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fully dealt with by a special society (the Optical
Society), and overlapping is most undesirable in
matters of publication.

The original papers attain a very creditable standard
for so young a society and so mew a subject. Prof.
Boswell’s work on British glass sands is already widely
krown and appreciated, since it has already been more
or less completely published elsewhere. Mr. C. ]J.
Peddle describes trials of British sands as substitutes
for some of foreign origin, and his results are ex-
tremely hopeful, provided that careful treatment in
regard to grading and washing is applied to the
British materials. Mr. F. Twyman deals with the
annealing of glass, and describes a method of testing
the glass for strain and for its disappearance by means
of a special form of polarimeter; the modification
ascribed to Mr. F. E. Lamplough, however, is not
novel, as the writéer saw it in use more than
fourteen years ago. Nor does Mr. Twyman make it
quite clear that his reasoning is not applicable to any
but thin glass vessels, such as the beakers he refers to.
In such thin glassware all that is required is uniform
cooling from the “annealing temperature” of Mr.
Twyman; in thicker glass, however, such uniformity
as between exterior and interior portions can be ob-
tained only by very slow cooling.

Apart from detailed criticism of particular points, the
whole volume clearly shows the vitality of the new
society and the need for the co-ordinated study of glass
and glass manufacture from the scientific point of
view. It is to be hoped that all branches of the
British glass industry, which has received a rejuvenat-
ing impulse from the war, will support the mnew
society and thus facilitate the co-operation of science
in an industry that should be essentially scientific.

PLANKTON RESEARCH AT PLYMOUTH.

’I‘HE May number of the Journal of the Marine

Biological Association is devoted to an interesting
account of the investigations of the plankton of the sea
outside Plymouth Breakwater, made during the year
September, 1915, to September, 1916. The main sys-
tematic research has been conducted by Miss Lebour,
while Dr. Allen describes post-larval stages of fishes,
and Mr. Matthews gives an account of the variation
in the quantity of phosphoric acid present in the sea-
water. Miss Lebour used Lohmann’s method of cen-
trifuging small volumes of sea-water (50 c.c.), and
then actually counting the organisms so obtained.
Her results are in general agreement with those of
Lohmann (at Kiel) and Herdman and Scott (at Port
Erin). There are well-marked seasons of abundance
of microplanktonic organisms, diatoms occurring in
greatest quantity some time in the spring or early
summer, and then again in the autumn, while Peri-
diniales attain their maximum of seasonal abundance a
little later than the diatoms. The Peridiniales have
been very thoroughly investigated, and Miss Lebour
describes eight species which are new to science and
twenty-one species which have not hitherto been re-
corded from British seas. She also gives some records
of the occurrence of larval Trematodes, free~-swimming
in the sea, and descriptions of the Helminth parasites of
Sagitta. These worms have been noticed many times,
and some of them are very familiar to planktologists,
but no sound identifications have been made prior to
the research now under notice. Sagitta is a host for
larval forms of Derogenes wvaricus and Pharyngora
bacillaris, both well-known fish Trematodes. A larval
Ascaris also occurs, and two larval Cestodes, the species
of which are not identifiable.

Mr. Matthews gives detailed accounts of his methods
of determining the exceedingly small quantities of
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phosphoric acid which occur in sea-water, at the most
about o006 mg. of P,O, per litre. There is a well.
marked maximum at nearly the end of the year (in the
darkest days). The variations are dependent upon the
metabolism of marine plants, and the minimum quan-
tity of phosphoric acid occurs in April and ’VIay—-that
is, at about the time when holophytic plants are taking
most food substance from the sea-water. The larger
alge seem to be the principal factors for the curve of
variation in quantity of phosphoric acid not being the
reverse of that for variation in abundance of diatoms,
as was at first expected. J j’

CORRECTION FOR ATMOSPHERIC RE-

FRACTION IN GEODETIC OPERATIONS.A
“HE memoir before us is concerned with

the correction for refraction in geodetic
operations  between distant stations, especially
those differing considerably in altitude.  The
author quotes  Helmert’s  elaborate  formula,

which gives the correction as a function of gravity,
atmospheric pressure, coefficient of expansion of air,
tension of aquecus vapour, temperature, and verticai
temperature gradient. The values deduced from the
formuta are compared with those obtained by observa.
tion over several bases in Italy and the Alps. The
results are grouped both by months and by hours of
the day; they show in a clear manner that there are
both diurnal and annual variations in the refraction
coefficient, which appear to be mainly due to the
changes in the vertical temperature gradient. The
following table shows the results of two series, the
coefficients in the first column being deduced from
the formula, and in the second by experiment. The
third column gives the observed vertical temperature

gradient.
Diminution of
temperature for

Coeflicient of refraction at
noon

Months 100 m. altitude
From From in degrees
formula experiment  Centigrade
Jan., Dec. o175 — 044
Feb., Nov. o170 0181 055
Mar., Oct. o158 0-168 0-68
Apr., Sept. 0154 0159 074
May, Aug. 0145 0154 079
June, July o143 0153 079

The results of several measures of altitudes over
long bases in Italy (length 23 km., difference of alti-
tude goo m.) show a range of somewhat over a metre,
and indicate that better results are obtained by using
the meteorological data of the lower station only than
by combining those of both stations. The memoir
closes with a table arranged to facilitate the applica-

| tion of the correction for temperature to measured alti-

tudes in surveying. A. C. D. CROMMELIN.

