, for ** Steel Skeleton Construction in Chicago” ; to
Mr. Dugald Drummond, for *‘ High Pressure in Locomotives” ;
and to Mr, Thomas Holgate, for *“The Enrichment of Coal
Gas.”  George Stephenson medals and Telford premiums to
Mr. Cruttwell, for *“ The Tower-bridge Superstructure,” and to
Prof. Unwin, for “ A new Indentation Test for Determining the
Hardness of Metals,” Watt medals and Telford premiums to
Messrs, Hay and Fitzmaurice, for their joint paper on ‘ The
Blackwall Tunnel.” This year marks the first award by the
Institution of the medals named after Joule, the discoverer of
the mechanical equivalent of heat, and Mr. James Forrest,
whose long service as secretary and the care devoted by him to
fostering the student class, have on his retirement been com-
memorated by the foundation of a medal. The presentation
will be made at the opening meeting of the new session on
November 2.

THE deaths are announced of Dr. August Mojsisovics, Edler
von Mojsvar, professor of zoology and comparative anatomy in
the University of Gratz; Mr. Theodore Lyman, honorary
member of the National Academy of Sciences ; and Dr, Welcker,
for some years professor of anatomy in the University of Halle,

Pror, JouN MILNE has shown us the photographic tracings
of two well-marked earthquakes, recorded last week by his
seismographs at Shide, in the Isle of Wight, The times of the
disturbances are September 20, 7.30 p.m., and September 21,
5.30 a.m, The duration of each disturbance at Shide was about
three hours, and the preliminary tremors extended over about’
forty minutes, from which facts Prof. Milne concludes that the
place of origin was at least six thousand miles distant.

MRg. N. L. BrrrroN has been elected President, and Mr,
J. C. Arthur Vice-President, of the Botanical Society of
America for the coming year.

WE learn from the Botanical Gasette that the Smithsonian
Institution, Washington, has undertaken an important work in
bringing together all possible material bearing on the medicinal
uses of plantsin the United States. Dr. V. Havard is chairman
of the commission for this purpose.

Mg. WiLrLiam WesLEy WoOLEN, of Indianapolis, has an-
nounced his intention of presenting to that city a tract of land,
consisting of fifty-six acres, for the purpose of establishing a
botanic garden and an ornithological preserve.

Pror. J. P. O'REILLY sendsus some extracts from a work on
Morocco (““ An Account of the Empire of Marocco,” by James
Grey Jackson, 1814), containing an account of the use of olive
oil as a remedy for a form of plague which depopulated West
Barbary in 1799-1800. The oil was used to anoint the skin,
either before or after infection. Prof. O'Reilly points out that
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the ordinary olive oil of the Levant and of Spain is not the pure
clarified oil we know of in this country, but a green and gener-
ally more or less rancid oil produced in a coarse way from all
sorts of fruit, unsound as well as sound.

THE October number of Science Progress will contain articles
on ‘“ Some Physiological Aspects of Hypnotism,” by Prof. F.
Gotch, F.R.S. ; on * Artificial Flight,” by Prof. G. H. Bryan,
F.R.S. ; on “Progress in the Study of Variation,” by Mr, W.
Bateson, F.R.S. ; on “* Blood and the Identification of Bacterial
Species,” by Dr. Grunbaum; on “ The Fauna of the Great
African Lakes,” by Mr. J. E. S. Moore.

DURING the past summer full advantage has been taken of
the facilities for research afforded by the Plymouth laboratory
of the Marine Biological Association. Prof. Weldon has carried
out an interesting experimental inquiry into the selective action
of different conditions in the case of Carcinus manas. Mr.
S. D. Scott has studied the physiology of excretion in certain
Ascidians, Dr. Lubbock the anatomy of various fishes. Dr. G.
Duncker, of Kiel, is at work upon the racial characteristics and
variation of Pleuronectids and other fishes ; Mr. Taylor, upon
Polyzoa ; Messrs, E. T. Brown and Jenkinson, of University
College, London, upon Meduse and larval Crustacea re-
spectively ; Messrs. Bedford and Lanchester, of King’s College,
Cambridge, upon the development of AMyriothela and general
marine zoology. Mr, W, I. Beaumont has been studying more
especially the Nudibranchiate Mollusca and Nemertinea, and
some rare captures have rewarded his exertions, notably several
specimens of Hancockia and large Lomanotus. Mr. Brebner,
of University College, Bristol, and Mr. A. H. Church, of
Oxford, have devoted much attention to the collection and
study of marine algee, In spite of the inclemency of the weather
during August, the steamboat Busy Bee has been in constant
requisition throughout the summer. Under Mr, Holt’s charge
a prolonged visit was paid in July to Falmouth, where Mr.
Rupert Vallentin and Mr. J. T. Cunningham assisted the staff,
and much valuable material was accumulated. The rare
dragonet Callionymus maculatus and the interesting Anthozoan
Gonactinia prolifera were obtained during this cruise. Trawling
expeditions under Mr. Holt have also been made to Exmouth and
Dartmouth, in addition to the routine work in the neighbourhood
of Plymouth. Mr. Garstang has returned from Toronto, and has
resumed his investigation of the racial characters and variation
of the mackerel, for which purpose a large number of fish has
been received from H.M. Inspectors of Irish Fisheries. In
connection with the food-supply and migrations of pelagic
fishes, Mr. Garstang is also investigating the seasonal changes
and distribution of the plankton, and has brought back with him
two series of collections of the surface plankton of the North
Atlantic, obtained during his recent voyages from Liverpool to
Quebec z2d the North of Ireland, and from Philadelphia to
Queenstown along the edge of the Gulf Stream. Interesting
results are expected from the comparison of these collections of
¢ pump-plankton.” The Marine Biological Association’s exhibit,
which proved so attractive a feature of the recent fisheries
exhibition at the Imperial Institute, has been returned to the
laboratory, and has been temporarily set up again in the students’
lecture-room.

Pror. R, C. CARPENTER, professor of engineering science in
Cornell University, has (says Zngineering) been conducting an
elaborate set of experiments on bicycle friction which have led
him to the conclusion that no form of gearing can possibly equal
the best chain for efficiency and durability. With such the
frictional loss has been found to be between 4 and § per cent. of
the total power transmitted, this result being obtained with a
chain which had previously been ridden more than 2000 ‘miles
with a rider weighing about 14 stone. = With some other
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chains less well constructed, a greater loss has been found, the
friction lying generally between 2 and 5 per cent. ; the maximum
shown, even by an old chain which did not fit its sprocket
properly, was under 10 per cent. No bevel gears as yet con-
structed give as good results as these, and Prof. Carpenter con-
cludes that with even the best bevel-geared bicycles the loss must
be four times as much as with the ordinary chain, and six times
as much as with the best chain. Moreover, as has been pre-
viously pointed out, gear wheels to work well must be in very
accurate adjustment with each other, whilst with a chain no
such careful fitting is required.

THE current number of.Z%e Engineering Magazine contains
an instructive illustrated article, by Mr. Ridgely Hunt, on fifty
years of advance in marine engineering. The accompanying
diagram, reproduced from our contemporary, shows at a glance
the increase of tonnage and speed during the last half-century.
In this period iron and steel have supplanted wood, and, says
the author, *“ engines have advanced from simple to compound,
and then to triple-expansion ; so, too, have paddle-wheels been
discarded for single-propellers and for twin-propellers ; so, too,
have single rectangular boilers with one flue, been replaced by
several boilers, cylindrical, and with many tubes ; so, too, have
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jet condensers been transformed into surface condensers, and the
steam pressures have been raised from 10 to 100 and 200 pounds
to the square inch. The size of steamships has been multiplied
twenty-fold, and the horse-power forty-fold. The speeds of the
ships have been increased from 8 to 17 and 23 knots ; and in
every otherrespect has there been a like extraordinary evolution.”
How the conversions have been effected is briefly described in
Mr. Hunt's interesting paper.

A VERY brilliant aurora observed on April 20inlat, 474°S., by
Captain M. W. C. Hepworth, was briefly described in our notes on
June 24 (p. 183). Mr. T. F, Claxton, the director of the Royal
Alfred Observatory, Mauritius, sends us an account of magnetic
disturbances apparently connected with the aurora display. He
says that on the day of the aurora a rather large magnetic
disturbance was recorded at the observatory. ‘‘From June
20d, oh.-19h, the horizontal force decreased ‘01578 m.m.s.
units, From 2od. 123h.-19h, the vertical force increased
‘00336 m.m,s. units, and the declination, from 20d. 94h.~13h.,
decreased ¢''2, and from 13h. to 19h. increased 7":0. The
most active period was from 2o0d. 17h.-20h, The magnets
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were quiet from 21d. oh.-23d. 10h. 16m., when a sudden
decrease of horizontal force, vertical force, and declination
occurred to the extent of '00258, ‘00056 m.m,s. units, and 1”0
respectively. In horizontal force the decrease continued till
23d. 214h., and amounted to ‘01204 m.m.s. units, while the
disturbance in vertical force was very small.”

THE report of the Central Meteorological Office of France for
the year 1896, shows a large amount of work performed, and is
very creditable to the staff of that institution. One of the
principal services rendered consists in predicting the approach
of storms for one or two days in advance. Out of thirty-four
storms which reached the French shores, thirty-one, or 91 per
cent., were foretold. This satisfactory result is, to a considerable
extent, due to the fact that the great majority of these disturbances
cross the British Isles, notice of which is regularly telegraphed
to Paris by the Meteorological Council. The number of tele-
graphic reports received daily amounts to 167, some of which are
from America, and include observations received from the fast
trans-Atlantic steamers, In the department of climatology,
reports are received from 211 places, in addition to a very large
number of rainfall stations, and the results and discussions are
published in three large quarto volumes yearly. In addition,
monthly returns are received from about fifty foreign stations,
as well as a large number of ships’ logs. Particular attention is
also paid to the collection of observations made at mountain
stations, as well as by means of balloons and kites. The
observation of clouds has formed a special feature during the
past year ; between July 1896 and April 1897, M. Teisserenc de
Bort has taken no less than 2500 photographs of clouds at his
observatory at Trappes, and by this means the heights of 750
have been determined.

WE have already had occasion to direct attention in our
columns to the ingenious experiments conducted by Messrs,
Nuttall and Thierfelder on the possibility of animal life being
carried on in the absence of bacteria in the digestive tract ; the
third memoir on this subject by these gentlemen has now
appeared in the Zeitschrift fiir physiologische Chemie, Bd, xxiii.,
1897. In their previous experiments guinea-pigs were selected
as subjects for experiment, but it not unnaturally occurred to the
authors that chickens would be more suitable, inasmuch as they
might remove some of the great difficulties which attend the
procuration of the former animals in an aseptic condition from
their birth. Accordingly, a few hours before the chicken was
due to be hatched some eggs were carefully washed outside with
corrosive sublimate and hydrochloric acid, to remove all ex-
ternal germ-life, and were then placed in the sterile apparatus
devised by the authors, and employed in their previous experi-
ments. But, despite the most careful manipulations, bacteria
obtained access to the-apparatus and spoilt the observations.
There was only one conclusion to be drawn, which was that
the egg-shells of the hatched chickens were responsible for the
mischief. Accordingly careful examinations of eggs were made,
with the result that in every instance bacteria were found on
the inside of the shell.  The authors conclude that bacteria are
present in the oviduct before and during the formation of the
shell, and become attached to the membrane of the shell.  This
unlooked-for and, from the experimental point of view of the
investigators, unpropitious discovery has led to the abandon-
ment of chickens for the purpose of these observations, and the
authors do not announce any further intention of pursuing their
interesting researches,

CULTIVATORS in many regions of the globe will be interested
in what appears to have been a successful series of locust-de-
stroying experiments carried out in Natal, a report of which has
been published in that colony as a Government notice.  From a
note in the Z%7mes, it appears that all attempts to suppress the
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locust scourge there have proved only partially successful, with |

the exception of the plan of poisoning with arsenic, which, it is
asserted, has met with absolute and unqualified success. The

boiling point, and then adding 1 1b. of caustic soda. As soon.as
this is dissolved, 1 1b, of arsenic is added, after which the liquid
is well stirred and boiled for a few minutes, care being taken
that the fumes are not inhaled, When required for use, half a
gallon of the liquid is added to four gallons of hot or cold water,
with 10 Ib. of brown sugar. A still better preparation is made
by adding half a gallon of the poisonous liquid to five gallons
of treacle, Maize-stalks, grass, &c., dipped in the mixture, are
placed along the roads and in the fields, and the material can
also be splashed with a brush upon anything which the locusts
are known to have a liking for. Attracted by the odour of the
sugar or treacle over a distance of as much as 100 yards, the
locusts will eat of the mixture and die. These are eaten by
other locusts, and in a few days’ time the ground may become
strewn with the dead bodies of the insects. With ordinary care no
risk of poisoning any human being is incurred, whilst the small
quantity of the material on a piece of grass or maize-stalk is said
to be insufficient to injure stock of any kind—fowls have been
known to feed without injury on the arsenic-destroyed locusts.
The evidence adduced indicates that ‘‘hoppers,” however
numerous, can be destroyed in a few days, and the crops thus
saved from their ravages.

Petermann's Mittheilungen promises accounts of much im-
portant geographical work recently done in Asia. M. de
Déchy has explored some interesting and little-known districts
of the Caucasus. Dr, Sven IHedin is to publish (in the A/¢-
theilungen) a series of articles on the Mustagh-ata, the Deserts
of Eastern Turkestan, the Lob-Nor problem, and on Northern
Tibet. The Hungarian geologist, Dr. Eugen von Cholnoky,
has made some progress with an investigation of the hydrography
of the great plain of China,

SiGNorR FrRANCESCO CHINIGO contributes, to the Bollettino
della Societe Geografica ltaliana, a note on the salt deposits of
Lungro, on the slope of the Calabrian Apennines. The de-
posits have been worked to a depth of 220 metres, and probably
extend to a much greater distance below the surface. Analyses
show a composition of 977 per cent. of sodium chloride, the
principal other constituent being sodium sulphate. The output
is at present much restricted, chiefly on account of deficient
railway communication, but there is no real obstacle to prevent
these deposits supplying the whole of Italy with salt of the
highest quality.

THE Zeitschrift der Gesellschaft fiir Erdlunde su Berlin con-
tains a short summary, by Dr. Carl Sapper, of available in-
formation about the first campaigns of the Spaniards in Northern
Central America. The material at hand is in many respects un-
promising, many accounts are directly contradictory, and there
are traces of much priestly interference with the documents ;
but a good déeal can, nevertheless, be made out with fair chances
of accuracy. Dr. Sapper shows on a sketch map the courses of
Francisco Hernandez (1517), of Juan de Grijalva (1518), and of
Ferdinand Cortes (1519) by sea, and the land routes of
Ferdinand Cortes (1524-25), of Pedro de Alvarado (1524), of
Luis Marin (1523 ?), and of Adelantado Francisco de Montejo
(1526-27); and shows hypothetical boundaries of the great
kingdoms of Mayapan and Quiché, which fortunately for the
Spaniards came to an end before their day.

