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THURSDAY, MAY 26, 1904.

STEPS TOWARDS A NEW PRINCIPIA.
Electricity and Matter. By Prof. J. J. Thomson. Pp.
162; with diagrams. (Westminster : Archibald

Constable and Co., Ltd., 1904.)

T is an interesting fact that the British Association
is going so soon to meet, under distinguished
presidency, at Cambridge, for there of late years has
the most splendid work in pure physical science been
done, and there it seems to me an erection comparable
in some respects to the Principia is being raised. One
of the foundation stones was laid in 1881 by J. J.
Thomson in a mathematical paper on the motion of a
charged sphere, a paper in which the idea of real
electric inertia took tangible and tractable form.
The building has been growing ever since, and is
now in full process of construction, though I hope it
will be long before its development shall cease or the
work be regarded as finished and ready to be left to
the admiration of future generations.

The little book which constitutes the subject-matter
of this review embodies a set of six lectures delivered
on the other side of the Atlantic, at the invitation-of
Yale University, last spring, by the Cavendish pro-
fessor of physics at Cambridge, England.

They are not exactly popular, for although no
mathematics is introduced beyond what ought to be
(but usually is not) familiar to all who have been in
the sixth form at a public school, yet the ideas are
definite and quantitative, and are briefly expressed
because they are addressed to persons with some know-
ledge of physics ; moreover, they are such as can hardly
be made so childishly simple as to be apprehended of
the general average of so-called educated men in this
country, whose sense-perceptions in the direction of
great and comprehensive ideas have not been de-
veloped.

To students of physics and higher chemistry this
book serves as a very readable digest and summary
of what is to be found worked out in more detail in
other writings by the same author; and those who
have studied his most recent papers can hardly avoid
reading back into this little volume, which can be
skimmed at a sitting, much that has really been
elaborated since, and some things which still await
elaboration, on lines which are merely suggested here.

It is difficult to exaggerate the suggestiveness of
the wealth of theory which is now being lavished upon
us in the domain of atomic structure and the mathe-
matics of chemistry; it appears likely to lead to a
definite microcosmic astronomy, based upon the known
properties of electric lines of force, akin to the weld-
ing together of the observed facts of the heavens by
a single comprehensive law, and forming the basis of
a real chemical ‘“ Principia.”

The discovery on which everything depends is the
recognition of the atom of electricity, a discovery to
which no one man can lay claim, and superposed upon
this a detection of the extraordinary properties belong-
ing to an electric line of force, at rest, in motion, and
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under acceleration, which is again a development to
which several have contributed. But it is safe to say
that a great bulk of the treatment of the subject, both
on its experimental and mathematical side, emanates,
with a few important exceptions, in some form or
other from Cambridge, and it is difficult to over-
estimate the force and suggestiveness with which ideas
connected with the most recent and still nascent steps
in theory are presented in this small book.

The book is in six chapters, corresponding apparently
with six lectures.

Chapter iv., on the atomic structure of electricity,
gives the customary account of the evidence for elec-
tric atoms, and for considering the charge on a
corpuscle to be identical with the ionic charge of a
hydrogen atom; the experiments by which these con-
clusions were reached in the Cavendish Laboratory
being summarised and explained on the usual lines.
First, it was shown that the conductivity of a gas de-
pended on something that could be filtered out of it;
next, the aggregate charge of the ions in a given
volume of gas was determined by the method of the
saturation current; then these ions were counted by the
highly ingenious ‘‘cloud’’ method, and thus the
charge on each determined. The value, it may be
noted in passing, is rather higher than what used to
be roughly estimated for this fundamental electric
unit. Whereas it used to be guessed as about 10-'!
electrostatic units, measurement seems to show that
it is more nearly 3.4x10-'%; and, in order to make
this quantity equal to the charge on a monad ion in
electrolysis, the number of molecules in a cubic centi-
metre of gas, at standard temperature and pressure,
must be rather fewer than used to be estimated as
probable, and also rather definite, being about 3.6 x 10'?,
which means 8 x 10** atoms of hydrogen per gram.

A new confirmatory method applied by Dr. H. A.
Wilson is described, in which the settling of a cloud
under gravity is opposed by a measured electric field;
and on this plan the same result is obtained.  Also
Prof. Townsend and Dr. H. A. Wilson, by applying
electrolytic considerations and experiments to ionised
air, were able to show directly that the ionic charges
in all cases are really identical, and are the same as
that familiar in electrolysis.

A rapid summary of the now well known methods
by which the mass of the carriers for negative and
for positive electricity respectively has been determined
is also given, and it is pointed out how striking is
the resemblance of the result to Franklin’s one-fluid
theory of electricity :—

*“ The * electric fluid * of Franklin corresponds to an
assemblage of corpuscles, negative electrification
being a collection of these corpuscles. The trans-
ference of electrification from one place to another is
effected by the motion of corpuscles from the place
where there is a gain of positive electrification to the
place where there is.a gain of negative. A positively
electrified body is one that has lost some of its
corpuscles. e have seen that the mass and charge
of the corpuscles have been determined directly by
experiment. We in fact know more about the * electric
fluid ’ than we know about such fluids as air or water.”

E
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The next chapter (v.), on the constitution of the
atom, begins still on familiar ground, and exhibits
the evidence for the great intrinsic energy of electrically
constituted atoms, and estimates the rate of radiation
of energy from corpuscles variously distributed inside
an atom, showing that the radiation from a single
corpuscle is far greater than that to be expected from
two or more, especially when their speeds are not
excessive. [It may be observed that a pair of revolving
electrons, at opposite ends of a diameter, will be
equivalent to two equal opposite currents, and hence
will tend to neutralise each other’s influence at a dis-
tance, especially along the axis of revolution; unless
indeed they are moving with the speed of light, in
which case they could start the crest and trough of an
advancing elliptically-polarised wave.] Hence a cer-
tain number of corpuscles are essential to the stability
of an atom, a few would soon radiate their energy
away; and this fact, on the doctrine of the evolution
of matter, suggests a reason for the non-existence
of permanent elements of lower atomic weight than
hydrogen.