THE COMPLEXITY OF THE CHEMICAL
ELEMENTS.?

11.
The Peviodic Law and Radio-active Change.

TI-IE second line of advance interprets the periodic
law. It began in 1911 with the cbservation that the
product of an a-ray change always occupied a place in
the periodic table two places removed from the parent
in the direction of diminishing mass, and that in
subsequent changes where a rays are not expelled, the
product frequently reverts in chemical character to

1 £ Su'IaDetcrmmanone del Coefficiente di Rifrazione Terrestre in Base ad
Elementi Meteorologlm By Vincenzo Reina. (Roma: R. Accademia dei
Lincei, ser. vi, vol. xii., Fasc. i1, 1916.)

2 Discourse delivered at the Royal Institution on Friday, May 18, by
Prof. Frederick Soddy, ¥.R.S. Continued from p. 418.
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that of the parent, though its atomic weight is reduced
four units by the loss of the a particle, making the
passage across the table curiously alternating. Thus
the product of radium (Group 11.) by an e-ray change
is the emanation in the zero group, of ionjum
{Group IV.)} radium, and so on, while in the thorium
series thorium (Group 1V.) produces by an a-ray change
mesothorium-1  (Group Il.), which in subsequent
changes in which no a rays are expelled yields radio-
thorium, back in Group IV. again (*‘ Chemistry of the
Radio-Elements,” p. 29, first edition, 1g91r1). Nothing
at that time could be said about B-ray changes. The
products were for the most part very short-lived and im-
perfectly characterised chemically, and several lacunz
still existed in the series, masking the simplicity of the
process. But early in 1913 the whole scheme became
clear, and was pointed ocut first by A. S. Russeli, in
a slightly imperfect form, independently by K. Fajans
from electrochemical evidence, and by myself in full
knowledge of Fleck’s results, still for the most part
unpublished, all within the same month of February.
It was found that, making the assumption that
uranium-X was in reality two successive products
giving B rays, a prediction Fajans and Goéhring proved
to be correct within a month, and a slight alteration
in the order at the beginning of the uranium series,
every g-ray change produced a shift of place as de-
scribed, and every f-ray change a shift of one place
in the opposite direction. Further, and most signifi-
cantly, when the successive members of the three dis-
integration series were put in the places in the table
dictated by these two rules, it was found that all the
elements occupying the same place were those which
had been found to be non-separable by chemical pro-
cesses from one another, and from the element already
occupying that place, if it was occupied, before the
discovery of radio-activity. For this reason the term
isctope was coined to express an element chemically
non-separable from the other, the term signifying ‘‘ the
same place.”

So arranged, the three series extended from uranium
to thallium, and the ultimate product of each series
fell into the place occupied by the element lead. The
ultimate products of thorium should, because six a
particles are expelled in the process, have an atomic
weight twenty-four units less than the parent, or about
208. The main ultimate product of uranium, since
eight ¢ particles are expelled in this case, should have
the atomic weight 206. Th: atomic weight of
ordinary lead is 2072, which made it appear very likely
that ordinary lead was a mixture of the two isotopes,
derived from uranium and thorium. The prediction
follows that lead, separated from a thorium mineral,
should have an atomic weight about a unit higher,
and that separated from uranium minerals about a
unit lower, than the atomic weight of common lead,
and in each case this has now been satisfactorily estab-
lished.

The Atomic Weight of Lead from Radio-active
Minerals.