ATTENTION has been drawn by Dr. G. A, Dorsey (dmerican
Anthropologist, x. p. 169) to the frequency of Wormian bones
in the coronal suture in artificially deformed skulls of the
Kwakiutl Indians of Vancouver Island. He explains their
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occurrence by bandaging in early life, and he finds that the
percentage of frequency becomes the greater as we ascend

| the scale of length of the cranium due to artificial elongation,
mixture used is prepared by heating four gallons of water to |

and just in direct proportion to a deep well-defined groove
behind the coronal suture. The long bones of the Kwakiutl
and Salish Indians of British Columbia have also been studied
by Dr. G. A. Dorsey in the same journal. The radio-humeral
index is 75'5 ; the lengthening may be due to intermixture with
Indians of the east or south, The tibio-femoral index is 79°1,
the intermembral index is 70°'7, and the femero-humeral index
is 72'8. These indices approach very closely, and indeed often
equal, those which have been determined for the Eskimos, the
Samoyeds, and the Lapps.

ATTENTION has previously been drawn (NATURE, vol. liv.
p. 404) to the good work in Indian anthropology that is being
done by Mr. Edgar Thurston, the superintendent of the Madras
Government Museum. The second volume of the Museum
Bulletin opens with an account of the Badagas and Irulas of
the Nilgiris, the Paniyans of Malabar and the Kuruba or
Kurumba ; there are numerous tables of measurements, and
seventeen plates. The Paniyans are a dark-skinned tribe short
in stature (1574 mm., §ft. 2 in.), dolichocephalic (74), with
broad noses (min. 83°7, max. 108°6, av. 95°'1), and curly hair.
The common belief that theyare of African origin is erroneous.
They are wholly uneducated, and do not associate with other
tribes. A short account is given of the customs and manner of
living of this primitive Dravidian tribe. The other tribes men-
tioned by the author also exhibit Dravidian characters to a
greater or less extent. In the interesting summary which closes
this small but valuable memoir the author draws attention to
the rapid modification of the natives through contact with the
European, and to the need for immediate ethnographical inves-
tigations before it is too late. He says: ‘I was lately shocked
by seeing a Toda boy studying for the third standard in Tamil,
instead of tending the buffaloes of his mand. The Todas,
whose natural drink is milk, now delight in bottled beer and a
mixture of port wine and gin. Tiles and kerosine tins are em-
ployed instead of the primitive thatch. A Bengali babu, with
close-cropped hair and bare head, clad in patent-leather boots,
white socks, dhuti, and conspicuous unstarched shirt of English
device; a Hindu or Parsi cricket eleven engaged against a
European team ; the increasing struggle for small-paid appoint-
ments under Government—these are a few examples of changes
resulting from the refinement of modern civilisation.”

THE first part of a Report by M. Ch. Rabot (International
Commission on Glaciers) on the variation in the length of
glaciers in the Arctic regions, has been published in the Arch.
Sei. Phys. et Nat., Geneva. All available evidence is here col-
lected from many scattered sources, and though the evidence is
admittedly imperfect, it enables some interesting conclusions to
be drawn. There is no sign of a general retreat corresponding
to that of the Alpine glaciers after 1850, In Greenland the ice
seems to be stationary at a maximum now. In Iceland, the
eighteenth century was marked by a general increase, interrupted
by a partial decrease, only to be followed by a very extensive
advance which has lasted through most of the nineteenth cen-
tury. A slight retreat began in the north of the island about
1855-60, and twenty years later in the south; but this is not
comparable with the marked retreat in the Alps. Grinnel Land
and Jan Mayen are also dealt with in this instalment of a
valuable report;

Tug double number of Spelunca, which completes the third
volume, maintains the high standard of its predecessors.
Among - other articles are one on the Kentucky Mammoth Cave,
and one on the caves of County Leitrim.
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Messrs. A. GALLENKAMP AND Co., makers of chemical
apparatus, wish it to be known that, in the new premises to
which they have just removed, they propose to exhibit in their
show-room examples of new instruments described in scientific
periodicals, and of apparatus kept in stock.

A BIOGRAPHY and an account of the botanical labours of the
late Prof. Julius Sachs, by Prof. Goebel, appears in the pages
of Zlora ; and one of the late Fritz Miiller, by Prof. Ludwig, in
the Botanisches Centralblatt, Each memoir is accompanied by
4 copious bibliography.

ANOTHER new botanical journal is announced from America,
the first number to appear on October 1. It is to be named 7%e
Plant World, and will be an illustrated monthly journal of
popular botany., ‘It will,” says the Botanical Gasette, ** pre-
sent the facts of plant-life in simple popular language, and aim
to interest those who have no inclination for a systematic course
of study. The purpose is to be scientific, but not technical.”
The editor will be Dr. J. F. Knowlton, of the U,S. National
Museum.

AMONG papers on physiological botany recently received from
America are ‘“The Curvature of Roots” by Mr. D. T.
McDougal, and ¢ The Role of Water in Growth” by Mr. C. B.
Davenport. In the former the author points out that the
curvatures of stems are not due to the same causes as those of
tendrils or of many roots. The curvature of roots is due to the
excessive elongation of the internal layers of the cortex of the
side which becomes convex. The development and organisa tion
of irritability in roots has been widely different from that in
stems, The organs of the irritable mechanism of roots exhibit
a physio logical rather than a morphological differentiation.

Tue additions to the Zoological Society’s Gardens during the
past week include a Badger (AZeles taxus) from Worcestershire,
presented by Mrs. Cheape ; a Macaque Monkey (Macacus
<ynomolgus) from India, presented by Mrs, B. Hudson ; a Red
and Yellow Macaw (Ara chloroptera) from South America, pre-
sented by Mr. J. W. Drysdale ; a Peregrine Falcon (#alo pere-
grinus), British, presented by Major Hawkins Fisher ; a Lesser
Sulphur-crested Cockatoo (Cacatua sulphurea) from Moluccas,
presented by Mr. John Paget ; a Crowned Lemur (ZLemur coro-
aatus) from Madagascar, two Korin Gazelles (Gazella rufifrons,
¢ 9) from Senegal; an Alexandrine Parrakeet (Zaleornis
alexandri) from India, deposited; two Common Sandpipers
(Zringoides hypoleucus), European, purchased.

OUR ASTRONOMICAL COLUMN.

Boxp's COLLECTED WORKS —It is stated in Sec/ence that, at
the request of the daughters of George Bond, Prof. Holden,
Director of the Lick Observatory, has undertaken to arrange the
manuscript material in their hands in an orderly form, The
work will be entitled *‘ Memorials of William Cranch Bond,
Director of the Harvard Cnllcj;c Observatory, 1840-59, and of
his Son, George Phillivs Bond, Director of the Harvard College
Observatory, 1859-65,” and will be published by Messrs. C. A.
Murdock and Co., San Francisco, and by Messrs. Lemcke and
Biichner, New York City. The book will be well illustrated.
It is hoped, by the kindness of Prof. E. C. Pickering, to repro-
duce two fine steel engravings of the Great Comet of 1858 and
of the nebula of Orion, from the plates of the Annals of the
Harvard College Observatory.

EcLipse EXPEDITION oF THE LicK OBSERVATORY.—We
learn from the Publications of the Astronomical Society of the
Pacific, that the Lick Observatory expedition to observe the
forthcoming solar eclipse will consist of Prof. Campbell and
volunteer assistants. The expenses of the expedition will be
met from a fund provided by the late Colonel C. F. Crocker.
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The programme will include spectroscopic and photographic
work, and an equipment will be taken to obtain the following
results, among others :—Photographs of the spectrum of the
reversing layer ; spectrum photographs having for their special
object the determination of the velocity of rotation of the
corona ; photographs of the corona on a large scale (40 feet
long), on the plan employed by Prof. Schaeberle in Chile ;
photographs of the corona with a portrait lens ; photographic
photometry of the corona.

A REMARKABLE BINARY STAR.—Recent observations leave
practically no room for doubt that the close double star B 883 =
_alande 9091 (R.A. = 4h. 44m. 33s., Decl. + 10" 52, Mags.
7'8 and 8), has the shortest period of any known binary. The
star was discovered by Mr. Burnham in 1879, and Schiaparelli
made a number of measures of it between 1887 and 1895, and
upon combining these observations with other measures, Dr.
’IPJ J. See was forced to the conclusion that the period was
only a few years. Further considerations give support to this
view, and now Dr. See (Monthly Notices, R.A.S., June 1897),
from a discussion of the whole of the facts of observation, con-
cludes that the period is only 5°5 years. '

The elements of the orbit are given as follows :—

P=a years a = 0"'621

T = 1896'40 ,, Q =20°'6

€ = 0'760 ” ¢ = 8252

A =273"83
Apparent orbit :—

Length of major axis = 0”67
Length of minor axis = 0”16
Angle of major axis = 19°'§

_ Angle of periastron = 318°'0
Distance of star from centre 0”07

Referring to this remarkable object, Dr, See says :—

““The discovery of an object revolving in a period of s'g years
is an achievement of some philosophic significance in the history
of double-star astronomy. In the time of Sir John Herschel
the most rapid of known binaries was ¢ Herculis, with a period
of 35 years. Twenty years ago the remarkable object 42 Comze
Berenices had reduced the shortest period to about 25 years, and
in 1887 & Equulei brought it down to 11°'5 years. & Pegasi
(B 989) has since been shown to revolve in a similar period.

In B 883 we have for the first time a visible binary with a period
fairly approaching those of the spectroscopic binaries recently
discovered, and we seem assured that at last a link has been
found connecting the two classes of objects, It is probable
that other stars will disclose even shorter periods, for there is
no reason why there should not be close doubles with periods of
a single year or less. It will be an interesting object of future
research to fill in the intervening steps between visible binaries
with periods of a few years and the spectroscopic binaries re-
volving in a few days or months.

“ The more critical inquiry into the motion of close doubles
will commend itself to the attention of double-star observers with
great telescopes, and, on the other hand, it may be hoped that the
study of the relative motion in line of sight of the components
of binaries like B 883 will be taken up by some of our great
observatories equipped with powerful spectroscopic appliances.”

FORTHCOMING BOOKS OF SCIENCE.

R. EDWARD ARNOLD'S list contains:—* Higher
Algebm,” by Dr. R. Lachlan ; ** The Elements of Trigo-
nometry,” by Dr. R. Lachlan ; ‘¢ Analytical Geometry,” by Dr.
R. Lachlan; “ The Elements of Euclid,” Books IIL, IV, and
VL., by Dr. R. Lachlan ; ** Dynamics for Engineering Students,”
by Prof. W. E. Dalby ; ‘‘ Elementary Natural Philosophy,” by
Alfred Earl 3 *“ An Elementary Chemistry,” by W. A, Shen-
stone ; “I’hgsical Chemistry,” by Dr. Alexander Scott ;
“ Practical Chemistry,” by Dr. E. H. Cook; ‘“ A Manual of
Physiology,” by Dr. Leonard Hill; ‘A Manual of Botany,”
by Davk{ Houston ; Arnold’s Practical Science Manuals :
‘“Steam Boilers,” by George Halliday ; ** Agricultural Chem-
istry,” by T. S. Dymond; ** Electric Traction,” l)y Ernest
Wilson ; *“ Lectures on Sound, Light, and Heat,” by Dr.
Richard Wormell, new edition.,
Messrs. Bailliere, Tindall, and Cox's forthcoming books in-
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clude :—Hand-Atlas Series: *“ Essentials of Bacteriology,” by l torticolis et son traitement,” by M. Redard, illustrated;

Profs. Lehmann and Neumann (illustrated) ; ** Atlas of Fractures
and Dislocations,” by Prof. H. Helferich; ‘A Manual on
Diseases of the Heart,” by Sir Wm. Broadbent, Bart., F.R.S. ;
‘“The Rontgen Rays in Medicine and Surgery: a Manual for
Practitioners and Students,” by Dr. David Walsh, illustrated.

Messrs. Bliss, Sands, and Co. l)romise :—The Progressive
Science Series: * Earth Structure,” by Prof. Geikie, I.R.S. ;
““Volcanoes,” by Prof. Bonney, F.R.S. ; *‘ The Groundwork of
Science,” by Dr. St. George Mivart, F.R.S.; * Vertebrate
Palzontology,” by Prof. Coge: ““Science and Ethics,” by M.
Berthelot ; ““ The Country Month by Month,” by J. A. Owen
and Prof. G. S. Boulger, a re-issue, in four quarterly volumes :
Spring, Summer, Autumn, Winter, illustrated.

In Messrs. William Blackwood and Sons' list we find :—
¢ A Sketch of the Natural History (Vertebrates) of the British
Islands, with a bibliography of over two hundred works relating
to the British Fauna, and a List of Field Clubs and Natural
History Societies at present existing in the United Kingdom,”
by F. G. Aflalo, illustrated ; “W\ls Traits in Tame Animals :
being some. familiar Studies in Evolution,” by Dr. Louis
Robinson, illustrated ; ““ A Manual of Agricultural Botany,"”
from the German of Dr. A. B. Frank, translated by Dr. John
W. Paterson, illustrated ; *‘ Things of Everyday: a Popular
Science Reader on some Common Things,” illustrated ; ** Intro-
ductory Text-Book of Meteorology,” by Dr. Alexander Buchan,
new edition, illustrated ; ** Dr. Mackay's Elements of Physio-
graphy,” rewritten and enlarged, illustrated ; *“ Page’s Intro-
ductory Text-Book of Geology,” new edition, revised and
enlarged by Prof. Lapworth, F.R.S, ; “‘ Page’s Advanced Text-
Book of Geology, Descriptive and Industrial,” with engravings
and %lossary of scientific terms, new edition, revised and en-
larged by Prof. Lapworth, F.R.S. ; * Introductory Text-Book of
Zoology, for the Use of Junior Students,” by Prof. Henry Alleyne
Nicholson, F.R.S., new edition, revised and enlarged, illustrated.

The Cambridge University Press announces ;:— ** The Collected
Mathematical Papers of the late Arthur Cuyley, F.R.S.” (to be
be comgleled in thirteen volumes), vols. xii. and xiii. ; *‘ The
Scientific Papers of John Couch Adams, F.R.S.,” vol. ii.,
edited by Prof. W, G. Adams, F.R.S., and R. A. Sampson ;
““The Theory of Groups of a Finite Order,” by Prof.
W. Burnside, F.R.S.; ‘“A Treatise on Universal Algebra,
with some applications,” by A. N. Whitehead. Vol. i,
contains the general principles of algebraic symbolism, the
algebra of symbolic logic, the calculus of extension (Z.¢. the
algebra of Grafimann's Ausdehnungslehre), with applications to
projective geometry, to non-Euclidean geometry, and to mathe-
matical physics ; ‘“ A Treatise on Octonians : a development of
Clifford’s Bi-Quaternions,” by Prof, Alexander McAulay ; “A
Treatise on Spherical Astronomy,” by Prof. Sir Robert S, Ball,
F.R.S.; ‘“ A Treatise on Geometrical Oplics," by R. A. Her-
man ; ‘“ An Elementary Course of Infinitesimal Calculus, for
the use of Students of Physics and Engineering,” by Prof.
Horace Lamb, F.R.S.; * Theoretical Mechanics : an intro-
ductory Treatise on the Principles of Dynamics, with numerous
applications and examples,” by A. E. H. Love, F.R.S. ; *“ The
‘Works of Archimedes,” edited in modern notation; with intro-
ductory chapters, by Dr. T. L. Heath; ‘‘ The Steam Engine
and oa:er Heat Engines,” by Prof. J. A, Ewi¥, F.R.S.; ¢“‘Col-
lected Mathematical Papers,” by Prof. P. G. Tait; *“ Crystallo-
gra hy,” by Prof. W. J. Lewis; ‘‘Geology,” by J. E. Marr,
F.I?.S.; (gnmbridge Natural Science Manuals, Biological
Series—** Fossil Plants: a Manual for Students of Botany and
Geology,” by A. C. Seward, in two volumes ; *‘ Vertebrate
Paleontology,” by A. S. Woodward; ‘‘ Handbook to the
Geology of Cambridgeshire,” by F. R. Cowrer Reed ; Physical
Series—*¢ Eleclricity and Magnetism,” by R, T. Glazebrook,
F.R.S. ; *“Sound,” by J. W. Capstick.