But a great deal more than that is made out towards
the end of the chapter, where the electric constitution
of the atom is applied to chemistry, and a beginning of
the explanation of ““ the periodic law '’ is made in this
chapter which is further developed by the author in
a great paper in the March number of the Philosophical
Magazine for the present year. Also the homologous
series of lines in the spectrum, investigated by Ryd-
berg, Runge and Paschen, and Kayser, is shown to
be a fairly natural, or at least plausible, consequence
of the groupings of various numbers of corpuscles or
electrons inside an atom; though it must be admitted
that unless attention is paid to the modern view that
concussions and not regular motions are the real
cause of perceptible visible radiation and line spectra,
the theory remains obviously very incomplete. The
mode in which the corpuscles would statically dis-
tribute themselves, if they were limited to a plane,
under the combined action of a mutual inverse
square repelling force and a direct-distance central
attracting force, is treated much as Lord Kelvin had
already treated it in his remarkable paper called
“ Epinus atomized * (reprinted as an appendix in his
Baltimore Lectures), and is illustrated by Alfred
Mayer’s experiments on floating magnets; and the
deductions, although plainly only the nucleus of an
investigation, are already very suggestive and pro-
mising. In the March Philosophical Magazine the
investigation into the stability of moving electrons is
carried much further, and a distinct step is made in
mathematical chemistry.

One very simple and important remark is made near
the end of chapter v. concerning the ‘‘ bonds ** of the
chemist, which, being 1 suppose universally recog-
nised as Faraday lines of electric force, must differ
from ordinary stretched elastics in having opposite
properties at the two ends. The bonds, in fact, must
have ** sense »’ as well as direction, they are not simple
links; and hence when carbon atoms are linked
together those atoms cannot really have identical
properties, unless indeed they are linked to each other
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by an even number of bonds. Incidentally it becomes
clear—at any rate in the March Phil Mag. it becomes
clear to me—why carbon or tetrad atoms can link
themselves into complex molecules : the foundation of
organic chemistry.

A suggestion is also made concerning certain
‘“ additive "’ properties, such as the refractive power
of different substances for light, which students of
physical chemistry will do well to take up and press
further.

The obvious question as to how an electrically con-
stituted atom can acquire an additional charge, so as
to become an ion, either positive or negative, and
either monad, dyad, or triad, is discussed, and a guess
is made as to the nature of molecular combination.
It is also attempted to explain why a liquid, say liquid
mercury, is so immensely better a conductor than
mercury vapour, and why some gases may be con-
ductors and others not. The violent motion of
corpuscles going on inside an atom is styled by J. J.
Thomson the ** corpuscular temperature » of the atom,
which may or may not be a convenient term; the
ordinary temperature of the gas, called ‘“ molecular
temperature,’ is generally very much smaller, and has
no apparent relation with the corpuscular temperature.
By the interaction of these two temperatures on one
another, an attempt is made to account for certain
chemical facts of combination. The whole of the
chapter is so concentrated and full of suggestion that
it is impossible effectively to abstract it further., What
I wish to indicate to students is the desirability of
studying the original.

Prof. Poynting has on this point made a remark to
me which he permits me to incorporate, viz., that at
high molecular temperatures there must be some dis-
tinct correspondence between molecular and corpus-
cular temperatures. For in the sun corpuscles are set
free by collisions [as they may also be set free by the
clash of chemical combination at more ordinary tem-
peratures, a bright line spectrum resulting in both
cases from the perturbation of those corpuscles which,
although shocked, escape separation]. There would
appear to be some high temperature at which the
atoms go to pieces—a limiting molecular temperature
beyond which they cannot exist (an atomic dissoci-
ation temperature), not much higher probably than
the solar temperature. "It is worthy of remark that
no star is much hotter than the sun: possibly none so
high as ten thousand degrees centigrade. If not, why
not? unless it be because there is a natural limit at
which matter goes to pieces.

The final chapter, on radio-activity and radio-active
substances, emphasises the way in which atomic
collapse, or re-distribution of corpuscles—a sort of
atomic earthquake—may occasionally occur, after the
radiation of a certain amount of energy has gone on
for some time, by spontaneous re-arrangement of the
constituents into a more stable form. For since orbital
motion plainly tends to increase stability, enabling a
greater number of corpuscles to resist central attrac-
tion than could hold out if they were stationary, it
follows that, as the corpuscles slow down, they may
ar certain critical stages find it necessary to fall into
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an allotropic modification of the element, or else to
expel some and re-arrange the remainder ; the analogy
being a spinning top which tumbles over when its
velocity falls below a certain critical value. [Some
varieties of ‘“‘new star’ may conceivably furnish
another and different kind of analogy.]

A new suggestion also is made with respect to
Rontgen rays, viz. that they may sometimes precipitate
atomic disintegration and thus cause a substance to
emit more energy than they themselves contain, It
is also pointed out in a previous chapter how a shell
of Rontgen radiation will not disturb particles over
which it passes if it is below a certain thickness,
but if thicker than that will communicate momentum
to them ; and in that way a kind of modified Le Sage's
gravitation hypothesis is suggested, not, however, in
a convincing manner, but rather as one of the possi-
bilities that have to be discussed, and after further
consideration probably abandoned. At the same time,
the hypothesis concerning radium favoured by Lord
Kelvin, viz. the reception of energy from a store of
cosmic waves and the consequent production of radio-
activity, is shown to be in many respects feasible,
though taken all round unlikely and rather artificial.

