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The North Sea Plaice Investigations.!

I T is unnecessary to point out that the plaice occupies

a unique position in the eyes of the public and
hence of the fishing industry in general. Its southern
limit of range is the English Channel, its depth range
about seventy fathoms, and its ground sand or sandy
mud ; its preference is for a temperature of 60°-70° F.
It necessarily follows that its chief area is the North Sea,
a ground peculiarly important on account of its prox-
imity to centres of population. The annual figures of
catch for this area showed a falling catch up to 1914
with an increase of fishing, and the problem set to
the scientific staff of the Ministry of Agriculture and
Fisheries was to ascertain the facts of this fall in con-
junction with the food, breeding habits, and rate of
growth of the plaice, and with its environment (nature
of the bottom, temperature, salinity, etc.), and, if the fall
should be established, to suggest remedies. The report
before us sums up the whole position, giving the facts
and critically considering the possibility of remedies.
There is really nothing more to be said, only to consider
whether any attempt is to be made to improve the
position or not.

Remedies would necessarily entail some degree of
interference with the utilisation of the chief plaice
grounds of the area, the southern part of the North Sea,
in which the English Ministry is particularly interested,
in a manner which is comparable to ““ stock farming,”
in which the endeavour is to market the maximum
amount of meat per unit area, while, by breeding, keep-
ing up the stock to the maximum number that the land
will carry. Here there can be at present no artificial
growing of fish food, dependence having to be on the
natural supply of animal and free-moving life, which,
of course, must fluctuate with fluctuating physical
conditions. Then, whereas there are only cattle, sheep,
and pigs on a farm, here there are a dozen kinds of fish,
more or less in feeding competition with each other,
the relative values of which in cash and as food must be
determined. The annual production of eggs by each
fish varies to hundreds of thousands, of which from each
fish only a pair must develop to maturity to maintain
the stock. Does it pay to increase the number of
spawning fish so as to get a still larger number of eggs,
or would it be better to kill off a large percentage of
fish before they reach maturity ? Obviously, as there
would be waste of substance in unproductive spawning,
this entailing the utilisation of fish food to no farming
advantage, a reply must be sought in the question as to
what extent plaice may be profitably marketed before
maturity.

1 Ministry of Agriculture and Fisheries. Fishery Investigations, Series II.,
Vol. 7, No. 6, 1924. Report on the English Plaice Investigations in the

North Sea durmg the Years 1921-1923. By J. O. Borley and D. E,
Thursby-Pelham. Pp. 96. (London: H.M. Stationery Office, 1925.) 13s.net
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Fortunately, to most of these questions science has
given answers, as previous reports have shown, but it
remained to determine the results of that most gigantic
experiment, the closure of the North Sea to fishing
vessels during the War, a closure almost complete in the
English area. It is shown in the present report that in
1913, 1920, and 1923 there were 24, 33, and 22 thousands
of tons of plaice landed from English vessels. These
figures point to the conclusion of the experiment, but,
lest the fall to pre-War conditions should be deemed to
be due to less fishing in 1923, the catch per 100 hours’
fishing and per day’s absence from port of first-class
fishing vessels is computed, the weights of plaice per day
caught by a steam trawler in the three years mentioned
being 2:1, 34, and 1-9 cwt. The whole North Sea is
divided up into areas, 1° long. by o'5° lat., and the
figures are worked out for each rectangle in the years
1920 to 1923, and shown in a long series of charts. The
analysis goes, however, much further, and the plaice
caught are divided into large (above 45 cm.), medium
(roughly 34 to 44 cm.), and small (less than 34 cm.), and
the numbers of cwt. of each caught per 100 hours’ fishing
are shown. The breaking up of the area into rectangles
does not agree with depths—these are shown by contour
lines beneath—nature of the bottom, temperature,
currents, etc., but the charts give at a glance an accurate
estimate of the adult and semi-adult plaice population
of the North Sea, the quality of value for human
consumption.

Taking the whole area, a steam trawler in 100 hours’
fishing caught in 1920 approximately 7 cwt. large plaice,
8 cwt. medium, and 3 cwt. small, the corresponding
figures in 1923 being 2, 4, and 7. We should estimate
the food and cash values of the catch in the former year
as at least two and a half times greater than in the
latter, and the result is an appallingly lessened pro-
duction of human food and no living wage for the actual
plaice fishermen. Foreseeing that any remedy pro-
posed would entail interference with a whole industry,
the fullest consideration is given to every figure in a
section of the Report entitled “ Size Composition of the
North Sea Plaice Stock,” extraordinary in the knowledge
summarised and masterly and concise in treatment. It,
in particular, gives the analyses of the results obtained
by a number of sea-going fish measurers, who, sailing in
commercial vessels, measured upwards of 1,200,000
plaice in the five years from 1919 to 1924 ; it annihil-
ates any question of differences between “laboratory
and commercial conditions. Lastly, the relation of
growth to age in the post-War period is determined,
and a full consideration is given to a new post-War
method of fishing by the use of seines on the high
seas. :