The list of Messrs. Georges Carré et C. Naud, of Paris, in-
cludes :—* Legons de Physiologie,” by Prof. R. Dubois, illus-
trated ; ““ Les Cancers épithéliaux,” by Dr. Fabre-Domergne,
illustrated ; ‘“ Manuel d’Analyse chimique appliquée i I'examen
des produits industriels et commerciaux,” by Prof. E. Fleurent,
illustrated ; ‘* Manuel de Chirurgie orthopédique,” by A. Hoffa,
traduit de la 2¢ édition allemande, par M. Barrozzi, illustrated ;
‘‘Lecons de thérapeutique et matiére médicale : Sérothérapie,
Opot éraPic,” by Prof. L. Landouzy, illustrated ; * Traité
d’Anatomie comparée et de Zoologie, 1891-92, Ouvrage traduit
de Yallemand par Prof. G. Curtel, by Prof. Lang, tome ii. (1
fascicule) : Mollusques ; (2¢ fascicuf);): Echinodermes; ““Le
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£ chons d'optique physiologique,” by M, Tscherning, illus
trate

The list of Messrs. Cassell and Co., Ltd., contains:—
‘“Cassell’s Family Doctor,” by a Medical Man, illustrated;
““With Nature and a Camera, being the Adventures and Ob-
servations of a Field Naturalist and an Animal Photographer,”
bKoRichard Kearton, illustrated by a s!)ecial frontispiece, and
about 150 pictures from photographs taken direct from nature,
by Cherry Kearton; ‘‘ Applied Mechanics,” by Prof, John
Perry, F.R.S., illustrated ; ** Familiar Wild Flowers,” by F. E.
Hulme, coloured plates, popular edition, complete in five vols. ;
“ Familiar Garden Flowers,” by F. E. Hulme, coloured plates
and descriptive text by Shirley Hibberd, popular edition,
complete in five vols. (new edition); *‘The Story of the
Heavens,” by Prof. Sir Robert S. Ball, F.R.S., illustrated,
popular edition ; *“ The Story of the Sun,” by Prof. Sir Robert
S. Ball, F.R.S., illustrated, cheap edition;- ‘*The Year-
Book of Treatment (1898)”; *‘Science for All,” edited by
Dr. Robert Brown, assisted by eminent scientific writers, illus-
trated, complete in five vols., cheap edition ; new volume of
“Work” Handbooks: *‘Cycle Building and Repairing,”
illustrated ; *‘ Electricity in the Service of Man,” revised by
Dr. R. Mullineux Walmsley, illustrated, new and cheaper
edition ; *‘ Cassell’s Natural Iistory,” edited by P. Martin
Duncan, F.R.S., illustrated, cheap edition, complete in three
double vols, ; **Cassell’s New +echnical Educator,” cheap
edition, complete in six vols,

Messrs. Chapman and Hall, Ltd., announce :—*‘ What is
life? or, Where are we? What are we? From whence did we
come? And whither do we go?” by Frederick Hovenden,
illustrated ; *‘ Physics, experimental and theoretical, an elemen-
tary treatise, mechanics, hydrostatics, pneuwmatics, heat, and
acoustics,” by Dr. R. H. Jude and H. Gossin, illustrated.

Among Messrs. J. & A, Churchill’sannouncements we find :—
‘“ A Manual of Diseases and Injuries of the Eye,” by W, H, H.
Jessop ; *“ The Means by which the Temperature of the Body
1s maintained in Health and Disease, being the Croonian Lec-
tures for 1897,” by Dr. Hale White ; *“ Economics, Anwsthetics,
and Antiseptics in the Practice of Midwifery,” by Haydn
Brown ; the second edition, enlarged, of Dr. Thin’s ** Treatise
on Psilosis, or * Sprue”’ " ; the second edition of *“ The Analyst’s
Laboratory Companion,” by Alfred E. Johnson ; the third edition
of Mr, Hartridge's ‘* Manual for Students on the Ophthalmo-
scope " ; the third edition of Dr. Starling’s ** Elements of Human
Physioloﬁy ”; the sixth edition of ** The Theory and Practice of
Surgery,” by W, J. Walsham ; the eighth edition of Dr. Fen-
wick’s ““ Student’s Guide to Medical Diagnosis”; the eleventh
edition of McHeath's * Manual of Minor Surgery and Band-
aging."”

The Clarendon Press will publish :—G. Claridge Druce's
‘‘Flora of Berkshire,” dedicated by permission to Her Majesty
the Queen ; ““ An Account of the Herbarium of the University
of Oxford” ; and ‘“ A Book for Beginners in Geometry,” by
Prof. G. M. Minchin, F.R.S,

The list of Mr, Engelmann, of Leipzig, comprises :—*“ Arbeiten
des physikalisch-chemischen Instituts der Universitit Leipzig
aus den ‘]ahren 1887 bis 1896,” gesammelt und herausgegeben
von Prof. Wilhelm Ostwald, Vier Binde, Erster Band : (1) All-
&;cmeines, (2) Die elektrische Leitfihigkeit geloster Stoffe, (3)
Die Dissociation der Siuren, (4) Die Dissociation der Basen,
Zweiter Band : (5) Bestimmung von Molekulargewichten, (6) Das
homogene Gleichgewicht, (7) Das heterogene Gleichgewicht,
(8) Reaktionsgeschwindigkeit, Dritter Band : (9) Konta tpoten-
tiale, (10) Theorie der Kette, (11) Anwendung der Theorie der
Kette, (12) Polarisation, Vierter Band : (13) Innere Reibung
und Diffusion, (14) Optische Verhiiltnisse, (15) Thermische- u.
Volumverhiltnisse, (16) Physikochemische Untersuchung ein-
zelner Stoffgruppen, Verschiedenes ; * Betrachtungen {iber die
Farbenpracht (Fer Insekten,” by Brunner v. Wattenwyl, illus-
trated; ‘“Das Wachstum des Menschen, Anthropologische
Studie,” by Dr. Franz Daffner; *‘ Tafeln und Tagellen 2ur
Darstellung der Ergebnisse spektroskopischer u. spektrophoto-
metrischer Beobachtungen,” by Prof. Th. W. Engelmann ;
¢ Kollektivmasslehre,” by Gustav Theodor Fechner, Im Auf
trage der Kiiniil. Siichsischen Gesellschaft der Wissenschaften
herausg. von Gottl. Friedr. Lipps; ‘* Das Verhiltniss der ex-
perimentellen Baktcriologie zur Chirurgie, Amrittsvorlesung-,
Eehalten am 10 Juli 1897 in der Aula der Universitiit Leipzig,

y Paul Leopold Friedrich; *“ Die Begriffe Phinomenon und
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Noumenon in ihrem Verhiiltniss zu einander bei Kant, Ein
Beitrag zur Auslegung und Kritik der Transcendental-philo-
sophie,” by Dr. George Dawes Hicks; ‘‘ Der tigliche Wiir-
meumsatz im Boden und die Wiirmestrahlung zwischen Himmel
und Erde,” by Theodor Homén; ‘‘Ein Beitrag zu einer
sicheren Behandlung von Rachen-Diphtherie und Scharlach
ohne Serum,” by Dr., F. Lueddeckens ; “ Die wissenschaftlichen
Grundlagen der analytischen Chemie, Elementar dargestellt,” by
Prof. W. Ostwald, Zweite vermehrte Auflage ; ‘‘ Planzenphysio-
logie, Ein Handbuch des Stoffwechsels und Kraftwechsels in
der Pflanze,” by Prof. W, Pfeffer, Zweite ganz umgearbeitete
Auflage, Erster Band: Stoffwechsel ; “ Darwin und nach
Darwin, Eine Darstellung der Darwinschen Theorie und Eror-
terung Darwinscher Streitfragen,” by Dr. George John Romanes,
F.R.S., iii. Band: Darwinsche Streitfragen, Isolation und
Physiologische Auslese. Mit Bewilligung des Herausgebers
aus dem Englischen {ibersetzt von Dr. B, Noldeke, Mit d.
Bildniss v. Rev. J. Gulick ; **Zur Psychologie des Erkennens,
Eine biologische Studie,” by Dr. Gustay Wolff.

Messrs. R. Friedlinder and Sohn, of Berlin, promise :—
“‘Supplement to the International Zoologist’s Directory,” edited
by the German Zoological Society ; “* The Microtomist’s Vade-
mecum,” a handbook of microscopic anatomy, by Arthur Bolles
Lee; ““ The Birds of Celebes and the Neighbouring Islands
(Sangi, Talaut, Sula, Togian, &c.),” by A, B. Meyerand L. W.
Wiglesworth, two vols, with coloured plates and maps;
“ Gerberti (Papae Silvestri II.) Opera Mathematica,” primum
collegit et edidat, by N. M. Bubnow; ‘‘Beschreibung der
Hauptmethoden, welche bei der Bestimmung der Verbrennung-
swiirme {iblich sind,” by Prof. W. Louguinine, illustrnle(f;
““ Catalogus Mammalium tum viventium quam fossilium,” b
Dr, E. L. Trouessart, nova editio (prima completa), Fasci-
culus iii. Rodentia (ii.).

Messrs. Gauthier-Villars et Fils, of Paris, promise : “‘ Ther-
mochimie,” by Berthelot : ** Rayons cathodiques et rayons de
Rontgen,” by Perrin ; * Les méthodes nouvelles de la Mécanique

celeste,” by Poincaré, T. iii. ; *“ Traité encyclopédique de Pho-’

tographie,” by Fabre ; ‘‘(Euvres,” by Cauchy, S, 1. T, iii. ;
““Théorie des fonctions algébriques de deux varjables indépen-
dantes,” by Picard et Simart ; *‘ Journal de I'Ecole Polytech-
nique,” ii. S. ii. Cahier; ** Introduction i la géométrie differ-
entielle, suivant la méthode de H, Grassmann,” by Burali-Forti ;
“La pratique du Teinturier,” by J. Gargon; ‘‘Legons sur
ll"Eleclricité," by Eric Gérard ; ‘“ Atlas photographique de la
une,”

Mr. Upcott Gill's forthcoming books are :—*‘ The Photo-
graphic Printing Processes,” *‘ Poultry Farming,” ** Realities of
Sea Life,” * Workshop Makeshifts,” *‘Scientific Whist,”
“ Popular Dog Management,” and *‘ Hardy Perennials ¥ (new
edition).

Messrs. Ginn  and Co., of Boston, give notice of :—
““ Physical Experiments : a Manual and Note Book,” by Alfred
P, Gage ; ““A Text-Book of Physics,” by G. A. Wentworth
and G. A. Hill; “An Introductory Course in Quantitative
Analysis,” by Prof. Percy N. Evans; ‘‘ Famous Problems of
Elementary Geometry, an authorised translation of F. Klein's
‘Vortriige iiber ausgewithlte Fragen der Elementargeometrie
ausgearbeitet von K. Tigert,”” by Prof. Wooster Woodruff
Beman and Prof. David Eugene Smith.

Messrs. Charles Griffin and Co., Limited, hope to issue :—
“ Brewing (the Principles and Practice of) : a Text-Book for the
use of Students and Practical Men,” by Dr. Walter ]. Sykes,
with plate and illustrations ; ** Micro-Organisms (the Utilisation
of) in the Arts and Manufactures: a Practical Handbook on
Fermentation and Fermentative Processes for the use of Brewers
and Distillers, Analysts, Technical and Agricultural Chemists,
and all interested in the Industries dependent on Fermentation,”
by Dr. Franz Lafar, translated by Charles T, C. Salter, in two
volumes, each complete in itself, and sold separately, illustrated ;
““ Mine Accounts and Mining Book-keeping : a Manual for the
Use of Managers of Metalliferous Mines and Collieries, Students,
and others interested in Mining,” by Prof. James G. Lawn;
“The Art of the Goldsmith and Jeweller: a Manual for
Students and Practical Men,” by Thos. B. Wigley, assisted by
J. H. Stansbie, illustrated; *‘ Painting and Decorating : a
Complete Practical Manual for House Painters and Decorators,
embracing the Use of Materials, Tools, and Appliances ; the
Practical Processes involved ; and the General Principles of
Decoration, Colour and Ornament,” by Walter John Pearce,
illustrated ; *“ Colour Theory and its Practical Application to
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l’ainting. Dyeing, and the Textile Industries,” by Geo. H.
Hurst, illustrated ; ““ Applied Mechanics (an Advanced Text-
Book on),” by Prof. Andrew Jamieson. Vol. ii.—Comprising
Parts iii.to vi. : Motion and Energy ; Graphic Statics ; Strength of
Materials; Hydraulics and Hydraulic Machinery, with numerous
illustrations and examination papers ; * The Heat Efficiency of
Steam Boilers : Land and Marine ; many Experiments on many
Types, showing Results as to Evaporation, Heating Value of
Fuel, Analysis of Gases, &c.,” by Bryan Donkin, illustrated ;
 Algebra,” by R. C. Buck ; *‘ Ocean Meteorology : for Officers
of the Merchant Navy,” by William Allingham. New editions
of :—** Introduction to the Study of Metallurgy,”” by Prof. W. C.
Roberts-Austen, C.B., F.R.S., with additional illustrations and
Micro-Photographic plates of Different Varieties of Steel ;
“ Mine-Surveying (a Text-Book of), for the use of Managers
of Mines and Collieries, Students at the Royal School of Mines,
&e.,” by Bennett H. Brough, illustrated ; *“ The Steam Engine
and other Prime Movers,” by Dr. W. J. Macquorn Rankine,
with a Section on Gas, Oil, and Air Engines, by Bryan Donkin ;
*“Clinical Diagnosis : the Chemical, Microscopical, and. Bac-
teriological Evidence of Disease,” by Prof. von Jaksch,
translated by Dr. Jas. Cagney, from the fourth German edition,
revised and partly re-written, with additional illustrations ;
““ Mental Diseases : with special reference to the Pathological
Aspects of Insanity,” by W. Bevan Lewis, illustrated;
*“ Forsenic Medicine and Toxicology,” by Dr, J. Dixon Mann;
‘“ A Surgical Hand-Book : for Practitioners, Students, House
Surgeons, and Dressers,” by F. M. Caird and C. W. Cathcart ;
‘“ Practical Sanitation : a Handbook for Sanitary Inspectors and
others,” by Dr. George Reid ; ““ A Manual of Ambulance,” by
J. Scott Riddell, illustrated.

Messrs, Henry Holt and Co., New York, announce :—** The
Elements of Comparative Zoology,” by Prof. . Sterling Kingsley ;
** Laboratory Directions in General Biology,” g Harriet
Randolph ; ““ An Outline Introductory to Kant’s Critique of
Pure Reason,” by Prof. R. M. Wenley; and a new and
enlarged edition of *“ Hall and Bergen’s Text-Book of Physics.”