But the most remarkable and novel portion of the
book is the use made of Faraday’s lines of force, and
the great development and importance attached to
them, in the first three chapters. Strangely enough,
these lines are for the first time regarded as realities;
no longer as a mere map of a state of things which is
essentially continuous, but as an actual fibrous struc-
ture attributable to an electric field, and therefore
also to a magnetic field, and therefore also to
radiation. The lines of force are not only like
elastic threads which repel each other, but really
are such threads, though with varying thickness
and with their tension everywhere proportional to
their cross-section; and it seems possible to think
of them as vortex filaments, thus reproducing in
many respects FitzGerald's conception of a fibrous
vortex ether consisting of filamental or cobweb vortices
interlaced in every direction (see preface to ‘“"Modern
Views of Electricity,”” 188g), only these do not be-
come lines of force unless they are cut and terminated ;
the newer view regards the place where their intense
ends terminate as a negatively charged corpuscle or
electron, their wider opposite ends appearing to corre-
spond with positive electricity, the nature of which,
however, still remains a close secret. This seems
to be J. J. Thomson’s view—though it is not
clear that he regards the vorticity as anything
more than an analogy-—his view is that the lines
of force or vortex fibres actually exist, radiating
from corpuscles, constituting electric lines of force,
generating magnetic fields when they move, and
conferring mass on the particle by reason of the
amount of ether entangled inextricably in each
filament; and he shows further how, when the fibres
are accelerated, especially when they are suddenly
started or stopped, a much more intense local magnetic
field for a moment makes its appearance and rapidly
spreads out as a wave of radiation, by reaction with
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the superposed electric field, just as Larmor and others
have calculated, and of course in accordance with
Poynting’s theorem.

The whole treatment here, with simple geometrical
conceptions, is exceptionally interesting; and the
resulting view of the nature of light—that it con-
sists, as it were, of pulses running along the fibres
as along stretched strings, with constant speed be-
cause their tension is proportional to their mass per
unit length—is especially noteworthy, and is quite in
accordance with a guess which the genius of Faraday
enabled him to throw out in his famous ‘‘ Thoughts
on Ray Vibrations,” where he says :—

“The view which I am so bold as to put forward
considers therefore radiations as a high species of
vibration in the lines of force which are known to
connect particles and also masses together.”

It is clear that if this vibrating string method of
regarding waves of light be substantiated, a wave
front cannot be a continuous surface, but must be, as.
it were, a series of isolated specks of disturbance; so
also must a Rontgen pulse, and hence J. J. Thomson
is able to reconcile with theory the actually experienced
small ionising power of such waves, as compared with
what might be expected if they really and necessarily
encountered every atom in the field. They would, on
the fibrous view, be in some respects more akin to a
stream of kathode rays penetrating between the actual
corpuscular particles of matter, and only encountering
them occasionally, just as a comet or meteoric stone
only occasionally encounters a planet.

One of the interesting features of the book—though
it is also contained in another volume by the same
author, ** The Conduction of Electricity by Gases "'—
is the summary of a re-calculation of the results of
Kaufmann’s excellent experiments on the magnetic
deflection of flying particles moving with very high
velocity, such as can be shot off from radium. It is
well known that Kaufmann proved that the mass of
such charged bodies increases measurably as the speed
approaches that of light; and by comparison of his
results with theory he deduced, by aid of a fairly
plausible assumption, that the electrical portion of the
mass was about a quarter of the whole.

His assumption, however, had been that the charged
particles behave like conducting spheres, so that the
lines of force would at high speeds re-distribute them-
selves on their surface in accordance with the calcu-
lations of G. F. C. Searle for metal spheres.

J. J. Thomson, however, prefers to regard electron
or corpuscular particles as behaving like perfect
points, only points the field of which is non-existent
within a certain small sphere surrounding each,
which therefore constitutes the charged surface. On
this view, the distribution of the lines on the
bounding surface of the flying particle would obey
a different law from that of a conducting sphere
at high speed, and the result of a re-calculation is
to make electrical mass equal to the whole mass, to
a remarkable degree of approximation. Thus, for
instance, when the speed is 2.85 x 10'° centimetres per
second, the observed mass is measured as 3.09 times
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the mass of the same particle for slow speed; calcula-
tion makes it 3.1 times. When the speed is 2.59 % 10'?,
the observed mass ratio is 2.04; calculation makes it
2.0. When the speed is 2.36 x 10'?, observation gives
the ratio 1.65, calculation 1.5, which is not quite so
good an agreement; but even this is nearer than any-
one could have anticipated, while the other results are
extraordinarily close. If Kaufmann’s results stand the
test of criticism and repetition, they constitute a
verification of a fact which is of the utmost importance
and of the highest theoretical interest, for it has the
effect of reducing the whole Matter in the universe
to Electricity, not as a speculation, but as an estab-
lished truth, It would be rash to jump to such an
important conclusion too hastily; and there remains
a great outstanding difficulty, hardly yet even faced,
concerning the nature of positive electricity—that vague
and cometary termination of lines which at the other
end are intensely concentrated. !

Moreover, the view taken by J. J. Thomson of
the nature of the lines of force—whereby their momen-
tum when moving depends upon the mass of ether
vortically included in each and inseparable from

it—cannot be said exactly to explain ‘‘mass.”
Material mass is first explained electrically, and then |
electrical mass is relegated to the inertia of ether,—
not the great bulk of ether, which may be as regards
locomotion immovable, but the core of the columnar
vortices associated with and essentially constituting
the particles of which atoms of matter are composed. [
The massiveness of ether itself would thus be an un- |
explained fundamental fact, and its density would have
to be regarded as extremely great. The probably high
density of ether had already been surmised by
FitzGerald and others, and although by this means the
cosmos is reduced to a kind of glorified hydro-
dynamics, yet the fundamental properties of the con-
tinuous fluid itself remain unexplained and to all
appearance inexplicable,

This may be regarded as a defect, but, after all,
explanation always proceeds by stages, reducing the
complex to the simple and introducing unification ; it
can hardly be considered likely that any theory
accessible to us here and now can give anything
approaching an wultimate explanation even of the
simplest thing. If the present theory can be sub-
stantiated, with whatever modifications and enlarge-
ments may be found to be necessary, it will be an
immense step in advance; but it'would be premature
to suppose that these views are in any sense final, or
that they will be promptly and universally accepted.
They have been led up to by the progress of science
during the last quarter century, and a welcome has
been gradually prepared for some of them, but the
discrete and real physical nature of the lines of force
radiating from an electric charge seems to me a
novelty; although, as said before, a fibrous vortex
structure for the ether had already been suggested |
and shown to be competent to transmit transverse |
vibrations. This essential requirement for any ether, |
the transmission of transverse vibration, necessarily |
involves some *‘‘structure’ in the éther, as Lord |
Kelvin and others have all along perceived. Lord
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Kelvin favoured at one time a laminar structure,
FitzGerald a fibrous structure, and Hicks had his own
conception of a vortex sponge. But the difficulty in
most cases was to show that these arrangements were
stable and could persist without mutual destruction
or hopeless wire-drawing. It is not clear whether
this difficulty has or has not yet been attacked by
J. ]. Thomson in connection with the pictorial re-
presentation which he now brings forward.