It should be said that Boltwood and also Holmes
had, from geological evidence, both decided definitely
against its being possible that lead was a product of
thorium, because thorium minerals contain too little lead,
in proportion to the thorium, to accord with their geo-
logical ages; whereas the conclusion that lead was
the ultimate product of the uranium series had been
thoroughly established by geological evidence, and has
been the means, in the hands of skilful investigators,
of ascertaining geological ages with a degree of pre-
cision not hitherto possible. Fortunately I was not de-
terred by the non possumus, for it looks as if both
conclusions are right! An explanation of this para-
dox will be attempted later. In point of

NO. 2491, VOL. 9]

[Jury 26, 1917
fact, there are exceedingly few thorium minerals
that do not contain wuranium, and since the
rate of change of uranium is about 26 times

that of thorium, one part of uranium is equal as a lead
producer to 26 parts of thorium. Thus Ceylon
thorianite, one of the richest of thorium minerals, con-
taining 60 to 7o per cent. of ThO,, may contain 10
to 20, and even 3o, per cent. of U,O,, and the lead from
it may be expected to consist of very similar quantities
of the two isotopes, to be, in fact, very similar to
ordinary lead. I know of only one mineral which is
suitable for this test. It was discovered at the same
time as thorianite, and from the same locality, Ceylon
thorite, a hydrated silicate containing some 57 per cent.
of thorium and 1 per cent. of uranium only. In the
criginal analysis no lead was recorded, but I found it
contained o-4 per cent., which, if it were derived from
uranium only, would indicate a very hoary ancestry,
comparable, indeed, with the period of average life of
uranium itself. On the other hand, if all the lead (1)
is of radio-active origin, (2) is stable, and (3) is derived
from both constituents as the generalisation being dis-
cussed indicated, this o4 per cent. of lead should con-
sist 955 per cent. of the thorium isotope and 45 per
cent. of the uranium isotope. Thorite thus offered an
extremely favourable case for examination.

In preliminary experiments in conjunction with H.
Hyman, in which only a gram or less of the lead was
available, the atomic weight was found relatively to
ordinary lead to be perceptibly higher, and the differ-
ence, rather less than § per cent., was of the expected
order.

I was so fortunate as to secure a lot of 30 kilos of
this unique mineral, which was first carefully sorted
piece by piece from admixed thorianite and doubtful
specimens. From the 20 kilos of first-grade thorite
the lead was separated, purified, reduced to metal, and
cast in vacuo into a cylinder, and its density deter-
mined, together with that of a cylinder of common
lead similarly purified and prepared. Sir Ernest
Rutherford’s theory of atomic structure, to be dealt
with in the latter part of this discourse, and the whole
of our knowledge as to what isotopes were, made it
appear probable that their atomic volumes, like their
chemical character and spectra, should be identical,
and therefore that their density should be proportional
to their atomic weight. The thorite lead proved to be
0-26 per cent. denser than the common lead., Taking
the figure 207-2 for the atomic weight of common lead,
the calculated atomic weight of the specimen should be
207-74.

The two specimens of lead were fractionally distilled
in vacuo, and a comparison of the atomic weights of
the two middle fractions made by a development of one
of Stas’s methods. The lead was converted into nitrate
in a guartz vessel, and then into chloride by a current
of hydrogen chloride, in which it was heated at gradu-
ally increasing temperature to constant weight. Only
single determinations have been done, and they gave
the values 20720 for ordinary lead, and 207694 for
the thorite lead, figures that are in the ratio of
100 to 100-24. This therefore favoured the conclusion
that the atomic volume of isotopes is constant.

At the request of Mr. Lawson, interned in Ausina,
and continuing his researches at the Radium Instjtut
under Prof. Stefan Meyer, the first {fraction of the
distilled thorite lead was sent him, so that the work
could be checked. He reports that Prof. Hénigschmid
has carried through an atomic weight determination
by the silver method, obtaining the value 2077 +0-014
as the mean of eight determinations. Hence the con-
clusion that the atomic weight of lead derived from
thorite is higher than that of common lead has been
put beyond reasonable doubt.

Practically simultaneously with the first announce-
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ment of these results for thorium lead, a series of
investigations was published on the atomic weight of
lead from uranium minerals by T. W. Richards and
collaborators at Harvard, Maurice Curie in Paris, and
Honigschmid and collaborators in Vienna, which
show that the atomic weight is lower than that of
ordinary lead. The lowest result hitherto ob-
tained is 206046, by Hénigschmid and Mlle. Horovitz,
for the lead from the very pure crystallised pitch-
blende from Morogoro (German East Africa), whilst
Richards and Wadsworth obtained 206-085 for a care-
fully selected specimen of Norwegian cleveite.
Numerous other results have been obtained, as, for
example, 206405 for lead {rom Joachimsthal pitch-
blende, 206:82 for lead from Ceylon thorianite, 20708
for lead from monazite, the two latter being mixed
uranium and thorium minerals, But the essential pro-
portion between the two elements has not, unfortunately,
been determined. Richards and Wadsworth have also
examined the density of their uranium lead, and in
every case they have been able to confirm the conclu-
sion that the atomic volume of isotopes is constant,
the uranium lead being as much lighter as its atomic
weight is smaller than common lead. Many careful
investigations of the spectra of these varieties of lead
show that the spectrum is absolutely the same so
far as can be seen.

Thorium and lonium.
A second quite independent case of a difference in
atomic weight between isotopes has been established.