Messrs. Crosby Lockwood and Son’s announcements include :
— ‘“ Submarine Telegraphs,” by C. Bright; *‘ The Gas

Engineer’s Pocket-Book,” by H. O'Connor; * Hydraulic
Machincry,” G. C. Murks; “Iron and Steel Bridges and
Viaduets,” by F. Campin ; ** Practical Forestry,” by Prof. C,

E. Curtis,

Messrs. Longmans and Co. promise :—The Fur, Feather, and
Fin Series—** The Trout,” by the Marquis of Granby, &c.,
illustrated ; ““ The Rabbit,” o B (&{arling; “ Birds in
London,” by W. H, Hudson, illustrated ; *‘ Darwin, and after
Darwin : an Exposition of the Darwinian Theory and a Dis-
cussion of Post-Darwinian Questions,” by the late Dr. George
John Romanes, F.R.S, Part iii, Post-Darwinian Questions :
Isolation and Physiological Selection; ‘‘ The Diseases and
Injuries of the Lungs and Pleura,” by Dr. James Kingston
Fowler and Dr, Rickman J. Godlee, illustrated ; ‘‘Surgical
Pathology and Principles,” by Dr. J. Jackson Clarke, illustrated;
‘“ A Manual of Midwifery, by Dr. William Radford Dakin,
illustrated ; *‘ Essentials of Practical Bacteriology,” by Dr.
Henry J. Curtis, illustrated ; “ The Essentials of Experimental
Physiology,” for the use of Students, by Dr, T. G. Brodie ;
““The Dwelling House in Country and Suburban Places,” by
Dr. George Vivian Poore, illustrated ; * The Arrangement of
Atoms in Space,” by Prof. J. H. van 't Hoff, second, revised and
enlarged edition, with an Appendix, *‘ Stereochemistry amon
Inorganic Substances, by Prof. Alfred Werner, translated an
edited by Arnold Eiloart ; “ Mechanical Engineer's Pocket-
book,” by Prof, David Allan Low ; *‘ The Origin and Growth
of the Moral Instinct,” by Alexander Sutherland.

The announcements of Messrs. Macmillan and Co., Ltd.,
include :—** West African Studies,” by Mary Kingsley ; ¢ The
Ruins and Excavations of Ancient Rome,” a companion book
for Students and Travellers, by Prof. Rodolfo Lanciani, with
numerousillustrationsand maps; “‘The Scientific Papers of Henry
T. Huxley,” reprinted from the Journals of Scientific Societies,
edited by Prof, Michael Foster, Sec.R.S., and Prof. E. Ray Lan-
kester, I.R.S., in four volumes, vol. i.; ‘A Text-Book of
Zoology,” by Prof. T. Jeffery Parker, F.R.S., and Prof. William
A. Haswell, illustrated, two volumes; ‘A Text-Book of Botany,’
by Dr. E. Strasburger, Dr. Fritz Noll, Dr. H. Schenck, Dr. A,
F. W, Schimper, translated from the German I)K Dr. H. C. Porter,
illustrated, in part coloured ; ‘“ A Text-Book of Metallurgy,”
by Carl Schnabel, translated and edited by Prof. Henry Louis,
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illustrated, two volumes; *‘Elements of Palaxontology,” by
Prof. Karl A. von Zittel, translated and edited by Dr. Charles
R. Eastman, vol. i. (this English edition is revised and
enlarged by the author and editor in collaboration with
numerous specialists) ; *“ Light, Visible and Invisible,” lectures
delivered at the Royal Institution, by Prof. Silvanus P.
Thompson, F.R.S., illustrated ; *““The Founders of Geology,”
a series of lectures, by Sir Archibald Geikie, F.R.S,; *“ A
System of Medicine,” by Many Writers, edited by Dr. Thomas
Clifford Allbutt, F.R.S., vol. iv., containing
liver, of the pancreas, of the kidney, and of lymphatic and
ductless glands, obesity, and diseases of the respiratory organs ;
‘“ Electro-Physiology,” by Prof. H. Biedermann, translated by
Frances A. Welby, vol. il ; * Infinitesimal Analysis,” by Prof.
William Benjamin Smith, vol. i. Elementary ; ‘ On Laboratory
Arts,” by Prof. Richard Threlfall; ‘¢ Recent and Coming
Eclipses,” by Sir Norman Lockyer, K.C.B., F.R.S,, illus-
trated ; *“ The Sun’s Place in Nature,” by Sir Norman Lockyer,
K.C.B.,, F.R.S., illustrated ; ** Physiography for Advanced
Students,” by A, T. Simmons, illustrated ; ¢ The Pruning Book,”
by L. H. Bailey (Garden Craft Series) ; *“ Constipation,” by Dr,
H. Illoway; ‘‘Entomology,” by Dr. A. S. Packard; ““A
Primer of Elementary Psychology,” by Prof. E. B. Titchener ;
‘ American Insects, \Vccc{: Wild Neighbours,” by E. Ingersoll ;
“Travels in West Africa,” by Mary Kingsley, new and
Bopulnr abridged edition; *‘The Practitioner's Handbook,”

Dr. J. Milner Fothergill, new edition, revised by Dr.

. Murrell,

Messrs. Methuen and Co. announce :—** Primaeval Scenes,”
by Rev. H. N. ITutchinson, illustrated.

The Rebman Publishing Co. Ltd., announce :—*‘ The
Diseases of Women: a Handbook for Students and Prac-
titioners of Medicine,” by J. Bland Sutton and Dr, Arthur E.
Giles, illustrated ; ‘‘ Injuries and Diseases of the Ear: being
various papers on Otology,” by Macleod Yearsley.

Messrs. L. Reeve and Co. have in preparation for serial
issue :—A new illustrated work on the ** Potamogetons of the
British Isles,” by Alfred Fryer, illustrated ; an illustrated
““ Monograph of the Genus Teracolus,” by Miss E. M. Bowdler
Sharpe ; also the final part and concluding volume of the ** Flora
of British India,” by Sir Joseph Hooker, F.R.S. ; new parts of
the ** Flora Capensis " and the ** Flora of Tropical Africa” ; and
ihc f(:unh volume of C, G. Barrett’s ** Lepidoptera of the British
sles.”

In Mr. Grant Richard’s list we notice :—*‘The Evolution of
the Idea of God : Researches in the Origins of Religion,” by
Grant Allen ; ““ The Subconscious Self in its Relation to Educa-
tion and Health,” by Dr, Louis Waldstein,

Messrs, Walter Scott, Ltd., will add to the Contemporary
Science Series :—‘“Sleep: its Physiology, Pathology, Hygiene,
and Psychology,” by Dr. Marie de Manacéine, with diagrams,

Messrs. Swan Sonnenschein & Co., Ltd., promise :—
““Ethics,” by Prof. W. Wundt, translated with the author’s

rmission from the second German edition, 3 vols., vol. i
Yre\tmduction: the Facts of the Moral Life, translated by
Prof. Julia Gulliver and Prof. E. B. Titchener, vol. ii. Ethical
Systems, translated by Prof, Margaret Floy Washburn, vol. iii,
The Principles of Morality and the Sphere of their Validity,
translated by Prof. E. B. Titchener; ** Physiological Psycho-
logy,” by Prof. W. Wundt, translated by Prof. E. B. Titchener,
illustrated, 2 vols.; *‘ Practical Ethics,” by Prof. Henry Sidg-
wick ; ““A History of Contemporary Philosophy,” by Prof,
Friedrich Ueberweg, edited by Prof. Max Heinze, translated by
William A, Hammond (forms a supplement to Erdmann's
el History .of Philosophy”); “A Student’s Text-book of
Zoology,” by Adam ngwick. F.R.S., illustrated, 2 vols, ;
*¢ Text-Book of Palwontology for Zoological Students, by
Theodore T. Groom, illustrated; *‘Text-Book of Embry-
ology : Invertebrates,” by Drs. Korschelt and Heider, vol. ii.
Crustacea and Arachnoids, translated by Mrs. Bernard with
‘the assistance of Mrs, Woodward, illustrated ; ** Practical
Plant Physiology,” by Prof. Wilhelm Detmer, translated by
Prof. S. A. Moor ; *“ Handbook of Practical Botany, for the
Botanical Laboratory and Private Student,” by Prof. E. Stras-
burger, edited by Prof. W. Hillhouse, new and revised edition,
illustrated ; ** Introduction to the Stud?' of Orglttlnic Chemistry,"”
by John Wade, illustrated ; *‘ Radiation,” by H. H. F. Hyndman ;
“The Elements of Number,” Part v. Compound Rules applied
to Weights and Measures, Length, Weight, Capacity, Time,
Divisors and Multipliers not exceeding 99, by Edith A, Sonnen-
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schein ; Young Collector Series: ‘* Fishes,” by the Rev. H.
A. Macpherson ; “* Handbook of Grasses,” by W, Hutchinson,
illustrated ; ‘“ Mammalia,” by the Rev. H A. Macpherson;
“Birds’ Eggs and Nests,” by W. C. J. Ruskin Butterfield ;
“The Science and Art of Arithmetic,” by A. Sonnenschein
and H. A, Nesbit, new edition ; *‘ The Dynamo : how made
and how used,” by S. R. Bottone, a new edition, illustrated,
and an Appendix on the Construction of a Six-Unit Dynamo.

Messrs, Thacker and Co.’s list includes :—** Infective Diseases
of Animals,” by Captain M. H. Hayes, being Parti. of the
translation of Friedberger and Froechner's * Pathology of
Domestic Animals,” translated and annotated by Captain M.
H. Hayes, Dr. Newman, and others, in 2 vols. (sold
separately).

Mr. Fisher Unwin announces :—‘‘ Masters of Medicine,”
edited by Dr. Ernest Hart; each with photogravure frontispiece ;
vol. i. John Hunter, by Stephen Paget, vol. ii. William Harvey,
by D'Arcy Power.

Messrs, Warne and Co.'s forthcoming scientific books are :—
““ Favourite Flowers of Garden and Greenhouse,” and a new
edition of Armatage's *‘ Cattle Doctor.”

Messrs, Whittaker and Co.’s announcements include :—
‘“ Central Station Electricity Supply,” by A. Gay and C. H.
Yeaman ; ‘“ Alternating Currents of Electricity : a Practical
Treatise upon their application to industries,” authorised trans-
lation from the French of Loppeé and Bouquet, by T. J. Moffett
Prof. Reychler’s ¢ Les Théories Physico-Chimiques,” translated
by Dr. Ferdinand Hurter ; *‘ The Theory and Practice of Ana-
lytical Electrolysis of Metals,” translated from the German of
Dr. Bernard Neumann by J. B. C. Kershaw ; ** Whittaker's
Mechanical Engineer's Pocket-Book,” by Philip J. Bjorling ;
“The Inspection of Railway Material,” by G. R. Bodmer:
“The Elements of Geography,” by Charles Bird ; ¢ Electric
Lighting and Power Distribution,” by W. Perren Maycock,
third edition, re-written, vol. ii.

LONG RANGE TEMPERATURE AND
PRESSURE VARIABLES IN PHYSICS.!
METHODS OF PYROMETRY,

“T" HE endeavour to provide suitable apparatus for high tem-

perature measurement is one of long standing. The student
of the subject is fairly overwhelmed with the variety of devices
which have been proposed. Thereare few phenomena in physics
which have not in some way or other been impressed into pyro-
metric service, often indeed by methods of exquisite physical
torture. I cannot, of course, even advert to many of these this
afternoon, as my purpose will have to be restricted to such
devices as have usefully survived. Thus a whole group of
*“intrinsic thermoscopes,” as Lord Kelvin calls them—apparatus
in which some property of the substance is singled out for
measurement—will be overlooked. Pyrometry will some day
receive substantial aid from the phenomena of solid thermal ex-
pansion, dear to the hearts of old Wedgwood, of Prof. Daniells,
of the citoyen Guyton-Morveau, and recently to Prof. Nichols,
Dr. Joly and others; but even the ‘“ meldometer,” which has
received Ramsay's encouragement, and recent heroic attempts to
measure the exeansion of platinum, have not yet entered the
arena to stay.* The same may be said of vapour pressure,
ebullition and certain dissociations, of which the former is en-
tirely too liberal in dispensing pressure, and the latter too negli-
gent in readjusting it.  Little has been done with heat conduc-
tion regarded as subservient to the measurement of high
temperatures ; little with colour and the spectrum, even though
Draper and Langley in America, and many others elsewhere
have paid tribute ; little with polarisation. The wave-length of
sound has told Cagniard Latour and our own A. M. Mayer
much about high temperature, but it did not tell them enough.
Throughout the history of pyrometry, fusion seems to have
come forward for journeyman J’uty. I\'{’hat is more convenient
than to find whether the degree of red heat istoo low or to0
high from the fusion of prepared alloys. As far back as 1828
Prinsep, aware of the golden opportunity, with hisair thermometer
determined the melting point of some equally sprecious alloys ©
1 An address delivered by Prof, Carl Barus, before the Section of Physicss
at the Detroit Meeting of the American Association for the Advancement

Science, August 1897, el i
2 Noteworthy attempts to replace mercury by a liquid potassio-sodium

[- alloy in glass thermometers are among the novelties.
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gold, silver and platinum, and determined them very well. Other
alloys were afterwards substituted, and graded mixtures made of
quartz, chalk, kaolin and felspar for the purpose. Efforts to ob-
tain more accurate values are due to Becquerel, but the absolute
values most widely used until quite recently, namely, the melting
points of silver (958%), gold (1035°), copper (1054°), palladium
(1500°), platinum (1775°), iridium (1950°), are due to the re-
searches of Violle.

. Interest in high-temperature fusions has of recent date rather
increased than abated, The demand for more accurate data has
been met by the Reichsanstalt, and we have now a set of values
for silver, copper, gold, nickel, palladium and platinum in terms
of the air-thermometer standard of that institution. Data have
also been supplied by Callendar. Among these values there is as
yet considerable confusion, and the end is not yet. Long ago I
suspected that the Violle melting points were probably too low,
whereas the assumed zinc boiling point is probably too high.
This surmise has been partially borne out by the Reichsanstalt,
though Le Chatelier even now prefers Violle's values.!

Thermoscopes based on a specific heat have an advantage over
fusion thermoscopes in not being discontinuous, They are quite
as ‘“intrinsic " and much less convenient in practice. Guyton-
Morveau at the beginning of the century pointed out the pyro-
meter importance of specific heat, nml a host of observers
followed him. But the critical discussion of the subject is due
to Pouillet’ (1836), who determined the thermal capacity of
platinum between 0° and 1200° absolutely, and found a value so
nearly constant as to place this method of pyrometry in a very
favourable light. Other observers followed with new data, and
the bulk of our knowledge to-day is again due to Violle. Violle
used Deville and Troost's exhaustion air thermometer, and
determined the law of variations of specific heat and temperature
throughout a large pyrometric interval with a number of metals,
silver, gold, copper, palladium, platinum, iridium among them,
It was by prelonging this law as far as fusion that the melting
points of the metals, to which I have already alluded, were
obtained. This verges on extrapolation, but it is not extrapola-
tion gone mad.