He shows clearly, somewhat on the same lines as
Mr. Heaviside, how sudden jerks or accelerations given
to the lines' must result in radiation, and he makes
many interesting thumb-nail calculations in connection
with their behaviour, among other things showing that
the mass of bound or associated ether in an electro-
static line is such that if moving with the speed of
light it would exactly equal the electrostatic energy of
the field per unit volume; though how an electric field
is to be thus thought of in any static manner is not
clear to me. Also he is able to regard the re-distribu-
tion of the lines of a charge in rapid motion (first
calculated by Mr. Heaviside in the Phil. Mag., April,
1889) as not only analogous to, but as really corre-
sponding to, the tendency of a moving cylinder to
set itself broadways to the direction of motion.
Furthermore, the lines of force behave very exactly as
stretched elastic threads; for though their section is
not uniform, their tension, i.e. their total stretching
force, varies everywhere with their mass per unit
length, so that the rate of propagation of waves along
them is constant.

Altogether a fascinating and most readable book for
students of physics and chemistry.

OLiver LODGE.

SIR A. GEIKIE’S RECOLLECTIONS.,

Scottish Reminiscences. By Sir Archibald Geikie.
Pp. xii+447. (Glasgow: Maclehose and Sons,
1904.) Price 6s. net.

SCIENTIFIC readers will perhaps turn with most
interest to the chapter in this charming book in
which Sir Archibald, the last Scotchman for the time
being who has directed the work of the Geological
Survey of Great Britain, tells the story of the Scottish
School of Geology. It is interesting to read along
with it the pathetic lament of Principal Forbes, in
Edinburgh, in 1862.

‘It is a fact which admits of no doubt that the
Scottish Geological School which once made Edin-
burgh famous, especially when the Vulcanist and
Neptunian war raged simultaneously in the hall of
this society "—the Royal Society of Edinburgh—** and
in the class rooms of the University, may almost be
said to have been transported bodily to” Burlington
House. Roderick Murchison, Charles Lyell, Leonard
Horner, are Scottish names, and the bearers of them
are Scottish in everything save residence—our younger
men are drafted off as soon as their acquirements
become known. Of all the changes which have be-

| fallen Scottish science during the last half century,

that which 1 most deeply deplore, and at the same
time wonder at, is the progressive decay of our once
illustrious Geological School. Centralisation may
account for it in part but not entirely.”
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But the nation, which did not greatly mourn when
it sent its sixth King James to the sister country, did
not, I think, suffer any more acutely when it saw its
eminent sons, Sir Roderick Murchison, Sir Andrew
Ramsay, and Sir Archibald Geikie, filling in uninter-
rupted succession the position of Director General of
the Geological Survey of Great Britain. England
may congratulate herself that she showed no narrow
provincial jealousy, but chose the best men she could
find in the island, to direct its geological survey, and
their work and their fame are hardly less dear to their
countrymen, because their later years were spent, as
perhaps their best known work may have been done
in the south. They owed their whole training and
equipment to the Scottish School of Geology.

But the note of lamentation was a little too high
pitched even for the days when Forbes struck it. It
is true that the disputes of the Vulcanists and the
Neptunists were rather forgotten with the names of
Hutton and of Jamieson. In Forbes’s time it had come
to be recognised that both schools were substan-
tially in the right—that volcanic forces on the one
hand and water and ice on the other are forces almost
equally potent in fashioning the earth as men knew
it then and as they know it now, and Murchison,
Lyell, Ramsay, Geikie brought people to recognise that
each of the great elements took its own dominating
part in sculpturing our hills and valleys, and in laying
down and dislocating the strata of our rocks. In
Scotland itself there were plenty of geologists to whose
memories Sir Archibald Geikie pays loving and grate-
ful tribute, who had never left their native Scotland.
Two Edinburgh journalists, Charles Maclaren, who
founded “ The Scotsman,” and Hugh Miller, who
was ** The Witness;” spent a great part of their lives
in the field of geology. Robert Chambers worked as
hard on geological subjects as he did on the improve-
ment of the literature and of the lives of his country-
men, and Principal Forbes himself, Mr. Peach, and
Prof. James Geikie have not allowed the indigenous
Scotchman to lose his claim to a great place among
contemporary geologists.

Sir Archibald Geikie shows that his hand has lost
none of its cunning, in the delightful word pictures
he has given us of some of these famous and only

half forgotten men of the early Victorian era. Here
is a charming cameo :—
* The illustrious Principal Forbes himself was

widely known to the geological world for his re-
searches on the glaciers of the Alps and of Norway,
and on earth temperature. As one saw him in the
street or in the class room, he looked singularly
fragile, and it was not easy to realise how such a
seemingly frail body could have undergone the physical
exertion required for his notable Alpine ascents. His
tall, ‘spare figure might be seen striding from the
University to the rooms of the Royal Society, of which
for many years he was the active secretary. His clear
brown eyes wore a wistful expression and his pale
face and sunken cheeks showed how his well-chiselled
features had been preyed on by serious illness. Round
his long neck he always wore one of the large neck-
cloths then in vogue, and above this, when out of
doors, he carried a thick muffler, from under which
as one passed him, one might hear now and then the
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cough that told of the malady from which he was
suffering. In his own house, especially when showing
some of the beautifully artistic water-colour drawings
which he had made in the course of his wanderings,
the then white, almost transparent, hands told the
same tale of suffering.”