It concerns the isotopes thorium and ionium, and it is |

connected in an important way with the researches
of which, on two previous occasions, I have given
an account here, the researches on the growth of
radium from uranium which have been in progress
now for fourteen years. It is the intervention of
ionium with its very long period of life which has
made the experimental proof of the production of
radium from uranium such a long piece of work.
Previously only negative results were available. One
could only say from the smallness of the expected
growth of radium that the period of average life of
ionium must be at least 100,000 years, forty times
longer than that of radium, and, therefore, that there
must be at least forty times as much ionium by
weight as radium in uranium minerals, or at least
136 grams per Iooo Kilos of uranium. Since then
further measurements carried out by Miss Hitchins
last year have shown definitely for the first time a
clear growth of radium from uranium in the largest
preparation, containing 3 kilos of uranium, and this
growth, as theory requires, is proceeding according to
the square of the time. In three years it amounted to
2% 10~ grams of radium, and in six years to just four
times this quantity. From this result it was con-
cluded that the previous estimate of 100,000 years for
the period of ionjum, though still of the nature of a
minimum rather than a maximum, was very near to
the actual period.

Joachimsthal pitchblende, the Austrian source of
radium, contains only an infinitesimal proportion of
thorium. An ionium preparation, separated by Auer

thorium was added during the process, was an ex-
tremely concentrated ionium preparation. The atomic
weight of ionium—calculated by adding to the atomic
weight of its product, radium, four for the  particle
expelled in the change—is 230, whereas that of
thorium, its isotope, is slightly above 232, The ques-
tion was whether the ionium-thorium preparation
would contain enough ionium to show the difference.
Honigschmid and Mlle. Horovitz have made a special
examination of the point, first re-determining as accu-
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rately as possible the atomic weight of thortum, and
then that of the thorium-ionium preparation from
pitchblende. They found 232-12 for the atomic weight
of thorium, and by the same method 231:51 for that
af the ionium-thorium. A very careful and complete
examination of the spectra of the two materials
showed for both absolutely the same spectrum and a
complete absence of impurities.

If the atomic weight of jonium is 230, the ionium.
thorium preparation must, from its atomic weight,
contain 3o per cent. of ionium and 5o per cent. of
thorium by weight. Prof. Meyer has made a com-
parison of the number of a particles given per second
by this preparation with that given by pure radium,
and found it to be in the ratio of 1 to 200. If 30 per
cent. is ionium, the activity of pure ionium would be
one-sixtieth of that of pure radium, and its period some
sixty times greater, or 150,000 years. This confirms
in a very satisfactory manner our direct estimate of
100,000 years as a minimum, and incidentally raises
rather an interesting question.

My direct estimate involves directly the period of
uranium itself, and if the value accepted for this is
too high, that for the ionium will be correspondingly
too low. Now, on May 11 Prof. Joly was bringing
before you, 1 believe. some of his exceedingly in-
teresting work on pleochroic halos, from which he has
grounds for the conclusion that the accepted period of
uranium may be too long.

But since I obtained, for the period of ionium, a
minimum value two-thirds of that estimated by Meyer
from the atomic weight, it is difficult to believe that
the accepted period of uranium can have been over-
estimated by more than j0 per cent. of the real period.
The matter could be pushed to a further conclusion if
it were found possible to estimate the percentage of
thorium in the therium-ionium preparation, a piece of
work that ought not to be beyond the resources of
radio-chemical analysis. This would then constitute
a check on the period of uranium as well as on that
of jonium. Such a direct check would be of consider-
able importance in the determination of geoiogical
ages.

The period of ionium enables us to calcu-
late the rafic between the weights of ionium
and wuranium in pitchblende as 174 to 10°,
and the doctrine of the non-separability of

isotopes leads directly to the ratio between the thorium
and uranium in the mineral as 417 to 10°.  This
quantity of thorium is unfortunately too small for
direct estimation. Otherwise it would be possible to
devise a very strict test of the degree of non-separ-
ability. As it is, the work is sufficiently convincing.
Thirty tons of a mineral containing a majority of the
known elements in detectable amount, in the hands of
one whose researches in the most difficult field of
chemical separation are world-renowned, yield a pre-
paration of the order of one-millionth of fhe weight
of the mineral, which cannot be distinguished from
pure thorium in its chemical character. Anyone could
tell in the dark that it was not pure thorium, for its
a activity is 30,000 times greater than that of thorium.

: { This is then submitted to that particular series of
von Welsbach from 30 tons of this mineral, since no

purifications designed to give the purest possible
thorium for an atomic weight determination, and it
emerges without any separation of the ionium, but
with a spectrum identical with that of a control speci-
men of thorium similarly purified. ~ The complete
absence of impurities in the spectrum shows that the
chemical work has been very effectively done, and the
atomic weight shows that it must contain 30 per cent.
by weight of the isotope ionium, a result which agrees
1with its ¢ activity and the now known period of the
atter.
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Determinaiion of Atomic Weights.