The importance of calometric high temperature measurement
has recently been accentuated in connection with the remarkable
high temperature accomplishments of Moissan.  Furnace
temperatures in the case of such technological opemlions as are
used in connection with iron, glass and porcelain manufacture,
rarely exceed 1400°; except perhaps in the Bessemer process,
where the temperatures are wont to exceed 1600° and even
reach 2000°. In Moissan’s furnace, which is essentially an
electric arc enclosed by non-conducting lime, a totally new order
of high temperatures is impressed. There was thus a call for at
least an approximate measurement of their values which was
answered bx
above 1000” approaches a limit of o°5 calorie.
of this hypothesis is not unchallenged, however ; for instance,

Le Chatelier finds that, up to 1000°, the specific heat of carbon |

continually increases having no certain limit. Admitting Violle's
results, Moissan’s furnace temperatures exceed 2000° even at
30 amperes and 55 volts ; at 360 amperes and 70 volts tin and
zinc oxides melt and boil ; they exceed 3000° at 500 amperes and
70 volts, where lime melts, and often boils. Moissan, however,
went as far as 1000 amperes at 50 volts,

The striking novelty of Moissan’s work is rather of chemical
interest, and a large part of it is so fresh in our memory that in
view of Moissan’s valuable book (‘*Le Four électrique,” par
Henri Moissan ; Paris, Steinheil), I need merely glance at it
A range of fusibilities, among which platinum lies lowest, while
chromium, molybdenum, uranium, tungsten, vanadium, follow
in order, and o? ebullitions beginning with silica and zinc oxide,
is rather breath-taking. Finally his structural investigations on
the occurrence of carbon, and his long series of carbides, many
of them commercially valuable, have staggered even the sensa-
tional press.

Leaving other intrinsic thermoscopes for the moment, I will
ask your attention in this place to the development of the only
fruitful method of absolute pyrometry which has yet been devised.

1 The following table contains a brief summary :
(Violle) 0.54 (Barus) 956— 9.85 (Callendar)

:g. 9§= (H. & W.) o711
1, 1045 1091-1093 1037 1072
Cu. lo;Q 1096~1097 1082

i — 1456-1 17 1484
Pd, 1500 1585-1643 1587
Pt 1775 17571855 1780
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Violle, assuming that the specific heat of carbon |
The sufficiency |

I refer, of course, to the gas thermometer, or, in other words, to
the manometric methods of measuring the thermal expansion o.
gases. Efforts have indeed been made to use gaseous viscosity
for absolute high temperature work. It has been definitely
pointed out, inasmuch as viscosity in gases is independent of
pressure, while both viscosity and volume increase with temper-
ature, that the transpiration rates of gases through capillary
tubes of platinum glazed externally would necessarily be an
exceedingly sensitive criterion of the variation of high tempera-
tures,. The small volume of the transpiration pyrometer as
compared with the clumsy fragile bulb and appurtenances of the
air therinometer is further to the point. But modern kinetics
has as yet failed to fathom the law of variation of viscosity with
temperature, and even the researches of O. E. Meyer in this
direction do not seem to have quite touched bottom. Gaseous
transpiration pyrometry is thus still much in the air, surveying
the horizon of a glorious future.

Returning from this digression to the air thermometer, we find
the first thorough-going piece of high temperature work carried
out by Prinsep (1829) by the aid of a reservoir of pure gold, to
which I have already alluded. Prinsep’s manometer was filled
with olive oil, and the volume issuing at constant pressures was
found by the balance. In view of tﬁc pure olive oil, probably
available in 1829, these experiments must have been comfortably
appetising, and I dare say Prinsep’s good humour in the matter
may have contributed to the remarkable excellence of his results,
Prinsep's researches were not superseded until Pouillet, in 1836,
published his paper on pyrometry. Pouillet constructed an air-
thermometer bulb of platinum, and was thus able to reach the
farthest pyrometric north of the day and long after. His results
are many-sided ; they contain the first definite data in radiation
pyrometry and in calometric pyrometry. His constant pressure
manometer, afterwards further perfected by Regnault, is the best
apparatus for the purpose to-day. Pouillet did not suspect, in-
deed he remained quite unaware of, the permeability of platinum
to furnace gases ; perhaps for this and other reasons he failed to
detect the thermo-electric anomalies in the platinum-iron couple
which he has so carefully calibrated.

It was thus a great step in advance when Deville and Troost
long after replaced platinum by glazed porcelain, availing them-
selves (1857-60) of Dumas’ famous vapour dcnsily method for
measuring temperature. Unfortunately for the rapid progress of
pyrometry Deville and Troost used iodine vapour in their bulbs,
a heavy gas indeed, but a gas, as was afterwards found, whose
low temperature molecule dissociates at higher temperatures.
Thus they unwittingly committed an even greater error than
Pouillet in gliding over permeable platinum ; and their data for
the boiling points of zinc and of cadmium were about 100°
too high. In fact these results were challenged not long after by
Becquerel (1863), who had fallen heir to Pouillet’s platinum air
thermometer, had used it to calibrate a platinum-palladium
lhcrmo-couplc of his own, and had found data for the boiling
Boints of zinc and cadmium upwards of 110° below those of

eville and Troost. I cannot here enter upon the discussion

which thereafter arose between these active observers, further
than to state that in the course of it both parties frequently
repeated their measurements (Becquerel even substituting a
porcelain bulb for Pouillet’s thermometer) without removing
the discrepancy between their values.
« Later researches have decided in favour of Becquerel's results,
and his original research, with its applications to fusion, to
radiation, to thermo-electrics, &c., is one of the noteworthy
accomplishments in the history of pyrometry. Nevertheless it
must not be forgotten that to the investigation of Deville and
Troost our knowledge of the perviousness of iron, platinum, and
other metals to gases is due. We are also indebted to Deville
for the great discovery of dissociation, the very phenomenon
which he was here so loth to acknowledge. This is the case of
a man stumbling in his own footprints. Victor Meyer was, I
believe, the first to point out the probable dissociability of the
iodine molecule, suggesting a fruitful subject of research which
has since been extended to many other molecules,

In 1863, Deville and Troost began a new series of high tem-
perature researches, the feature of which is the (l)erfectcd form
of porcelain bulb. This was a hollow sphere and long capillary
stem adapted for use with Regnault’s standard air thermometer,
Great difficulties were encountered in the endeavour to glaze
the bulbs within, They were finally overcome by makin§ ulb
and stem separately, and then soldering them together with felspar
before the oxyhydrogen blow-pipe. Elaborate measurements
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on the thermal expansion of Bayeux porcelain accompanied | development of the air thermometer, although the latter is de-

these researches which, undertaken together with M. Gosse of
the Bayeux works, occupied them intermittently for about seven
years. A full summary of their data did not appear, however,
until 1880, when, together with a new vacuum method of high
temperature air thermometry, they communicated the results of
twenty-seven measurements on the boiling point of zinc. Their
new results are in good accord with the data of Becquerel, already
cited, and the more recent results of Violle and others for the
same landmark in the region of high temperatures. Measure-
ments between 0° and 1500° had thus reached a degree of
precision of about 15" in 1000"

The further development of pyrometry took a somewhat
different direction, Regnault (1861) had already made use of a
displacement method, in which the measuring gas is removed
bodily into the measuring apparatus by an absorbable gas. But
the method was independently revived by Prof. Cralts, of the
Boston Institute of Technology. These methods are not of
especial excellence below 1500 ; but above that temperature,
when most solids tend to become viscous, their importance
increases (as Crafts duly pointed out) in proportion to the
rapidity with which the measuring operations can be completed.
One or two minutes may suffice, and different gases may be tested
consecutively, It is in this way that Victor Meyer and his
pupils, after demonstrating the dissociation of iodine and chlorine
molecules, succeeded in penetrating quantitatively to very much
less accessible heights of temperature. A particular desideratum
was a rigid test as to the stability of the molecule of the standard
measuring gases (oxygen, hydrogen, nitrogen). The results
were favourable inasmuch as for these and for many gases, like
CO,, SO,, HCI, Hg, &c., the expansions obtained were linear
functions of each other,

In their final work, temperatures as high as 1700° were
reached, the air thermometer for this purpose being tubular in
form, consisting of very refractory fire-clay with an interior and
exterior lining of platinum and with two end tubulures of
platinum for influx and efflux of gases. Among many results of
great chemical interest their researches showed that metallic
vapours, phosphorus, sulphur, &c., at high temperatures tend to
pass into the monatomic or the diatomic molecular structure.

Some time after (1887) a series of experiments furthering the
line of research of Deville and Troost were made with a geologic
aim in view in the laboratory of the U.S. Geological Survey.
Finally, porcelain air thermometry was taken up with great
vigour by the Reichsanstalt. These results, due to Holborn
and Wien, are now almost exclusively quoted, and carry the
stamp of the great institution from which they emanated. They
have been wisely made commerically available by the deposition
with Heritus in IHanau (Germany) of a platinum rhodium alloy
definitely calibrated for a temperature range of 1400°

Apart from this, these researches contain no essential novelty
except, perhaps, a more detailed attempt to investigate the stem
error of the thermometer bulb; their procedure otherwise is ident-
ical with the method developed in America. Iam not therefore
inclined to yield to it the unhesitating deference which has become
customary, There can be no doubt, in view of the splendid facili-
ties due to the co-operation of the Royal Prussian Porcelain works
~—facilities which those who have been baffled by porcelain tech-
nology, or have had to coax unwilling manufacturers into re-
luctant compliance, will appreciate—that the data of the
Reichsanstalt will eventually be standard.  For the present,
however, I should be more impressed by some sterling novelty
either in the direction of a larger range of measurement, or of
method. Conceding that an accuracy of §° at 1000” has been
reached, all results above 1500° remain none the less subject
to increasingly hazardous surmise.

A beautiﬁl{ method of absolute thermometry, albeit as yet
only partially developed, is due to Topler. In this the den-
sities of communicating columns of gas are compared very much
as in Dulong and Arago’s classical method for liquids, by the
gravitation pressures which correspond to these unequally hot
columns. To accomplish such extremely fine-pressure measure-
ment, Topler invented the “ Druck libelle,” an inversion, as it
were, of the common level, in which therefore the motion of
the bubble (or of a thread of liquid) indicates a change of
pressure conditioned by the invariable horizontality of the
instrument, {

The development of the practical forms of continuous intrinsic
thermoscopes (the radiation, the thermo-electric, and the electric
resistance methods) went more or less hand in hand with the
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cidedly the more recent.  Aside from pioneering experiments of
Miiller (1858) ard others, the well-known Siemens resistance
pyrometer (1871) was the first instrument in the field. It was
based upon data obtained from platinum, copper and iron, by
the calometric method of calibration, This instrument has
been remarkably perfected by Callendar and Griffiths, using
s{:ccinlly pure platinum calibrated by comparison with the air
thermometer as far as about 600’. Notwithstanding these
improvements the resistance pyrometer is inferior in my judg-
ment to the thermo-electric pyrometer on account of the greater
bulk and fragility of the exposed parts, and the tendency of
platinum to waste itself gradually at high temperatures. Its
u[pper limit of temperature measurement is thus limited ; for even
if the difficulty of selecting suitable terminals for the coil is set
aside, the difficulty of findingan insulator at very high tempera-
tures would remain. According to Holborn and Wien resist-
ance is seriously subject to the influence of furnace gases, and
rermnnence of the low temperature constants does not imply a
ike permanence of the high temperature constants of the metal.
Radiation pyrometry, curiously enough, is the most vener-
able method within the whole scope of the subject. It was
introduced by Newton (1701) in his scala graduum caloris, in
connection with his well-known law of cooling. Not to
mention minor workers, it was successively attacked and re-
vived in most of the noteworthy high temperature investiga-
tions. Pouillet and Draper have studied it ; Becquerel, Crova,
Violle, Le Chatelier, Langley, Nichols, Paschen and others
have advanced it. It remains to-day the most promising, as
well as puzzlingly fascinating, subject for pyrometric research.
One need merely advert to its broad scope in relation to the
temperature of the heavenly bodies to acknowledge this, Here
I can only allude to Becquerel’s principle that the radiation of
opaque bodies is spectrometrically alike at the same temperature,
a result which has Crova’s more recent assent ; to Violle's photo-
metric measurements of the total emission of platinum ; to the
more recent work in the same direction of Violle andLe Chatelier,
in which consistent results were obtained for oxide of iron and
platinum as far as 1500° to 1700”; to Stefan’s law, as proved by
oltzmann and the variety of discussion it has elicited ; to H. F.
Weber's collateral equation ; to the Johns Hopkins measure-
ments, &c. Another school of observers, including Langley,
Paschen, and others, has undertaken the promising but much
more laborious method of bolometric measurement of the dis-
tribution of spectrum energy in its relation to temperature.
Without doubt, however, the whole subject is yet an primis
rudimentis ; the results are confessedly **intrinsic.” Indeed,
vagueness in the nature of the radiating source lowers with
sufficiently threatening aspect to chill the fondest hopes. When
one is told by Violle, working on Mont Blanc, that the tempera-
ture of the sun is 2500” ; thereupon by Rossetti that it is 9965°,
by Le Chatelier that it is at least 7600°, by Paschen that it is
below 5000°, by Wilson and Gray that it is 8000°% &c., one
wisely concludes that more may yet be learned about it. Our
sympathies naturally go with those who, like Lummer and
ien and the Johns Hopkins people, are beginning funda-
mentally with the search for an absolutely black body. Less
superstructure and more sub-cellar is perhaps the watchword in
radiation pyrometry. .
Turning now to the last and most important of the methaods of
practical pyrometry, we find a curiously meandering evolution ap-
arent. I have already indicated that Pouillet (18‘;( ) was the
rst to complete a legitimate piece of calibration work. Pouillet
might have condemned the method, but for some reason Tait’s
thermo-electric anomalies of red-hot iron were not detected.
Regnault (1847), who was the next to take up the subject as it
happened with the same couple, made this condemnation sweep-
ing enough. It was not the real perversity of the platinum-iron
couple which provoked Regnault, for of this neither he nor
Pouillet became aware, Regnault’s objection (as we should put
it to-day) lay in the fact that the thermo-couple obeyed Ohm’s
law, which in that early day lay somewhat beyond the great
physicist’s range of interest, Fortunately, but none the less long
after, Becquerel followed with his palladium and divers platinum
couples, carefully calibrated and efficiently used. What these
platinum couples were is not stated, They cannot have been
very sensitive, or they would have been preferred to the pal-
ladium-platinum couple. Indeed, the metallurgy of platinum
alloys did not reach a degree of refinement until Deville and
Debray (1875) overhauled the chemical separation of platinum
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metals with particular reference both to iridium and to rhodium.
Recently Mylius and Forster at the Reichsanstalt further
contributed to platinum metallurgy. But in view of the toils
in which the whole subject of high temperature measurement
languished in Becquerel’s day, his results were not sufficient to
remove the discredit which Regnault had thrown upon thermo-
electric pyrometry. And so it happened that the return to the
method in recent date was of the nature of a resuscitation,

It is amusing to note, as we pass on, the pranks of custom as
it bore down u{.)on pyrometry. Following Deville and Troost,
every worker (I might mention at least five) felt in duty bound
to redetermine the boiling point of zinc—rather a difficult feat
in its way., Thus we find boiling zinc inseparably associated
with the destiny of the calibrated thermo-couple. Chatelier
broke this law of fateful sequence by ignoring the need of
calibration at the outset, and then using the couple so dignified
to determine the melting points of silver, gold, palladium and
platinum. But these are Violle’'s melting points. Hence the
pyrometric feature of Le Chatelier's platinum-rhodium couple
was in its inception due to Violle.