Take another ameo, equally striking, of that won-
derful stonemason and editor, Hugh Miller :—

‘“ His appearance in the streets was certainly most
uneditorial. Above the middle height, strongly built
with broad shoulders, a shock of sandy hair, large
bushy whiskers, and dressed in rough tweeds, with a
shepherd’s plaid across his shoulder, he might have
been taken for one of the hill farmers, who on market
days come to Edinburgh from the uplands of the
Lothians He had the true ¢ Highland man’s ling,’
the elastic, springy and swift step of the mountaineer,
accustomed to traverse shaking bog and rough moor.
As he swung down the North Bridge, wielding a stout
walking stick, looking straight before him, his eyes
apparently fixed on vacancy, and his lips compressed,
one could hardly help turning to look after him and
to wonder what manner of man he could be.”

Of the innumerable excellent stories which delight
the readers of Sir Archibald’s reminiscences I shall
quote only two, and they shall be in connection
with well-known scientific names. One tells us how
““the late Professor Tait, so widely known, and so
affectionately remembered, used to cite one of the
answers he received in a class examination. The
question asked was ‘Define transparency, trans-
lucency, and opacity,” and the following was the
answer, ‘I am sorry that I cannot give the precise
definition of these terms. But I think I understand
their meaning, and I will illustrate it by an example.
The windows of this class room were originally
transparent, they are at present translucent, but if not
soon cleaned they will become opaque.’ "’

Many ofd Edinburgh students will still ** affec-
tionately remember ’* these occasionally translucent
windows, and will know how their never-to-be-for-
gotten professor would welcome the answer.

The only other quotation I shall permit myself is
from a letter written by Ami Boué, a delightful old -
geological friend of Sir Archibald Geikie’s younger
days, who had been educated in Edinburgh, where he
was caught up in his youth—about the time of
Waterloo—in the maélstrom of the great geological
duello between the Vulcanists and the ‘Neptunists.
Boué wrote an * Esquisse Geologique sur 1’Ecosse.”’
which Sir Archibald describes as ‘““a most valuable
treatise, in many respects far in advance of his time.’”
Born in Geneva, with German and Austrian connec-
tions, and educated in Scotland, he seems to have
spoken most of the tongues of Europe with equai
courage and inaccuracy., His Edinburgh days, how-
ever, were in 1870 far in the background of his life,
but there are few Englishmen or Scotchmen who
would have ventured to describe their feelings in a
tongue with which they had been familiar in early

life, as Ami Boué did, during the calamitous Franco-
German war.

‘“The dreadful war pre-occupations did take me
all time for thinking at scientific matter, and now
perhaps that distress will approach till nearer our
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abode! When you will know that I have very good
and near parents in both armies, and you perceive the
possibility of parents killing themselves without re-
cognising themselves, nor having the opportunity to
do so, you will understand that I have often headach
when I ride the newspapers or hear from the quite
useless slaughters which have been provocated only by
those men at the head of the human society.”

Too much language must have made his charming
old geological friend a little mad, for Sir Archibald tells
us that ‘“ all the letters to me, extending over a period
of thirteen years,”” of this too cosmopolitan man of
science, ‘“ were written in broken English,” of which
the letter above is a specimen.

The book is full of passages which recall one of the
most delightful, and one of the earliest of Sir Archi-
bald’s books on the scenery of Scotland. 1 take a
grateful farewell of the ‘“ Reminiscences ** if you will
allow me one more extract in illustration :—

‘“The fate of the Celt in the Highlands has been
far different. There he has found himself in a region
of mountains too rugged and lofty for cultivation, save
along their bases, and too continuous to permit easy
access from one district to another. . . . Shut in
among long, narrow, and deep glens, he has culti-
vated their strips of alluvium, but has too often found
the thin stony soil to yield but a poor return for his
labour. For many a long century he had to defend
his flocks and herds from the wolf, the fox and the
wild cat. The gloom of his valleys is deepened by
the canopy of cloud which for so large a portion of
the year rests upon the mountain ridges and cuts off
the light and heat of the sun. Hence his harvests
are often thrown into the late autumn, and in man
a season his thin and scanty crops rot on the ground,
leaving him face to face with starvation and an in-
clement winter. Under these adverse conditions he
could hardly fail to become more or less subdued and
grim.”’

In passages like this, admirable in description and
rich in human sympathy, the book abounds.

THE NEW ZEALAND FAUNA.

Index Faunae Novae Zealandiae. Edited by F. W.
Hutton. Pp. viii+372. (London: Dulau and Co.,
1904.) Price 105, 6d. net.

ITH' the exception of the valuable introduction,

by the editor, which appeals to a somewhat

wider circle, this is essentially a book of reference, and
as such is all-important to the scientific worker. In
drawing up the list of the fauna, Captain Hutton has
had the assistance of specialists in various branches of
zoology who have undertaken the groups with which
they are most familiar, so that the work may be re-
garded as thoroughly complete and up-to-date. Only

" two land mammals—bats—are recognised as indi-

genous to the islands, the so-called Maori rat (Mus

exulans) having apparently been introduced from

Polynesia. This species, together with other wild

forms introduced by human agency, are noticed in an

appendix, and the reader will probably be surprised
to find how large a list of foreigners has thus been
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added to the indigenous fauna. It should be men-
tioned that the text of the work is an ‘‘index ' pure
and simple, not even the local distribution of the
various species being given.

After a brief historical survey of the acquisition of
our present knowledge of the New Zealand fauna,
Captain Hutton enters on a detailed discussion of the
origin and relationships of that fauna, and since this
is a subject to which he has for many years devoted
special attention, his matured conclusions are of the
highest value and importance.