The results enumerated thus prove that the atomic
weight can no longer be regarded as a natural con-
stant, or the chemically pure element as a homo-
geneous type of matter. The latter may be, and
doubtless often is, a mixture of isotopes varying in
atomic weight over a small number of units, and the
former then has no exact physical significance, being
a mean value in which the proportions of the mixture
as well as the separate atomic weights are both un-
known. New ideals emerge and old ones are resusci-
tated by this development. There may be, after all, a
very simple numerical relation between the true atomic
weights. The view that seems most probably true at
present is that while hydrogen and helium may be the
ultimate constituents of matter in the Proutian sense,
and the atomic weights therefore approximate mul-
tiples of that of hydrogen, small deviations, such as
exist between the atomic weights of these two con-
stituent elements themselves, may be due to the
manner in which the atom is constituted, in accordance
with the principle of mutual electromagnetic mass,
developed by Silberstein and others.  The electro-
magnetic mass of two charges in juxtaposition would
not be the exact sum of the masses when the charges
are separated. The atomic weight of hydrogen is
1-0078 in terms of that of helium as 3.99, and that the
latter is not exactly four times the former may be
the expression of this effect. Harkins and Wilson
have recently gone into the question with some
thoroughness, and the conclusion of most interest in
the present connection which appears to emerge is in
favour of regarding most of the effect to occur in the
formation of helium from hydrogen, and very little
in subsequent aggregations of the helium. In the
region of the radio-elements, where we have abundant
examples of the expulsion of helium atoms as a par:
ticles, it seems as if we could almost safely neglect
this effect altogether. Thus radium has the atomic
weight almost exactly 226, and the ultimate product
almost exactly 206, showing that in five g- and four
B-ray changes the mean effect is nil, and the atomic
weights are, moreover, integers in terms of oxygen
as 16, or helium 4. [t is true that the atomic weights
of both thorium and uranium are between o1 and o2
greater than exact integers, but it is difficult to be
sure that this difference is real.

When, among the light elements, we come across
a clear case of large departure from an integral value,
such as magnesium, 2432, and chlorine, 3546, we
may reasonably suspect the elements to be a mixture
of isotopes. If this is true for chlorine, it suggests a
most undesirable feature in the modern practice of
determining atomic weights. More and more the one
method has come to be relied upon, the preparation
of the chloride of the element and the comparison
of its weight with that of the silver necessary to com-
bine with the chlorine, and with the weight of the
silver chloride formed.

Almost the only practical method, and that a very
laborious and imperfect one, which may be expected
to resolve a mixture of isotopes is by long-continued
fractional gaseous diffusion, which is likely to be the
more effective the lower the atomic weight, Assume,
for example, that chlorine were a mixture of isotopes of
separate atomic weights 34 and 36, or 35 and 36.
The 34 isotope would diffuse some 3 per cent. faster
than the 36, and the 35 some 1-5 per cent, faster,

The determination of the atomic weight of chlorine
in terms of that of silver has reached now such a
pitch of refinement that it should be able to detect a
difference in the end fractions of the atomic weight
of chlorine, if chlorine or hydrogen chloride were
systematically subjected to diffusion. It is extremely
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desirable that such a test of the homogeneity of this
gas should be made in this way.

Clearly a change must come in this class of work.
It is not of much use starting with stuff out of a
bottle labelled ° purissimum,” or ' garantirt,” and
determining to the highest possible degree of accuracy
the atomic weight of an element of unknown origin.
The great pioneers in the subject, like Berzelius, were
masters of the whole domain of inorganic chemistry,
and knew the sources of the elements in Nature first-
hand. Their successors must revert to their practice
and go direct to Nature for their materials, must
select them carefully with due regard to
what geology teaches as to their age and his-
tory, and, before carrying out a single determination,
they must analyse their actual raw materials com-
pletely, and know exactly what it is they are dealing
with. Much of the work on the atomic weight of
lead from mixed minerals is useless from failure
to do this. Workers must rely more on the agree-
ment, or disagreement, of a great variety of results
by methods and for materials as different as
possible than on the result of a single method
pushed to the limit of refinement for an element pro-
visionally purified by a dealer from quite unknown
materials. The preconceived notion that the results
must necessarily agree if the work is well done must
be replaced by a system of co-operation between the
workers of the world checking each other’s results for
the same material. A year ago anyone bold enough
to publish atomic weight determinations which were
not up to the modern standards of agreement among
themselves would have been regarded as having mis-
taken his vocation. If these wider ideals are pursued,
all the labour that has been lavished in this field, and
which now seems to have been so largely wasted, may
possibly bear fruit, and where the newer methods fail,
far beyond the narrow belt of elements which it is
possible to watch changing, the atomic weight worker
may be able to pick up the threads of the great story.
No doubt it is writ in full in the natural records pre-
served by rock and mineral, and the evidence of the
atomic weights may be able to carry to a triumphant
conclusion the course of elementary evolution, of
which as yet only an isolated chapter has been de-
ciphered.