Meanwhile, accompanying the geologic inquiries of Clarence
King, an extensive series of pyrometric investigations which had
been in progress in the United States since 1882 were completed
(1887). These contained a full examination of divers efficient
methods of pyrometry and a study of the porcelain air-thermo-
meter with particular reference to the calibration of thermo-
couples. In the course of this work the admirable pyrometric
qualities of the platinum-iridium alloy were exhibited by detailed
and direct comparisons with the air thermometer. It was shown
that the calibration could be made permanent by referring the
thermo-electromotive forces to a Clnrs)gs cell ; that the character
of their variation with temperature is uniformly regular, and that
the thermal sensitiveness of the couples increases as the higher
degrees of red and white heat are approached. Finally it was
pointed out that couples destroyed by silicate corrosion, orin
similar ways, could be restored by fusin’g over again on the lime
hearth with merely negligible changes of constants. Elsewhere,
LeChatelier's clever combination of the platinum-rhodium couple
with the D’Arsonval galvanometer, then a comparatively new
instrument in the laboratory, secured immediate favour. Prof.
Roberts-Austen, ever on the watch to waft good things across
the channel from Gaul into Albion, hailed the new-comer with
no uncertain sound. Some time after, the platinum-rhodium
couple entered Germany, and was there definitely calibrated
(1892) for the first time, as already stated, at the Reichsanstalt.

Of the three available couples, palladium, platinum-rhodium
and platinum-iridium, the former 1s excluded from competition
by reason of its low fusibility, Between platinum-iridium and
platinum-rhodium, the latter has been more extensively adver-
tised but is otherwise inferior to the older platinum-iridium alloy.
In other words, platinum-iridium, when suitably alloyed, can be
made more sensitive than platinum-rhodium in the ratio 100 to
76. Beyond this the alloys are much alike ; both are tenacious,
resilient, refractory metals, and their thermo-electric forces under
like conditions of temperature show a constant ratio even at
extreme white heats, l;::hc thermo-electric activity of these two
alloys is exceedingly remarkable. Among over fifty different
platinum alloys examined no similarly sensitive combinations
were found, Moreover, whereas platinum alloys of extremely
large electrical resistance are not unusual, such metals are not
to ﬁe distinguished thermo-electrically.

To conclude : the small dimensions of the sensitive point of
the thermo-couple, the independence of the intermediate temper-
atures between the junctions (apart from small corrections due
to the Thomson effect), and therefore the removal of the ter-
minal difficulty, the high upper limit of the measurable temper-
atures, the permanence of its constants in relation to Clark’s
cell in the lapse of time, the instantaneity of its indications, the
easy reproduction of destroyed couples, their relative insensitive-
ness to furnace gases, the regular and simple character of the
temperature function, the sustained sensitiveness throughout all
temperature ranges even quite into the fusion of platinum—all
these facts are a sufficient if not an overwhelming recommenda-
tion of the method.

In speaking of long range temperature variables, one is hardly

rmitted to overlook the remarkable work which has recently

en done in the direction of low temperature ; but with these
subjects I am less familiar, and can therefore only refer to in
passing. The progress made in the subject is sufficiently evi-
denced by the growth of large low temperature laboratories
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throughout the world, laboratories which undertake *‘ the cold
storage” of “ cold storage,” as it were, like those of Pictet in
Berlin and Paris, of Dewar in London, of Kamerlingh Onnes
in Leyden, of Olszewski in Krakau, and others. Dewar and
Fleming have added to our knowledge of the probable consti-
tution of bodies at the absolute temperature. Olszewski has
found the critical temperature of hydrogen ‘at-230° and its
atmospheric boiling point at - 243°. Dewar and Moissan have
liquefied fluorine. There is much here which I must reluc-
tantly forego. The hydrogen thermometer,'the platinum balance
(Callendar), and the thermo-couple are again doing excellent
work in thermometry.
APPLICATIONS OF PYROMETRY.

Turning now to the applications of recent pyrometry, we
meet first many series of valuable data on melting points and
similarly valuable data on the dissociation temperatures of
chemical compounds. To these I merely refer, not being quali-
fied to enter into chemical interpretations. High temperature
boiling points have also been treated, and I will especially con-
sider the case of the variation of metallic ebullition with pressure.
The relation of vapour pressure to temperature has thus far
defied the counsels of the wise, even though such men as
Bertrand and Dupré have given the matter close scrutiny. One
would suspect the simplest relation to hold for metallic boiling
points, and investigations have therefore been undertaken in
which the temperature of ebullition of Hg, Cd, Zn, Bi, were
studied for pressures decreasing from one atmosphere down
indefinitely.

The results so obtained show an effect of pressure regularly
more marked as the normal boiling point is higher, so that the
attempt to express the phenomenon for all these bodies by a
common equation is roughly successful. By far the most rapid
reduction of boiling point occurs when the pressure decreases
from % atmosphere indefinitely. For the case in which the
normal boiling point is to be predicted from a low pressure
value in case of a metal which, like bismuth, boils with great
difficulty, very high exhaustion is essential,

Igneous fusion, by which I mean the fusion of rock-forming
magmas, is particularly interesting in its relation to pressure.
This has been again recently pointed out by Clarence King in
his discussion of the age olp?he earth. If the carth is solid
within, as is now generally admitted, such solidity can only result
from superincumbent pressure withholding fusion. To study
the relation of melting point to pressure directly is out of the
question when white heat is the condition of fusion. 1In this
respect the laboratory in the interior of the sun or even of the
planets has some salient advantages ; but we cannot comfortably
put such a laboratory under strict surveillance of })rotoplasm.

Fortunately the Clapeyron equation, successively improved by
James Thomson and by Clausius, is here usefully available. To
measure the melting point, the difference of specific volumes of
the solid and the liquid body and the latent heat of fusion at
this temperature, with the aid of Joule's equivalent, is to
measure also the relation of melting point to pressure im-
plicitly. Based on the first and second laws of thermo-
dynamics, this equation is generally true, no matter what
sgcciﬁc properties may characterise the body. The mccss has
thus far been completely pushed through for diabase only.
Thermal change of volume may be measured by enclosing the
rock in a platinum tube of known expansion, and the contraction
of the contents from liquid to solid found by an electric micro-
meter probe reaching within the tube. Given a furnace fully
under control, then, as experiment has shown, the cooling can be
made to take place so slowly that platinum remains rigid rela.
tively to its cﬁarge of red-hot magma, and under these con-
ditions the contraction can actually be followed into the solid
state. At the same time, the temperature at which marked
change of volume occurs is the melting point. Apart from
difficulties of manipulation, the latent heat may be found from
measurement of thermal capacity on either side of the tempera-
ture of fusion, by a modification of known methods.

The rate at which fusion is retarded by pressure, computed
from these data in the manner specified, showed an increase of
the melting-point of a silicate of about 0'025° C. per super-
incumbent atmosphere.  But this datum falls within the margin
(0'02. . . 0'04) of corresponding data much more easily and
directly derived for organic bodies. One may therefore argue
that if the melting-point pressure rate is so nearly constant on
passing from the class of siliceous to the thoroughly different and



532

much more com pressible class of organic bodies, the rate would
probably be more nearly constant in the same body (siliceous or
organic) changed only as to temperature and pressure, This
surmise was verified for naphthalene within an interval of 2000
atmospheres,

The endeavour to interpret the change during fusion of the
volume of the chemical elements in terms of the periodic system
has been begun with much success by Max Tapler for low tem-
peratures. It would be of great interest to complete this
diagram for high temperatures in view of the specifically
molecular character of the fusion phenomenon, by repeating
such experiments as have just been described for rock
magmas.

The heat conduction of rocks has been investigated in many
cases for temperatures lying below red heat. Among recent
observers we need only instance the extensive investigations of
Ayrton and Perry. No trustworthy experiments, however, have
yet been carried into the region of essentially high temperature ;
and yet, what is chiefly of interest in the geological applications
of such experiments is the change of conduction which accom-
‘mnics changes of physical state, whether induced by pressure or
by temperature,

Experiments in heat conduction are difficult under any cir-
cumstances. They become insuperably so when conduction at
white heat is to be studied under pressure, and that is what
the geological conditions actually imply. Some notion of a
body respectively solid and liquid at a given temperature
may be obtained by observing the behaviour of bodies
which are capable of being under-cooled. A number of such
bodies are known, thymol being a conspicuous example, Ex-
periments with this body were made by measuring the volume
expansion, specific keat, and heat conduction in parallel series
both for the solid and liquid state at like temperatures. They
showed, for instance, that the increment of absolute heat con-
duction, encountered in passing isothermally from the solid to
the liquid state, when referred to solid conductivity is about
13 per cent., and when referred to a liquid conductivity is about
15 per cent, Similarly, the change of thermometric conductivity,
under like conditions, is an increment of 36 per cent, and 56 per
cent, respectively. Now, since in most questions relating to
thermal flow thermometric conduction enters exclusively, the
importance of this large coefficient is obvious whenever a body
passes from the solid to the liquid state.

Solid conduction is thus 40 or 50 per cent. in excess of liquid
conductivity for the same body at the same temperature and
pressure, It is reasonable to infer that a corresponding decre-
ment of conduction will accompany any rise of temperature of
a solid body, Measurements which have somewhat recently
been made for relatively small intervals at Ziirich, at Glasgow,
and at Harvard upon typical rocks, all bear out this surmise.
The immediate incentive to these experiments was a strong
paper by Prof. Perry, in which Lord
age of the earth is shown to be insufficient for an earth in which
the interior conductivity is systematically greater than the sur-
face conductivity. Indeed, he deduces the percentage increment
of the square root of the age of a Perry earth over that of a
Kelvin earth to be one-fifth of the percentage decrement of con:
duction for each 100" C. So far as the effect of terrestrial tem-
perature alone is concerned, the measurements just mentioned
show that Perry’s correction is negative or that Perry’s earth
would be less long-lived than the 100 x 10° limit of years set
by Lord Kelvin,!

To estimate the effect on heat conduction of the increase of
pressure which accompanies the increase of temperature with
the depth below the surface is a much more serious matter. In
the laboratory, pressure experiments are limited to 3000 or 4000
atmospheres ; compared with earth pressures, these scarcely
amount to a scratch on the surface ; yet even for this limit the
determination of heat conduction at high temperatures is out of
the question. A tentative method of arriving at a conclusion is
given by Clarence King in his discussion of the age of the earth,
the consequencesof which have beenquite overlooked, What King
endeavoured to accentuate, long before Perry's contribution tothe
subject, was precisely the fact we cannot assume greater conduc-
tivity for the interior than for the surface. Since heat conduc-
tion decreases isothermally from solid to liquid, it was assumed
that, in one and the same substance, the viscosity could be taken
as an index of the thermal conduction. Therefore if tempera-

1 The text of Kelvin's recent address at the Victoria Institute, in which
an age of thirty million years is maintained, has not yet reached me.
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ture and pressure were made to vary in such a way (both in-
creasing) as to leave viscosity constant, it was inferred that heat
conduction would also remain constant. Now the isometrics
or lines of constant viscosity of a viscous body for variable
pressure and temperature are much more easily found than the
1sometrics of conduction. In fact, it has been shown that a
burden of at least 200 atmospheres would have to be brought
to bear in order to wipe out the decreased viscosity due to the
rise of a single degree (Centigrade) of temperature. The
depth at which this ratio is reached, as King points out, for
a given surface gradient of temperature and depth, depends on
the initial excess of the temperature of the earth considered,
and on the age of the temperature distribution resulting. But no
matter whether the Kelvin earth with an initial excess of 3900
and an age of 100 x 10" years, or whether King's solid earth
with an initial temperature of fused platinum and 25 x 10°
years of life, be taken—in all cases the temperature effect pre-
dominates throughout those depths within which change of
temperature with depth is the marked feature of the temperature
distribution, In other words, if, for example, we consider the
Kelvin earth, the strata above 0035 of earth“radius will be strata
of smaller conduction than the surface strata, From the sur-
face downwards as far as 0'035 radius, conduction will decrease to
a minimum. Below this, conduction will increase again due to
preponderating pressure, finally to exceed the surface value, But
the computed temperature distribution of Kelvin's earth is such
that at ‘035 radius the initial temperature excess of 3900° has
been reached to within 1 or 2 per cent. Below this in depth,
Perry’s correction would begin to apply, but the further changes
of temperature are so nearly negligible that the consideration
of conduction is superfluious. From this point of view, there-
fore, the staggering force of Perry's clever argument is removed.
Of course, Tam fully aware that an argument from the supposed
parallelism: of physical properties of a given body (in the
present case heat conduction and viscosity) is not inevitably
convincing ; but in physical geology, for some time to come I
dare say, the question will be not one of rigorous proof, but
rather one of forming a rational opinion,

In passing I will indicate the importance of an increased
knowledge of the isometrics of liquid and solid matter, relations
which have thus far been found simpler in character than other
thermodynamic properties, as I shall again point out in the
course of the address,

I want, finally, to add a few words on the electro-chemistry
of magmas. The physical chemistry of molten rock has
already been somewhat extensively considered, but I am hardly
competent to review it. In the United States, Joseph Iddings
and, more recently, George F. Becker have discussed the
natural differentiation of magmas from different points of
view. Here I will merely include certain pyrometric experi-
ments on the electric conduction of fused glasses which seem
to give promise of throwing light on the chemical constitution
of complex silicates and to be suggestive in other ways. In
such measurements, if the magma is made to pass from the solid
to the liquid state, the observed electric conduction contains
no evidence either of a melting point or of polymerism, The
law of thermal variation is easily derived and it agrees closely
with the corresponding behaviour of a zinc sulphate solution, for
instance, observed through a range of temperature. In a
general way, electric resistance decreases in geometric progres-
sion when temperature increases in arithmetical progression.
Considered relatively to the composition of the magmas, electric
conduction shows a marked and regular increase with the
degree of acidity of the magmas. The less fusible acid magmas
are better conductors than the basic magmas at the same tem-
perature. Curiously enough, conduction thus runs in an oppo-
site direction to fusibility, However viscous a magma may be,
therefore, and however cogent the arguments such as those
launched by Becker against the differentiating importance of
ordinary diffusion may prove, it is fair to conclude that &
thorough change of chemical structure through fonic diffusion,
whether directed by an electric field or otherwise, must be an
easy possibility for a sufficiently hot, but otherwise solid, magma.
The results point specifically to the desirability of repeating
Hittorf’s brilliant experiments on the migration of the ions for &
siliceous medium. This ought not to be difficult, seeing that
such a menstruum need not even be liquid to be compatible
with a high order of electric conduction.