The migratory portion of the fauna is very small,
including only some half-dozen species of birds. The
preponderating stationary portion may, according to
Captain Hutton, be divided into a small aboriginal
element, comprising species with no near relatives
elsewhere, and larger Malay, Australian, and
Antarctic elements, as well as several smaller ones.
Among the aboriginal forms, that is to say, those
which appear to have been inhabitants of the islands
for a very long period, the author includes the short-
tailed bat (Mystacops), the tuatera, and the kiwi.
Taking a broad view of the fauna, it may be said that
the terrestrial portion is mainly of Malay origin, but
with somewhat strong Holarctic and Neog®ic con-
nections. This opinion is important in connection with
the view that has been elsewhere expressed as to the
Asiatic origin of the Australasian marsupials.

From the occurrence of a number of animals which
it is impossible to believe could have crossed the sea,
the author is of opinion that New Zealand is not
entitled to be regarded as an oceanic island, but that
at an epoch relatively remote it formed part of a large
continent.

The *land shells of the genus Endodonta, which
range all through Polynesia, New Zealand, eastern
Australia, New Guinea, and the Philippines, with an
outlier in Ceylon, afford the best evidence in favour of
a Polynesian continent, the Cingalese outlier pointing
to the conclusion that this group of molluscs originally
came from the north. The molluscan evidence will
not, however, explain the South American connection.

The best zoological evidence of the latter connection,
by way of Antarctica, is afforded by the earthworms
of the family Acanthodrilidae, which are unknown
north of the equator, although their occurrence in
Madagascar may point to a northern origin. The
primary northern origin of the mainly fresh-water
fishes of the genus Galaxias may perhaps also be in-
dicated by the existence of the allied Cromeria in the
Nile. Additional evidence of a connection with Pata-
gonia is afforded by the occurrence in the Tertiary
strata of South America and New Zealand of quite a
number of shallow-water marine invertebrates, as,
indeed, has been recently pointed out by Dr. von
Ihering. Further, the occurrence of these forms in
older strata in South America than in New Zealand
points to the conclusion that the migration took place
from the former to the latter area.

Lack of space alone prevents us from discussing in
greater detail Captain Hutton’s very interesting and
suggestive views. R. L.
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OUR BOOK SHELF.

4 History of the Daubeny Laboratory, Magdalen
College, Oxford. By R. W. Giinther, M.A,, F.L.S.
Pp. vi+137; 3 full page plates. (London: Henry
Frowde, 1904.) Price 5s. net.

Oxrorp chemistry is entering on a new phase of its

existence. Up to the present time the theoretical

teaching has been excellent, but partly owing to lack
of accommodation and partly through other causes, the
practical teaching has not reached so high a standard.

Mr. Giinther’s book is a sort of commemoration of the

opening of the reconstructed chemical laboratory at

Magdalen College. The laboratory, apart from the

Physic Garden, which is nearly four hundred years

old, was founded in 1842, and it was the scene of

Daubeny’s labours both as chemist and botanist. His

chemistry lectures were, however, given in a basement

of the old Ashmolean building. It is to a certain
extent typical of the ecarlier days of Oxford science that
most ol the work was relegated to cellars. Brodie’s

“last word on the formula of ozone’ was said in a

cellar at Balliol, and in the same cellar much of Dixon’s

excellent work on the rates of explosion in gases was
done. Harcourt’s classical experiments on velocity of
chemical change were performed in a basement at

Christ Church. Things are changing now. New

laboratories have been built both at Christ Church and

Magdalen, and in both, research laboratories, with the

best appliances, give hope that chemical research in

Oxford many be entering on a new lease of life.

Mr. Giinther gives a very minute and interesting
account of the laboratory now under his charge. Not
the least interesting is his description of the collection
of old apparatus which has been lying, fortunately
unbroken, for many years in the laboratory. A com-
plete meteorological record from 1869 has been kept,
and the monthly averages are given in an appendix.
A list of Daubeny’s researches is also appended; the
number of papers is very large, considering the fact
that he was the holder of three several professorships—
chemistry, botany, and rural economy. The researches
of later workers in the laboratory are described in full.
Mr. Glinther has evidently been misled by the polite-
ness of one of the learned societies. It is scarcely con-
sidered a mark of distinction for an author to have his
paper *‘ deposited in full in the Society’s Archives.”

The registers of attendance at the lectures of
Daubeny are printed in full from 1826, with
notes of the after careers of the students. It is a

curious fact that fully three-quarters of the early
attendants of science lectures in Oxford afterwards
took Orders, and among them we find three arch-
bishops, Tait, Whately and Thomson. In these later
days science is apparently not so necessary for the
education of the clergy.

Abvriss der Biologie der Tiere. By Prof. H. Simroth.
2 vols. Pp. 157 each. (Leipzig : Goschen.)
Tuese little books correspond to the series issued in
this country by Messrs. Newnes, as the ** Story of
Fish-Life " and the like. But Dr. Simroth, possessing
as he does a great knowledge of animal bionomics,
has condensed within two small volumes all the
essential facts of comparative physiology of animals
in a way that is paralleled by no English work except
Semper’s  ‘“ Animal  Life.” Unfortunately  the
Germans, with few exceptions, do not arrange and
select their elementary science in a way that assists
the beginner. Almost on the first page we meet with
“idioplasma * and ** chromosomes,’” a fact which is
eloquent of the distance between writer and learner.
Whilst this work is one of great value to teachers,
it is well to understand that it is useless to those be-
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ginning the subject. The reviewer, however, as one
who has known the stimulating character of Prof.
Simroth’s teaching, gladly acknowledges the sugges-
tive and clear way in which the influence of gravity,
light, heat, and other radiations are referred to.
These, and the concluding chapters on reproduction,
rudimentary organs, and habitat, are well worth the
attention of those who have already acquired a
practical knowledge of biology.

From India to Fergana. Description of a Journey
made in 1898 by Lieut.-Colonel V. T. Novitskiy,
being part of vol. xxxviii. of the Memoirs of the
Russian Geographical Society. Pp. 297; with a
map and 18 photographs. (St. Petersburg, 1903.)

STARTING from Srinagar, the author went first to Leh;

thence, proceeding in a northern direction, he crossed

the Karakoram Plateau, reaching the Karakash River,
or Khotan-daria, at the Chinese post Shahi-dula.