The Structure of the Atom.

The third line of recent advance which does much
to explain the meaning of isotopes and the periodic
law starts from Sir Ernest Rutherford’s nuclear theory
of the atom, which is an attempt to determine the
nature of atomic structure, which again is the neces.
sary preliminary to the understanding of the third
aspect in which the elements are, or may be, complex.
That uranium and thorium are built up of different
isotopes of lead, helium, and electrons is now an ex-
perimental fact, since they have been proved to change
into these constituents. But the questions how they
are built up, and what is the nature of the non-
radio-active elements, which do not undergo changes,
remain unsolved.

Prof. Bragg showed in 1905 that the a particles
can traverse the atoms of matter in their path almost
as though they were not there. So far as he could
tell—and the statement is still true of the vast majority
of a particles colliding with the atoms of matter—the
a particle ploughs its way straight through, pursuing
a practically rectilinear course, losing slightly in
kinetic energy at each encounter with an atom until
its velocity is reduced to the point at which it can no
longer be detected. From that time the g particle
became, as it were, a messenger that could penetrate
the atom, traverse regions which hitherto had been
bolted and barred from human curiosity, and on re-
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emerging could be questioned, as it was questioned
effectively by Rutherford, with regard to what was
inside. Sir J. J. Thomson, using the electron as the
messenger, had obtained valuable information as to
the number of electrons in the atom, but the massive
material ¢ particle alone can disclose the material
atom. It was found that though the vast majority of
« particles re-emerge from their encounters with the
atoms practically in the same direction as they started,
suffering only slight hither and thither scattering due
to their collisions with the electrons in the atom, a
minute proportion of them suffer very large and abrupt
changes of direction. Some are swung round, emerg-
ing in the opposite to their original direction. The
vast majority, that get through all but undeflected,
have met nothing in their passage save electrons,
8oo0o times lighter than themselves. The few that are
violently swung out of their course must have been
in collision with an exceedingly massive nucleus in
the atom, occupying only an insignificant fraction of
its total volume. The atomie volume is the total
volume swept out by systems of electrons in orbits of
revolution round the nucieus. and beyond these rings
or shells guarding the nucleus it is ordinarily impossible
to penetrate. The nucleus is regarded by Rutherford
as carrying a single concentrated positive charge,
equal and opposite to that of the sum of the electrons.

Chemical phenomena deal almost certainly with the
outermost system of detachable or valency electrons
alone, the loss or gain of which conditions chemical
combining power. Light spectra originate probably
in the same region, though possibly more systems of
electrons than the outermost may contribute, while
the X.rays and vy rays seem to take their rise in a
deep-seated ring or shell around the nucleus. But
mass phenomena, all but an insignificant fraction,
originate in the nucleus.

In the original electrical theory of matter the
whole mass of the atom was atiributed to electrons,
of which there would have been required nearly zooo
times the atomic weight in terms of hydrogen as
unity. With the more definite determination of this
number and the realisation that there were only about
half as many as the number representing the atomic
weight, it was clear that all but an insignificant frac-
tion of the mess of the atom was accounted for. In
the nuclear hypothesis this mass is concentrated in the
exceedingly minate nucleus. The electromagnetic
theory of inertia accounts for the greater mass if the
positive charges that make up the nucleus are very
much more concenitrated than the negative charges
which constitute the separate electrons. The experi-
ments on scattering clearly indicated the existence of
such a concentrated central positive charge, or nucleus,

The mathematical consideration of the results of
a-ray scattering, obtained for a large number of
different elements, and for different velocities of ¢ ray,
gave further evidence that the number of electrons,
and therefore the 4 charge on the nucleus, is about
half the number representing the atomic weight. But
van der Broek, reviving an isolated suggestion from
a former paper full of suggestions on the periodic
law, which were, 1 think, in every other respect at
fault, pointed out that closer agreement with the theory
would be obtained if the number of electrons in the
atom, or the nuclear charge, was the number of the
place the element occupied in the periodic table.
1s now called the atomic number, that of hydrogen
being taken as 1, helium 2, lithium 3, and so
on to the end of the table, uranium g2, as we now
know. For the light elements it is practicalty half
the atomic weight, for the heavy elements rather less
than half.