Further consideration of the subject shows the probable pas*
sage of conduction through a maximum when acidity is con:
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tinually increased. Finally, quartz appears like an insulator in the
same 7d/e as water in ordinary aqueous solutions, In all these
cases I wish to keep in mind the results of Alexeéff and their
recent repetition for metallic alloys, together with the interpre-
tation of these results due to Masson. In a crust subject to
variable magnetism, traversed by earth currents, sustained by
semi-metallic carbides of the Mendeleéff-Moisson type, contain-
ing piezo-electric and thermo-electric sources, who can say that
electric fields are absent ?  Again, the character of the changes
contemplated in Gibbs's famous ** phase rule,” as interpreted by
Le Chatelier, would here be ionic rather than molecular,

A question of somewhat allied interest is the action of hot
water under pressure on rock-forming silicates. Investigations
of this kind have been described in the well-known and fascina-
ting book of Daubrée. Daubrée’s work, however, is qualitative
in character, like that of many others in the same line, and the
furtherance of the subject is to be looked for in the quantitative
direction. Some time ago, Becker suggested experiments on
a huge mass of granulated rock under the action of steam at
exceptionally constant temperature. But no thermal effect
of the action of water could be detected. True, the boiling
point of water is a temperature relatively low for the purpose ;
yet similar "experiments made with liquid water at over 200°
under pressure were equally negative as to results, Experi-
ments of this kind are not very conclusive. The insufficient
sensitiveness of the measuring apparatus, the rate at which
heat is carried off compared with the rate of generation, and
other obscure causes mar the results. The question may, how-
ever, be approached in a somewhat different way: if water
is heated under pressure in glass tubes, the volume of water
contained decreases as the square, whereas the chemically
active area, 7.e. the inside surface of the tube, decreases as
the first power of the diameter. Hence, in proportion as the
tube is more capillary, the action of water on the glass will
produce accentuated volume effects. Thus it was shown that
the behaviour of hot water is profoundly modified by its con-
tinued action on glass, inasmuch as its compressibility increases
at a very rapid rate with the time of action even at 180°, until,
with the approach of solidification, the observed compressibility
is fully three times its isothermal value at the inception of the
experiment. Evenmore striking is the simultaneousand continual
decrease of the length of the column of water.  Clearly, therefore,
the confined volumes of glass and included water must undergo
contraction at 180° in forming an eventually solid aqueous
silicate, while increasing compressibility is due to the increasing
quantity of silicate dissolved. Now, in nearly all cases the effect
of solution is a decrease of compressibility. Hence the increased
compressibility observed is to be referred to a precipitation of
the dissolved silicate, in response to the action of pressure, a
result borne out by the appearance of the tube and by varied
correlative experiments. It is, however, the volume contraction
which is particularly interesting, because of its far-reaching
geological application. In the first place, the measurements
show that about *025 cubic em. of liquid water is absorbed per
square centimetre of glass surface at 180° C, Fcr hour.! The
effect of this absorption is a contraction of bulk amounting to
18 per cent. per hour. So large and rapid a contraction
is presumably accompanied by the evolution of heat. Hence,
under conditions given within the first five miles of the earth’s
crust, 7. if water'at a temperature above 200° and under
sufficient pressure to keep it liquid be so circumstanced that the
heat produced cannot easily escape, the arrangement in question
is virtually a furnace whose efficiency accelerates with rise of
temperature or increase of terrestrial depth.

PIEZOMETRY.

It is not feasible to make much progress in pyrometry with-
out feeling the need of a corresponding development in high
pressure measurement.  This has already appeared in the pre-
ceding parts of m{ address. It will not be expedient to look
into lhc history of the subject so comprehensively as I did in
the case of pyrometry, partly because the literature is more
diffuse, and partly because the real development of piezometry
1s of recent fa‘:e and virtually begins with pressures of the order
of several thousand atmospheres. So understood, although we
gladly pay homage to Oersted, to Regnault, to Grassi and many
others, our historical summary may be abridged.

As is often the case in physics, the great advances in the

1 This is an initial rate of about 180 kilograms per s juare metre per year.
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subject are associated with the name of fone man ;.for though
many able investigators have contributed effectively to the
progress of piezometry, the overshadowing importance of the
results of Amagat have superseded all researches coextensive
with his own.  For over twenty years Amagat has been labour-
ing on this definitely circumscribed subject. VYear after year
his prolific experimental ingenuity has put forth results, each of
which in its turn constituted the glighcsl attainment in accuracy
and the greatest breadth of scope which high-pressure measure-
ment had reached at the time. It is impossible to give any
adequate view of this sustained labour in an address. The
subject is highly specialised and demands special treatment ;
but we owe to Amagat the bulk of our knowledge of the
properties of a gas regarded not as an ideal fluid, but as a
physical body ; some of the most far-reaching results in the
thermodynamics of liquids and some of the best data in the
elastics of solids.

Amagat investigated é:uses within an interval of pressure
which at times reached 4000 atmospheres, with a view to
interpreting their divergence from the laws of ideal gaseity.
Indeed we may note in passing that, just as the advanced
astronomy of the day is being enriched with unexpected dis-
coveries from a discussion oF mere.errors of observation, so
refined physical measurement gleans new harvests in carefully
tracing out the all but rigorous sufficiency of established laws.
The product of pressure and volume, nearly constant in the
ordinary isothermal behaviour of gas, shows, under higher
pressures, a well-marked passage through a minimum in the
case of all gases except hydrogen. Hence below a certain
definite pressure, varying with the character of the body (say
40 atm. ), gases are more compressible than Boyle's law asserts,
and above this pressure they are continually less compressible
and begin to resemble hydrogen in this respect. The sharp-
ness of the minimum diminishes as temperature increases and
probabl{ ultimately vanishes. Cailletet, it is true, had
undertaken a study of the same subject simultaneously, but
his results were not in the same degree correct. Again, the
coefficient of expansion of gases consjdered in its isopiestic
behaviour for temperatures not too far above the critical point,
increases with pressure to & maximum, which seems to occur at
the same pressure for which the volume-pressure product is a
minimum. This thermal maximum also decreases with tem-

rature and finally vanishes. To specily the conditions
urther than this would be to exceed the limits beyond which.
verbal statement ceases to be lucid. The value of Amagat's
work, however, is not merely the formulation of such general
laws for gases as a whole, but rather the investigation of sharp .
and specific results for each gas individually, Thus if one uses
these data for a given gas to compute the constants in Van der
Waal’s law, one is actually able to predict remote critical
conditions of the gas in question with a fair degree of accuracy.

Whenever pressure measurements are to be made through
such large intervals as are here in question, the elastic
constants of the apparatus become of increasing moment,
Amagat, however, treated these incidental measurements as
of like importance with the rest of his labours. The starting
point of his investigation into high pressures was the open
mercury manometer first erected along a staircase near Lyons,
finally in the shaft of the St. Etienne Mine, about 380 metres
deep. This apparatus was used for graduating the closed
manometer, prclemblg containing nitrogen. In later experi-
ments for excessively high pressures, the closed manometer was
replaced by the ‘‘manométre & pistons libres,” a sort of
inverted Bramah press, in which the small pressures of an open.
mercury manometer acting on a large piston compensate the
relatively large pressures of the piezometer acting on a small.
piston. The ingenious feature o? Amagat's apparatus is the
rotation of both pistons just before measurement, a device by
which friction is rendered harmless. Equipped with this instru-
ment, direct determination of the bulk modulus for glass and
metals was actually feasible. In the case of glass no serious
variation of the compressibility could be ascertained within 2000
atmospheres and even 200° an observation of great value in
practical research, Poisson’s ratio was similarly determined, and
the data used in computing Young’s modulus. But the most
imporlnnt result of these researches, a result to which Prof,
Tait also contributed, is the datum found for the absolute com-
pressibility of mercury. This will enable all future observers in
piezometry to standardise their apparatus with ease and nicety.

Time prevents me from dwelling upon the remaining investi-
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%gtions of Amagat in a measure commensurate with their value.
hese contain a counterpart for the liquid state of the results
already announced for gases. The change of volume throughout
enormous pressures and about 200° of temperature is considered
in detail for a number of important liquids. Only in one case,
and that the rather remarkable one of carbon tetrachloride, are
evidences of solidification encountered, and the conditions
determined. Amagat believes the absence of solidification to
be due to the occurrence of the lower critical temperature below
the isothermal of compression. In my own judgment, however,
the pressures necessary to reach this lower critical point will be
enormous even in units of 1000 atmospheres, for which reason
it is not in any case liable to be an easy conquest.

Special mention, finally, is due to the thermal position of the
maximum density of water, which Tait had already studied.
Amagat shows definitely that the temperature of maximum

density moves towards the freezing point with increasing pres- |

sure, so that at high pressures, as well as at high temperatures,
the behaviour of water loses its anomalous character. In
Fencral, compressibility and expansion decrease with pressure
or all normal liquids, and expansion increases rapidly with
temperature, Other anomalous properties of water have been
investigated, among which the diminished viscosity of water
under pressure at ordinary temperature, studied by Rontgen,
Cohen and others, may be stated.

After this cursory and wholly inadequate mention of the work
of Amagat and the physicists who, like Tait, Cailletet and
others, have been engaged in closely allied researches, it will
repay us to look at some of the other as yet less splendidly de-
veloped contributions to piezometry. At the outset it is well to
make mention of the forms of pressure gauges which have come
into use. As far as 1000 atmospheres, the Bourdon gauge, if
well constructed, does good service, though in a somewhat
rough way. The corrected nitrogen closed manometer is more
accurate for a smaller range. A theoretically simpler pressure
gauge was proposed by Tait and Cailletet. In this case a
straight cylindrical elastic tube under internal or external pres-
sure is substituted for the Bourdon tube, and the expansion or
compression is directly measured. With due precautions against
changes of temperature and the choice of a solid of constant
bulk modulus and rigidity, this gauge can be used as far as about
2000 atmospheres with convenience.

Above 2000 atmospheres, Amagat's Bramah press manometer,
already mentioned,is the only trustworthy gauge, and though some-
what cumbersome has the advantage of giving absolute results,
However, a gauge based on the change of electric resistance of
mercury with pressure, a constant now fairly well known from
Palmer’s measurements, will in my judgment do good service
for pressures which exceed even the range of the manometer.
With regard to methods for producing high pressures, the force
pump, with a small steel plunger and the screw advancing bodily
mto a closed barrel filled with a liquid, have not yet been
superseded. The efficiency of such apparatus depends essen-
tially on the means used for obviating leakage, These must, of
course, be very perfect,

Amagat’s work with liquids was extended chiefly in the
direction of high pressures. Experiments have since been made
by others throughout higher temperatures (310°), and of course
a smaller range of pressures (500 atm,). Leaving out the less
perspicuous results, I will here merely allude to the probable
existence of a remarkable law which these researches have de-
veloped. Dupré (1869) and afterwards Lévy (1878), reasoning
from thermodynamic premises, were the first to suspect that the
isometrics or lines of equal volume of liquids are straight. In
other words, if thereis to be no change of volume, then pres-
sure increments must vary proportionately to the tem-
perature increments (p = a0 - &), a result which implies
that the internal pressure of a body kept at constant volume
is proportional to its temperature. Lévy’s deduction
was, however, declared to be theoretically unwarrantable by
Clausius, Boltzmann and others. Some time after, the same
law reappeared in experimental form in a series of brilliant re-
searches on critical temperatures due to Ramsay and Young.
Fitzgerald, reasoning from Ramsay and Young’s results, then
proved that for such liquids as possessed straight isometrics,
specific heat is a temperature function only, and energy and
entropy are each expressible as the sum of a mere temperature
function and a mere volume function. This is curiously like
the position from which Dupré and Lévy started. Ramsay and
Young’s work, however, applied specifically to vapours, and for
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high temperatures (200°) their pressures did not exceed 60
atmospheres. The law has since beenttested for liquids as far as
1500 atmospheres and over 200° conjointly, and found in reason-
able accordance with experiment. Hence we infer that if the
thermodynamic change of a body is such that volume remains
constant, pressure and temperature will vary linearly with each
other, the increments being about 0°1° C. per atmosphere, Now,
although any law relating to the liquid state would be welcome,
these volume isometrics are particularly so. In the geology
of the earth’s crust, for instance, they would in a great measure
determine the conditions of possible convection ; and it is curious
to note that from the known values of bulk modulus and of the
expansion of solid glass, the isometrics would here again be
given by corresponding increments of about 0°1° per atmosphere.
For solid metals the isometrics are of a different order.

Another line of research for liquids to which I attach supreme
importance has only just been begun : I refer to the systematic
study of the entropy of liquids.  Among the first results on the
heat produced in suddenly compressing a liquid are those of
Tait. They are of too limited a range, however, and not in
good accord with the more recentand extended data of Galopin.
Generally speaking, the change of temperature produced per
atmosphere of compression increases with temperature in a
marked degree, as one may infer from Kelvin's equation, For
organic bodies this increment at ordinary temperatures is of
the order of % = 020" per atmosphere. In case of liquid
metals the order of values is decidedly different, being about
5 this value, recalling correspondingly divergent results
observed for the isometrics of volume.  Quite recently (1896)
the same subject has been taken up by Tammann (to whom
we also owe results for the correlative compressibilty),
particularly for solutions and with reference to the theory of
solutions,  Tammann's data are of the order 0'001" per atmo-
sphere at 0°, and in better keeping with the thermodynamics
of the subject than the earlier experiments, Much more, how-
ever, must be done before anything like a degree of critical
accuracy is approached or a broad survey taken. Pressure
intervals are to be chosen wider, and the temperature measure-
ment given with greater certainty.

Finally, I wish to touch upon the relations of melting-point
and pressure in their more recent development. Obviously
the classical work of Andrews on the continuous passage of a
liquid into the gaseous state will find some counterpart in the
manner in which the analogous passage from the solid into the
liquid state takes place. The character of these phenomena
may be shown from direct observations of melting-point and

ressure, as was done by the earlier observers, IFull know-
edge, however, can be obtained only by mapping out the
isothermals throughout the region of fusion very similarly
to the method pursued by Andrews himself for vaporisa-
tion. This has thus far been attempted for a single body
only, naphthalene, within 130° and 2000 atmospheres.  Six iso-
therms (63°, 83", 90", 100°, 117°, 130°) were traced within these
intervals, along each of which, excepting the first, the body
passed from the liquid to the solid state under the influence of
pressure only.  An exhibit of these data shows strikingly that
in all cases the change of physical state takes place in accord-
ance with a cyclic law ; 7. a larger pressure is necessary 1o
change the body from the liquid to the solid state at a given
temperature, than the pressure at which the body at the same
temperature again spontaneously melts, Freezing almost always
seems to take place at once ; the corresponding fusion is apt to
be prolonged, and in its gradual occurrence traces the contours
of James Thomson’s well-known doubly-inflectel isothermals
much more fully than does the allied case of vaporisation,

The appearance of the cyclic parts of these isothermals is
suggestive, and may be described in terms of their dimensions
in the direction of volume and of pressure respectively.
The former dimensions indicate the probable fate of the
volume increment. They show that as pressure and tempera-
ture increase, the volume increment tends more and more
fully to vanish, and they thus imply a lower critical tem-
perature at which the solid would change into the liquid
continuously as far as volume is concerned. It does not fol-
low that other ptoperties of the body would here also vary con-
tinuously. For naphthalene this point would lie in a region of
several thousand atmospheres, and several hundred degrees
Centigrade—therefore in a region too remote to admit of actual
approach.

Again, the breadth of the cycles, measured along the pressure
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axis, decreases from the centre of the field both in the direction
of increasing and decreasing pressures. The tenour of these re-
sults is an additional indication of the recurrence of a lower
critical temperature at which cycles must necessarily vanish.
The decrease of the breadth of the cycles in the direction of de-
creasing pressures suggests the possible occurrence of a point in
the region of negative external pressure, so circumstanced that
beyond it the substance would solidify at a lower pressure than
that at which it fuses. This may be interpreted as follows :
the normal type of fusion changes continuously into the ice-
type of fusion through a transitional type characterised by the
absence of volume lag.