Then, instead of taking one of the usual passes across

the Raskem Range, the Russian traveller went through

a more western, formerly unknown pass, Karlik-

davan, which proved to be extremely difficult, especially

in the gorge of the Tagra-su. Descending next to the
valley of the Ulyuch-su, the party soon reached

Kargalyk, in Kashgaria, and Yarkand, and went to

Russian Turkestan, following one of the usual

routes, The author gives very good descriptions of

Kashmir and of the dreary Karakoram Plateau, about

15,000 feet high in its high valleys, which are covered

with alluvial deposits from old desiccated lakes, and

are surrounded with bare mountains reaching an alti-
tude of 24,600 feet in the Ak-tash group of peaks.

He describes further the Alpine zone, intersected with

wild gorges, which is usually known on the maps as

the Raskem Range, but represents in reality an inter-
mediate zone between the plateau and the plains of

Kashgaria. He gives detailed lists of the plants he

collected and of the birds he saw, and also most striking

photographs, artistically reproduced. A map of the

Pamirs and the surrounding regions, 27 miles to the

inch, and a very interesting cross-section, based on

the author’s barometric measurements, are added to
this valuable work.

Dissertations on Leading Philosophical Topics. By
Alexander Bain. Pp. vi+277.  (London: Long-
mans, Green and Co., 1903.) Price 7s. 6d. net.

Tuis volume consists of fifteen essays on logical,
psychological and ethical topics that have been pre-
viously published in the pages of Mind or elsewhere.
Nevertheless. a special interest attaches to it because
the essays represent the maturest conclusions of the
late Prof. Bain upon subjects to which he had devoted
his attention with so conspicuous success throughout
his long and distinguished career, and were designed
by him to supplement the two great works on
psychology which ill-health prevented him from again
reissuing. The essays exhibit all that wide learning,
that clearness and vigour of intellect, and that width
of sympathy and interest which gave Bain’s works on
psychology a place in the foremost rank and secured
for him a world-wide reputation. Very characteristic
are the two essays in which he insists on the import-
ance for psychology of physiological considerations
and psycho-physical experiment, and at the same time
defines their scope and their true relations to the
introspective method. The volume concludes with an
essay on the examination-system that assumes ever
vaster proportions in this country in spite of many
denunciations. Here Bain, recognising the necessity
of examinations, appears as an advocate of improve-
ment in the art of examining and of restriction rather
than abolition of the system.
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Relation between Uranium and Radium in some
Minerals.

IN the course of an investigation which I am conducting
on uranium-bearing minerals, the detailed results of which
will be published shortly, I have come upon a point which
seems to be of sufficient interest to warrant immediate
publication. This is the close agreement between the
amount of uranium and the amount of radium present in
those minerals which have been examined.

The method which has been employed is briefly as
follows :—A weighed quantity of the powdered mineral is
introduced into a small glass bulb, which is connected with
a larger bulb by a short tube. Attached to the bulb con-
taining the mineral is another small bulb containing a
small quantity of a suitable acid. The whole apparatus is
sealed up at a slightly diminished pressure, and by tilting,
the acid is brought into the bulb with the mineral, and
the complete decomposition of the latter effected by gentle
heating. At the end of a couple of days the larger bulb
is sealed off from the smaller and allowed to stand for two
hours to permit any rapidly decaying emanation which it
may contain to dissipate. A small quantity of strong
sodium hydroxide solution is introduced into the bulb, and
the walls are thoroughly wetted in order to remove the acid
fumes. The air contained in the bulb is then transferred
to an air-tight electroscope and the rate of leak measured.
In comparing the results obtained with different minerals
the rate of leak at the end of three hours has been chosen,
since at this time the rate of decay of the excited activity
and its rate of formation are in equilibrium, and the read-
ings of the electroscope are constant over considerable
periods. The quantity of uranium in the solution is deter-
mined by analysis, and the ratio between the volumes of
the two parts of the apparatus determined by measuring
their separate capacities.

The results which have been obtained are as follows :—

No. Substance Eer cent. U(E;:m:n difrﬁ?&m I:Exlllcd:%
Uranium taken per min. Uranium

1 ... Uraninite 82's 0'1067 22°§ 211

2 ... Gummite . 66°1 0'0982 20°8 212

3 ... Uranophane 466 ... 0%0671 ... 12'1 181

4 ... Uraninite 83'9- 0'0994 ... 20°6 ... 207°'2

5 ... Samarskite 9°§ 0'0202 Qrg s a8

Nos. 1, 2, 3 and 5 from North Carolina; No. 4 from

Branchville, Conn.
- The slightly low valuu of the constant in No. 3 can be
explained by the fact that this mineral at ordinary tempera-
ture gives off constantly a small proportion of its emanation,
and is therefore not in complete equilibrium,

These results show a direct variation from those obtained
by Mr. Strutt (Proc. Roy. Soc., Ixxiii., 191), which may
perhaps be explained by the fact that he secured the eman-
ation by heating his minerals. Experiments which 1 have
made show that on heating samarskite to low redness only
10 per cent. of the total emanation is given off, and that
heating to bright redness releases only 20 per cent. of the
total emanation obtained when the very finely powdered
mineral is completely decomposed by heating with concen-
trated sulphuric acid. BerTrRAM B. Bortwoob.

139 Orange Street, New Haven, Conn., U.S.A., May 7.

The Source of Radium,

As the subject of the origin of radium is being discussed,
I may perhaps be permitted to make a suggestion.

The source of radium is at present being looked for on
the assumption that it is the disintegration product of a
substance of higher atomic weight. If this is so, we have
apparently to choose between uranium and thorium. Mr.
Soddy’s experiment throws serious doubts upon the former
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being the source. The products of the latter appear to
have been sufficiently far traced to render it doubtful that
it can be the source. Again, the element thorium seems
to be scarce in, or even absent from, some radio-active
pitchblendes, if the older analyses are to be relied upon.