I pointed out that this accorded well with the law of
radio-active change that had been established to hold
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over the last thirteen places in the periodic table.
This law might be expressed as follows :(—The expul-
sion of the @ particle carrving two positive charges
lowers the atomic number by two, while the expul-
sion of the B particle, carrying a single negative
charge, increases it by one. In ignorance of van der
Broek’s original suggestion, I had, in representing
the generalisation, shown the last thirteen places as
differing unit by unit in the number of electrons
in the atom.

Then followed Moseley's all-embracing advance,
showing how from the wave-lengths of the X-rays,
characteristic of the elements, this conception ex-
plained the whole periodic table. The square roots
of the frequency of the characteristic X-rays are pro-
portional to the atomiec numbers. The total number
of elements existing between uranium and hydrogen
could thus be determined, and it was found to be ninety-
two, only five of the places being vacant. The * excep-
tions” to the periodic law, such as argon and potass-
ium, nicke! and cobalt, tellurium and iodine, in which
an element with higher atomic weight precedes in-
stead of succeeding one with lower, were confirmed by
the determination of the atomic numbers in every
case. From now on, this number, which represents
the + charge on the nucleus rather than the atomic
weight, becomes the natural constant which deter-
mines chemical character, light, and X-ray spectra,
and, in fact, all the properties of matter except those
that depend directly on the nucleus—mass and weight
on one hand, and radio-active properties on the other.

What, then, were the isotopes on this scheme?
Obviously they were elements with the same atomic
number, the same net charge on the nucleus, but
with a differently constituted nucleus. Take the very
ordinary sequence in the disintegration series, one
a and two [ rays being successively expelled in any
order. Two + and two — charges have been ex-
pelled, the net charge of the nucleus remains the
same, the chemical character and spectrum the same
as those of the first parent, but the mass is reduced
four units because a helium atom, or rather nucleus, has
been expelled as an a particle. The mass depends on
the gross number of + charges in the nucleus, chem-
ical properties on the difference between the gross
numbers of 4+ and — charges. But the radio-active
properties depend not only on the gross number of
charges, but on the constitution of the nucleus. We
can have isotopes with identity of atomic weight, as
well as of chernhical character, which are different in
their stability and mode of breaking up. Hence we
can infer that this finer degree of isotopy may also
exist among the stable elements, in which case it
would be completely beyond our present means to
detect.  But when transmutation becomes possible
such a difference would be at once revealed,

The case is not one entirely of academic interest,
because it is probable that the reconciliation of the
conflicting views of the geologists and chemists who
concluded that lead was not the ultimate product of
thorium, and those who by atomic weight determina-
tions on the lead have shown that it is, depends
probably on this point.

As has long been known, thorium-C, an isotope of
bismuth, disintegrates dually, For 35 per cent, of
the atoms disintegrating, an o ray is expelled, fol-
Iowed by a B ray. For the remaining 65 per cent.
the B ray is first expelled, and is followed by the « ray.
The two products are both isotopes of lead, and
both have the same atomic weight, but they are not
the same. More energy is expelled in the changes
of the 65 per cent, fraction than im those of the
35 per cent. Unless they are both completely stable
a difference of period of change is to be anticipated.

The same thing is true for radium-C, though here all
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but a very minute proportion of the atoms disintegrat.
ing follow the mode followed by the 65 per cent.
in the case of thorium-C. The product in this case,
radium-D, which, of course, is also an isotope of lead,
with atomic weight 210, is nof permanently stable,
though it has a fairly long period, twenty-four years.
The other product is not known to change further,
but then, even if it did, it is in such small quantity
that it is doubtful whether the change would have
been detected. But, so far as is known, it forms a
stable isotope of lead of atomic weight 210, formed
in the proportion of only 003 per cent. of the whole.

Now the atomic weight evidence merely shows that
one of the two isotopes of lead formed from thorium
is stable enough to accumulate over geological epochs,
and it does not necessarily follow that both are. Dr.
Arthur Holmes has pointed out to me that the
analysis 1 gave of the Ceylon thorite leads to a curi-
ously anomalous value for the age of the mineral.
The quantity of thorium lead per gram of thorium
is o006z, and this, divided by the rate at which the
lead is being produced, 4%z x10-!* grams of lead per
gram of thorium per year, gives the age as 131 million
years, But a Ceylon pitchblende, with wuranium
72-88 per cent., and lead 465 per cent., and ratic of
lead to uranium as o0-064, zives the age as 512 million
years. Dr. Holmes regards the two minerals as
likely to be of the same age, and the pitchblende to
be, of all the Ceylon results, the one most trustworthy
for age measurement,

If we suppose that, as in the case of radium-D,
the 65 per cent. isotope of lead derived from thorium
is not stable, and that nnly the 35 per cent. isotope
accumulates, the age of the mineral would be 375
million years, which the geologists are likely to con-
sider much nearer the truth. But the most in-
teresting point is that, if we take the atomic weight
of the lead isotope derived from uranium as 206-0,
and that derived from thorium as 2080, and calculate
the atomic weight of the lead in Ceylon thorite,
assuming it to consist entirely of uranium lead and
of only the 35 per cent. isotope from thorium, we get
the value 2074, which is exactly what I found from
the density, and what Prof. Hénigschmid determined
(207-77) (compare NATURE, May 24, p. 244}.