An independent discussion, more searching in character, has
quite recently been given by Tammann, Tammann points out
that for the normal case of fusion and for increasing pressure,
the two determinative factors of the Clapeyron equation—the
volumes and latent heat of fusion—will not in general simul-
taneously become and remain zero. He argues that the volume
constant will at the outset decrease with pressure passing through
zero to negative values, Hence the curve representing the rela-
tion of melting-point to pressure must initially rise to a maximum
when the melting-point pressure ratio is zero, and then decrease.
Contemporaneously the latent heat of fusion, decreasing con-
tinually with pressure, eventually also reaches zero, but at a
much later stage than the volume constant. At this stage,
therefore, since melting-point and the volume constant now have
definite values (the latter negative), the melting-point and pres-
sure ratio is negatively infinite. Hence the curve expressing
the relation of melting-point to pressure decreases with increasing
pressure from the maximum specified as far as the pressure at
which latent heat is zero, and there drops vertically downwards.
Thus Tammann’s melting-point pressure curve, with its initial
and final ordinate in the direction of temperature, maps out a
field of pressure and temperature, within which the body
is solid. Outside of this region the body is liquid, and
cannot by pressure alone be conceivably converted into
the solid state. Any thermodynamic change involving a
march through the boundary of this region is accom-
panied by the discontinuity of fusion, of viscosity, &c. A
march through the final ordinate (for which latent heat is zero)
is probably not accompanied by such discontinuity. For a
given temperature there may be two fusion pressures. Ata
temperature sufficiently below the melting-point, the continued
increase of pressure should therefore move the normally fusing
body from the solid into the liquid state continuously.  This is
a somewhat anomalous result of close reasoning ; butit must not
be forgotten that in the depth of our ignorance of the actual
occurrences above several thousand atmospheres, the term
anomaly is a misnomer, Indeed, if we regard the melting-
pressure curve beyond the stated maximum as characterising
the ice-type of fusion (which Tammann does not do), our diffi-
culties would in a measure be reconciled.

Tammann finally points out that the term lower critical
temperature is not justified by the character of the phe-
nomenon. Data for melting-point and pressure, due to
Damien, seem directly to corroborate the occurrence of
zero values in the ratio of melting-point and pressure in-
crements, but Damien’s tests are restricted to a pressure in-
terval much too small to be trustworthy. Of the two bodies
which have been tested throughout long-pressure intervals,
naphthalene shows a linear melting-point and pressure ratio for
2000 atmospheres, while the carbon tetrachloride of Amagat,
though initially concave upwards, soon also becomes linear.
Clarence King has therefore, in geological considerations, so re-
presented it.  To conform with Tammann’s inferences the
Interior of the earth would have to be a fluid.

One point of issue, however, in these cases is clear: at
Andrews' critical temperature both the difference of specific
volumes and the latent heat of fusion vanish simultaneously
Wherever observed,  Under corresponding conditions of change
from liquid to solid, the internal pressures are of tremendously
greater value for both states, and the passage of the solid into
the liquid molecule may involve an immense transfer of energy
without any corresponding change of volume : for the density
of the molectle itself eludes observation. The manner of this
1sothermal change from one state to the next isin all cases along
the characteristic doubly inflected contour first pointed out by

omson for vapours, and since elaborated by Van der Waals,
Clausius and others. We may for brevity call thisa zolume lag,
and measure it in terms of the pressure or the volume interval
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subtended, The liquid can exist even above the critical tempera-
ture, which would mean that even here pressuremust be reduced
below the critical pressure in order to rupture the liquid molecule.

Pronounced as these phenomena are for the change from gas
to liquid, they become much more remarkable, indeed often
formidable, for the change from liquid to solid, In this case a
volume lag subtending more than 100 tatmospheres is the rule ;
in other words, it takes a much greater pressure to solidify a
liquid at a given temperature than to liquefy the solid. ~Among
all these cases there is a group of well-known bodies in which,
while the solidification pressure is of marked intensity, the iso-
thermal pressure of spontaneous fusion may even be below zero,
or be in the region of negative pressure, Take the single
example of thymol, among many: this body between zero
Centigrade and its melting point at 53° can be kept in either
the solid or the liquid state at pleasure. Given at about 50’
in the liquid state it would require more than 2000 atmospheres
to solidify it. If solid, it must obviously remain so even if
pressure be wholly removed. But thymol may be similarly
treated, beginning with the under-cooled liquid state at 28° 7.e.
25" below its melting point. Even here at least one thousand
atmospheres are needed to condense it (400 have been tried quite
ineffectually). Once solid, it would require about 1000 atmo-
spheres of negative external pressure again to melt it.  In other
words, it could not be melted again on the same isothermal.

If we but knew more about the physical constants involved in
these transformations, we could predict the results along the
lines of J. W. Gibbs's splendid theory of the equilibrium of
heterogeneous mixtures; but with the dearth of our concrete
knowledge of long range physical phenomena relating to liquids
and solids, we must be content with humbler methods.

I have always regarded the significant behaviour, instanced for
the case of thymol, as capable of a broad interpretation.  Profs,
J. J. Thomson and Fitzgerald in the British Isles, and Elihu
Thomson in America, have recently sought for atomic dissocia-
tion in the electrolysed vacuum of a Crookes’ tube. Speaking
to the same point, I would venture to assert that we may
reasonably look to the volume lag for a rational account
of the genesis of atoms. We have already met with
two orders of volume lag: the first at the mergence
of gas into liquid being usually a few atmospheres in iso-
thermal value ; the second at the mergence of liquids into solid, a
hundred or even one thousand times as large in isothermal value,
and characterised by the fact that, whereas freezing pressures
may be enormous, the corresponding isothermal melting pres-
sure may even be markedly negative.

If then we further inquire as to what will ha{:pen if we in-
definitely compress the solid along a suitable isothermal, I think
it is logically presumable that, with the succeeding and pro-
foundly accentuated volume lag, we shall reach the next atom
in a scale of increasing atomic weights,

However enormous the condensation pressure for this purpose
may be, it is supposable, in the light of the examples already
given that, along an accessible isothermal, the disintegrating
external pressure of the new atom may be permanently negative.
Hence the new atom will persist within the pressure and
temperature range available in the laboratory.

But the last stage is virtually identical with the first, or the
inherent nature of these changes is periodic, The inference is
therefore that, under suitable thermal conditions and continually
increasing pressure, the evolution of atoms, of molecules, of
changes of physical state, again of atoms and so on indefinitely,
are successive stages of periodically recurring volume lag.

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

THE Rev. A. M. Fairbairn, Principal of Mansfield College,
Oxford, will distribute the, prizes to the successful students of
St. Thomas's Hospital on Saturday, October 2, at 3 p.m., in
the Governors’ Hall.

ProF. ROBERT G. ArrkeN and Mr. W. H. Wright have
been appointed assistant astronomers at the Lick Observatory.

A NEW centre of the London County Council Technical
Education Classes will be opened next Monday evening,
October 4, at the Charterhouse and Rogers’ Memorial Institute,
Goswell Road, E.C. The committee of the school announce
that ‘workmen’s classes in workshop arithmetic, workshop
chemistry and physics, workshop drawing and mechanics will
be conducted.
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THE revised regulations relating to the subjects of examination
for degrees in science at the University of London were published
a few days ago. The regulations come into force at the begin-
ning of 1899, The subjects for matriculation are Latin,
English, mathematics, general elementary science (a new sub-
ject), and any one of the following languages or sciences :—
Greek ;3 French ; German; Sanskrit ; Arabic; Elementary
Mechanics ; Elementary Chemistry ; Illementary Sound, Heat,
and Light ; Elementary Magnetism and Electricity ; Elementary
Botany. The general elementary science refers to the physical
and chemical properties of matter, and the subject will be
treated, wherever possible, from an experimental point of view,
numerical examples or problems being restricted to very simple
calculations. n i
candidates will only be required to take up three of the following
subjects, viz, : (1) Pure and mixed mathematics ; (2) experimental
physics ; (3) inorganic chemistry ; and(4) botany and zoology. It
will thus be possible for students of physical science to obtain a
pass or take honours without studying the biological subjects ;
and, on the other hand, biological students will not need to take
up mathematics, For the final B.Sc examination, eight subjects
are given, and candidates will be examined in any three of
them. The subjects are :—Pure mathematics, mixed mathe-
matics, experimental physics, chemistry, botany, zoology,
animal physiology, geology, and physical geography. All the
syllabuses have been revised, and their general tendency is
towards a fuller practical knowledge of the subjects than has
hitherto been expected from candidates.

PERHAPS the most critical period in the career of a man of
science is when he has completed his college course but has not

~established himself sufficiently to obtain a post of any value.
For the benefit of promising students thus situated, the munici-
pality of Lyons has, it is stated, decided to make some provision.
According to the announcement, the municipality proposes to
lend to young men on leaving the University the funds necessary
““for their first needs,” on their simple word of honour to repay
the sum advanced as soon as their pecuniary position allows
them to do so. The British Medical Journal, in referring to
this action, says :—A similar humane principle has indeed long
been acted upon by the Union des Anciens Etudiants de
I"Université Libre of Brussels, which not only provides bursaries
for deserving poor students, but in case of need procures employ-
ment for them after graduation, and in some cases a loan to
start them in a profession. But this is the work of a private
body, and the help that can be given is on a much smaller scale
than the Lyons municipality proposes to give. The German
Government, in certain cases, allows students to go through the
University curriculum without payment of fees on their under-
taking to discharge the liability when they are able to do so,
and the old University of Paris was sometimes equally accom-
modating, It is often, however, even more difficult to find a
market for academic and professional knowledge than to acquire
that knowledge, and it is to such cases that the Lyons munici-
pality proposes to lend the needed helping hand. The Fellow-
ships of the older universities of this country have a distinct use
for the same purpose, but they are for the few, and not always
for those who most need them, nor perhaps for those who would
make the best use of them. The Companies of the City of
London seem not infrequently to find it difficult to dispose of
their unearned increment in a really useful way, We venture to
commend to them the example of the City of Lyons. We also
congratulate the University of Lyons on its connection with
a Corporation so enlightened and so anxious to further its
interests,

SOCIETIES AND ACADEMIES.

Paris,

Academy of Sciences, September 20.—M. A, Chatin in the
chair,—On the hypocyeloid with three inflections, by M. Paul
Serret.—On pxycellulose, by M. Léo Vignon. This substance
is prepared from cellulose by the action of hydrochloric acid and
potassium chlorate, and its composition is expressed by the
formula CyqHye. 0y, Its absorptive power for dyes is greater
than that of cellulose. Oxycellulose behaves as an aldehyde
towards Schiff s reagent.—On retamine, bg MM. J. Battandier
and Th. Malosse. The combination of this base with hydro-
bromic, sulphuric, and hydriodic acids have been prepared,
the last-named being obtained in fine crystals, C,;Hy;N,0.2HI.,
—The influence of colouring matters upon the fermentation of
highly coloured red wines, by MM. P. Carles and G. Niviére.
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the intermediate examination in science, | (§cogrnphicnl Studies : C. L. Madsen (Williams and Norgate),—Interna-

l

|

The incomplete transformation of sugar into alcohol in highly
coloured wines is not due to the acidity, but to the antiseptic
action of the colouring matter itself.—On the function of Pseudo-
commis wvitis (Debray) in two diseases of the vine, by M. E.
Roze.

BOOKS,PAMPHLETS, and SERIALS RECEIVED.

Books.—Quantitative Chemical Analysis: Profs. Clowes and Coleman,
4th edition (Churchill).—City and Guilds of London Institute, Programme
of Technological Examinations, Session 1897-98 (Whittaker).—Traité Elé-
mentaire de Mécanique Chimique fondée sur la Thermodynamique : Prof.
P. Duhem, Tome 2 (Paris, Hermann).—Glimpses info Plant Life : Mrs.
Brightwen (Unwin) —Organic Chemistry for the Laboratory : Prof. W. A,
Noyes (Easton, Pa., Chemical Publishing Company).—University College,
Bristol, Calendar for the Session 1897-98 (Bristol, Arrowsmith).—Thermo-

tional Congress on Technical Education. Report of the Proceedings of the
Fourteenth Meeting, held in London June 1897 (Trounce).—An Introduc-
tion to Geology : Prof, W, B. Scott (M:u:millan;.—ln Northern Spain : Dr.
H. Gadow (Black).—Epping Forest : E. N. Buxton, 4th edition (Stanford).
—Vorles-ungen {iber Bakterien : Dr, A, Fischer (Jena, Fi<cher).—~Among
British Birds: O, A J. Lee, Part 6 (Edinburgh, Douglas) —Diagrams
illustrating Principles of Mining : F. T. Howard and F. W. Small (Chap-
man),—Elementary Practical Physiography (Section 1): J. Thornton
(Longmans).—First Principles of Electricity and Magnetism : C. H. W.
Biggs (Biggs).—University Geological Survey of Kansas, Vol. 2 (Topeka).
— British Central Africa: Sir H. H. Johnston (Methuen).—Elementary
Geometrical Statics : W, J. Dobbs (Macmillan).—The Story of Germ Life :
H. W. Conn (Newnes).—The Mathematical Psychology of Gratry and
Boole: M. K. Boole (Sonnenschein).—Deductive Physics: F. J. Igngcn
(Ithaca, N.Y., Andrus).—Wild Neighbours : Outdoor Studies in the United
States: E. Ingersoll (Macmillan),—Lectures on Physiology. st Series. On
Animal Electricity : Dr. D. J. Waller (Longmans).—Les Choses Natur-
elles dans Homére : Dr. A, Kums (Anvers, Bus:hmann),—University Col-
lege of North Wales, Calendar, 1897-98 (Manchester. J. E. Cornish).
Pameniers.—Glacial Observations in the Umanak District, Greenland :
Prof. G. H. Barton (Boston).—Theory of the Motion of the Moon : Dr. E.
W. Brown (Royal Astronomical Society).—A Descriptive Catalogue of
Useful Fibre Plants of the World: C. R. Dodge (Washington).—South

| American Trade of Baltimore : Dr. F. R. Rutter (Baltimore).—Some New

Orchids from Sikkim : G. King and R. Pantling, Pp. 1 and 2 (Calcutta).—
Materials for a Flora of the Malayan Peninsula : Dr. G. King, Nos, 8and o
(Calcutta). — Flax-growing : Major Fraser (Cable Company).—Les Forces de
la Nature, &c.: T. L. Bienkowski (L&opol).—Kritik der Exakten For-
schung, F. Ego (Leiden, Brill).-—Reisen in den Mollukken, &c. : Prof, R.
Martin, 1%¢ Liefg. (Leiden, Brill).—Mineral Statistics of the United
Kingdom for the Year 1896 (Eyre and Spottiswoode).

SeriaLs —Psychological Review, September (Macmillan).—Journal of
the Franklin Institute, September (Philadelphia).—Archives of the Roent-
en Ray, July (Rebman).—~American Journal of Science, September (New

aven).— Botanische Jahrbucher, Vierundzwanzigster Band, 2 Heft (Leip-
zig) —Physical Review, May-July (Macmillan).—Himmel und Erde, Sept-
ember (Berlin).—An Account of the Crustacea of Norway : G. O. Sars,
Vol. 2, Parts 7 and 8 (Bergen).—L'Anthropologie, July and August (Paris).
—Botanische Jahrbiicher, Dreiundzwanzigster Band, v. Heft (Leipzig).—
Proceedings of the Physical Society of London, September (Taylor).—
Jconomic 4ournal. September (Macmillan).—Timehri, June (Stnn}ord).—-
Zoologist, September (West).—Beitrage zur Psychologie und Philosophie,
i. Band, 2 Heft (Leipzig).—Annalen der K.K. Universitits-Sternwarte in
Wien,  x,, xi. and xii. Band (Wien).—American Naturalist, September
(Philadelphia).—Longman's Magazine, October (Longmans),—Sunday
Magazine, October (Isbister).—Good Words, October (Isbister).—An-
nales de I'Observatoire Magnétique et Météorologique de I'Université Im-

b R:riale A Odessa, 1896 (Odessa).—Memoirs and Proceedings of the

anchester Literary and Philosophical Society, Vol. 41, Part 4 (Man-
chester). —East Asia, No. 2 (Longton, Hughes).
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