I would suggest that radium may not be derived purely
as a disintegration product, but as an atomic combination
of radio-active products with some of the elements present
in pitchblende.. Thus radium would represent the synthesis
of an element, not its decomposition. On this view some
of the radio-active products of uranium (or thorium) can, in
virtue of their great kinetic energy, enter into the atoms of
intermixed substances, such as barium, bismuth, &c., giving
rise to the new atom radium. The new atom is, however,
not very stable, and is consequently short lived. Hence
its radio-activity.

If this hypothesis is correct, we should seek to observe
the genesis of radium not in any one of the radio-active
elements, but in molecular intermixtures of these with the
various bodies we know to be conspicuously present in pitch-
blende, seeking among the various combinations for a
positive result. The quantities of radium (or its emanation)
to be expected as generated in a given time remain, of
course, the same as on the hypothesis of disintegration ;
thus the experimental investigation presents no additional
difficulties beyond its greater prolixity. J. JoLy.

Trinity College, Dublin, May 17.

As Mr. Soddy is absent from England, it may be per-
mitted to me to comment on Prof. Joly's letter. The idea
had occurred to us; but, as remarked, the experiments would
be very ** prolix."’

A more promising field of research appears to be to try
to ascertain whether the immense amount of energy evolved
in various forms during the disintegration of the radium
emanation may not be able to cause chemical change of a
constructive nature; for example, to change bromine into
iodine. . An attempt has been made to see if this was the
case, but without a positive result. That iodine would be
the product of an addition of energy to bromine is
of course a mere guess; but iodine is easily tested
for, and hence the experiment. The difficulty will
be in recognising with certainty the product of any such
change, for the quantity of matter to be produced is, of
course, extremely 'small. It is only, however, by such
‘“mad "' experiments that the capabilities of the radio-active
bodies can be ultimately gauged. WiLLiam Ramsay.

Radio-activity of Russian Muds and Electrification of
Air by Metals.

Tue researches of Elster and Geitel (Phys. Zeitschr., v.
p. 11) having led to the detection of radio-active power in
the fine mud or ** Fango ' of the Italian watering-place
Battaglia, induced me to undertake a study of the Russian
muds in this character. Out of the five kinds of muds
hitherto obtained by me and studied in a desiccated state,
two muds, viz. that of the Odessa Kooyalnitzky Liman and
that of Arensburg, on the Isle of Oesel, have proved
undoubtedly to possess radio-activity, the first being radio-
active in a higher degree than the second. In these re-
searches we proceeded in a manner quite analogous to that
of Messrs. McLennan and Burton in studying the electrical
conductivity of the air (Phil. Mag., v. p. 699, 1903). The
present experiments were carried out with the most active
participation of Mr. Athanassieff.

We employed two cylinders, a brass one 83 cm. in
diameter and 20 em. high, and another of zinc, 22.5 cm.
in diameter and 35 cm. high., In each cylinder there was
fixed along the axis a brass wire which was supported by
an amber cylinder placed in a brass guard tube. The latter
was connected with the earth, and embedded in an insulating
ring put into an opening of the upper base of the cylinder.
The wire of either cylinder could at will be connected with
one pair of quadrants of a Dolezalek electrometer, the other
pair being connected with the earth, and the leaf was
charged to 100 V by means of a battery of storage cells.
The wire, also of brass, connecting the cylinder wire with
the electrometer, and the point of connection of that wire
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with either cylinder wire, were surrourded by brass tubes
connected with the earth. The sensitiveness of the electro-
meter was such as to produce for a AV of o.o1 V, a shifting
of about 7 mm. on the scale. The connection of the
cylinder wires with the earth was brought about by touch-
ing them with brass wires connected with the earth. In
the whole there was not on the path from the cylinder
wire to the electrometer any contact of two different metals.
The cylinder was charged, as a rule, to 100 V by a battery
of storage cells.

During the progress of these experiments a very interest-
ing phenomenon presented itself. It was found that when
either of the cylinders is connected with the earth, the wire
enclosed within it, after being disconnected from the earth,
immediately begins to get electrified, i.e. the electrometer
thereupon indicates a rise of a potential, which continually
increases during a certain interval of time, some hours in
the main, before reaching a limiting value. (The electrifi-
cation was observed when the mud was removed from the
cylinders.) The wire contained in the zinc cylinder becomes
positively electrified, whilst that in the brass cylinder
becomes negatively electrified. Having remarked such a
phenomenon, we introduced into the brass cylinder which
opened from beneath, a zinc cylinder, placed coaxially so as
to enclose the wire, This cylinder was in metallic connec-
tion with the surrounding brass one. In this case, too, the
wire acquired a potential, but it was opposite in sign to
that it acquired without such a zinc cylinder being merely
enclosed in the brass cylinder, i.e. it became positively
electrified. The maximum value of the potential produced
in the wire amounted in our observations to o2 V. This
maximum value depends, it seems, upon the degree of
ionisation of the air in the cylinder.

We also replaced the zinc cylinder at the interior of the
great brass cylinder by others of lead, aluminium, iron and
silver, with the effect that the two former acted in the same
direction as the zinc cylinder ; the lead cylinder, which, by
the bye, proved very radio-active, gave the strongest effect
(about 0:35 V), whilst aluminium took the last place, zinc
remaining in the middle. The iron and the silver
cylinders, on the contrary, exerted the same action as the
main brass cylinder, giving a negative electrification, but
to a less degree.

The phenomenon we have observed seems to be in corre-
spondence with effects produced in metals by air ionised
with Réntgen rays (I. Borgmann and A. Gerchun, C. R.,
cxxii. p. 378, 1896; Minchin, the Electrician, March 27,
1896 ; Rutherford, Phil. Mag., xliii. p. 241, 1897). It may
perhaps give the explanation of atmospheric electricity ; and
it is also of interest in the fact that here we take electrical
energy directly from the air. I. BORGMANN.

Physical Institute, The University, St. Petersburg, May 9.

Graphic Methods in an Educational Course on
Mechanics,

It is difficult to reconcile Mr. Milne's opening statement
(NATURE, May 5, p. 5) with the rest of his lette