The question remains: If this is what occurs, what
does this unstable lead change into? If an a particle
were expelled mercury would result, or if a 8 particle
bismuth, two elements of which 1 could find no trace
in the lead group separated from the whole 20 kilos of
mineral. But if an & and a B particle were both
expelled, the product would be thalllum, which is
present in amount small, but sufficient for chemical
as well as spectroscopic characterisation. If the pro-
cess of disintegration does proceed as suggested, it
should be possible to trace it, for this particular lead
should give a feeble specific ¢ or B radiation, in addi-
tion, of course, to that due to other lead isotopes.
So far it has not been possible to test this. In the
meantime, the explanation offered is put forward pro-
visionally as being consistent with all the known
evidence.

Looking for a moment, in conclusion, at the broader
aspects of the new ideas of atomic structure, it seems
that though a sound basis for further development
has been roughed out, almost all the detail remains
to be supplied. We have got to know the nucleus,
but, beyond the fact that it is constituted, in heavy

atoms, of nuclei of helium and electrons, nothing
is known; whilst, as regards the separate
shells or rings of electrons which neutralise

its charge and are supposed to surround it like
the shells of an onion, we really know nothing yet at
all.
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The original explanation, in terms of the elec- ;

tron, of the periodicity
by the elements still remains all that bas been at-
tempted. We may suppose that as we pass through
the successive elements in the table one more electron
is added to the outermost ring for each umit increase
in the charge on the nucleus, or atomic numnber, and
that when a certain number, 8 in the early part of the
table, and 18 in the later, has been added, a complete
new shell or ring forms, which no longer participates
directly in the chemical activities of the atom. Thanks,
however, to Moseley's work, this, now, is not suffi-
ciently precise. For we know the exact number of
the elements and the various atomic numbers at
which the remarkable changes, in the nature of the
periodicity displayed, occur. Any real knowledge in
this field will account not only for the two short
initial periods, but also for the curious double periodi-
city later on, in which the abrupt changes of pro-
perties in the neighbourhood of the zero family alter-
nate with the gradual changes in the neighbourhood
of the eighth groups. The extracrdinary exception to
the principle of the whole scheme presented by the
rare-earth elements remains a complete enigma, none
the less impressive because, beyond them in the table,
the normal course is again resumed and continues to
the end. This latter, highly significant, feature of the
periodic table is on of the definite conclusions follow-
ing from the chemical characterisations of the
numerous radio-elements.

of properties displayed

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

Loxpon.—Mr. C. O. Blagden has been appointed
as from September 1 next to the new University
readership in Malay, tenable at the School of Oriental
Studies.

The cordial thanks of the Senate have been voted
to Sir Ratan Tata for a further donation of 1400l a
vear for five years in continuation of his previous
benefaction for the promotion of the study of the
principles and methods of preventing and relieving
destitution and poverty. This will be expended on
behalf of the Ratan Tafa Department of Social Science
and Administration in the London School of
Economics, which will be controlled by a joint com-
mittee appointed partly by the Senate and partly by
the school.

The following doctorates in science have been con-
ferred :—D.Sc. in Botany, Miss F. A. Mockeridge,
an internal student, of King’s College, for a thesis
entitled *“ Some Effects of Organic Growth.promoting
Substances (Auximones) on the Soil Organisms con-
cerned in the Nitrogen Cycle.” D.Se. in Geology,
Mr. Arthur Holimes, an internal student, of the Impe-
rial College (Roval College of Science), for a thesis
entitled * Contributions to the Geology of Mozam-
bique.” D.Sc. in Maihematics, Mr. G. N. Watson, an
internal student, of University College, for a thesis
entitled * Various Methods of Approximation, with
Special Reference to Bessel Functions and Gamma
Functions.” D.Se. in Physics, Mr. W. Wilson, an
internal student, of King’s College, for a thesis en-
titled ** The Complete Photo-electric Emission and the

Emission of Electrons from Hot Bodies.”” D.Sc.
in Zoology, Miss K. M. Parker, an internal
student, of University College, for a thesis

entitled “ The Development of the Hypophysis Cerebri,
the Pre-oral Gut, and Related Structures in the Marsu-
pialia.” D.Sc. (Economics), Miss Kate Hotblack, an
internal student, of the London School of Economics,
for a thesis entitled * Chatham’s Colonial Policy.”
Grants have been made out of the Dixon fund for
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