Science, having proved beyond a doubt the serious
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depletion of the plaice in the North Sea by the opera-
tions of man, after having made the fullest allowances
for natural seasonal fluctuations, now sets out to suggest
practical measures. The most attractive of these is
transplantation from overstocked to understocked areas,
from coastal grounds to such isolated shoals as the
Dogger Bank, which has a peculiarly high capacity for
supporting plaice. In this connexion the experiments
of Mr. Borley, 1904-8, are now classical. We have,
too, the work of Petersen, an annual profit of 100,000 kr.
since 1908 against an annual expenditure of 5000 kr.,
figures for transplantation in certain Danish territorial
waters and not for the high seas, open ta every nation-
ality. A limit of length, below which no fish could be
marketed, would seem to be simpler, but it would have
to be considerably higher than 22 cm.—the size proposed
before the War by the International Council (this is
about the size now considered unprofitable by English
trawlers), and indeed higher than 25 cm., which was
considered desirable by the Council but not proposed as
a practical measure ; for neither of these limits would
prevent steam trawlers and seiners from visiting the
small plaice grounds and killing vast numbers of tiny
plaice while in search of other fish. A third remedy,
an increase in the size of the net’s mesh, is not prac-
ticable, for the trawl has to catch round as well as flat
fishes.

There remains the formation of reserves, where young
fish would grow to marketable size and whence they
would spread over the whole North Sea, this clearly
being the measure favoured by Messrs. Borley and
Pelham as being most certain and effective. They
clearly prefer complete closure of these reserves to all
classes of fishing—any measure which is the same for all
would -alone appear tolerable to our fishermen—but
partial closure is mentioned. The scientific evidence in
our opinion is conclusive, and we regard the whole
question as now in the hands of the executive to decide
in the first instance whether they will try to do anything
ornot. Ifitisdetermined to make the attempt, Britain
must either, with other countries, enforce a size limit,
which will almost certainly be ineffective, or, better,
endeavour by agreement to close, as a first experiment,
a small area to all fishing vessels. Such a closure would
undoubtedly be attempted, were there a young plaice
ground to the west of the North Sea, near England.
Unfortunately the only experimental closure of value
would have to be on the east side, the difficulties in
respect to which, however, are not insurmountable,
provided the English Minister for Agriculture and
Fisheries has the courage to propose it as a subject of
negotiation between all the countries concerned ; he
will be in a strong position, for all the fishery experts of
these countries are agreed as to its desirability and our
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own fishermen clearly see the necessity for remedial
measures.

It is certain that the continuance of the deple-
tion of the plaice stock of the North Sea will
lead to a complete disorganisation of the steam
trawler industry in its southern part. The owners will
either have to lay up their vessels or shift them to
ports already overcrowded, while the fishermen will
have either to “go on the dole’’ or to push in to some
other part of the industry. It is proved that
the danger is a real and immediate one, and, as such,
it should surely be faced without delay, while
remedial measures are still possible.

J. STANLEY GARDINER.

Faculty Organisation at Cambridge.

HE University Commissioners have published for
information certain draft statutes that they
are considering on the question of faculty organisa-
tion in the University of Cambridge. Among many
points of interest to those who may-be concerned in
adininistering the new scheme, and to those who will
have to live and work under it, a few may be mentioned
in a brief preliminary survey. Two schools are created
for the scientific studies : the School of the Physical
Sciences including the faculties of engineering, mathe-
matics and physics, and chemistry, and the School of
the Biological Sciences including the departments of
anatomy, botany, genetics, geology, parasitology and
zoology, which form one faculty, and the departments
of biochemistry, experimental psychology, pathology
and physiology, which form a second biological faculty.
The remaining faculties, which are not purely literary
or belonging to the fine arts, are economics and politics,
moral science, agriculture, archwology and anthro-
pology, geography and medicine.

The separate faculties consist of the regular teaching
staff working in the faculty. Boards of faculties will
be formed, corresponding to the present special boards
of studies; the duties of the boards of faculties are to
be to provide adequate instruction and facilities for
research in their departments and to arrange the
examinations in their subjects of study. The boards
are to determine the remunerations of the members of
the faculty staffs, but there is no indication in the
draft statutes that they will actually have the power
to handle any funds. This is a very necessary power
in connexion with such matters as departmental
libraries, and provision should be made for it at some
point in the statutes.

The new General Board of Studies is to be a smaller
body than the present one and to consist, in addition
to the vice-chancellor, of four members elected by
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the boards of the literary faculties acting in common,
four members elected by the boards of the scientific
faculties acting in common, and four members of the
council elected by the council. A considerable amount
of work is to fall upon the new General Board in
framing and supervising the educational policy of the
University. In dealing with problems affecting a
particular faculty, the General Board may have a
representative of the faculty board present, and in
dealing with matters affecting several faculties it may
get help from the council of a School, the kind of super-
faculty, advocated by Sir Joseph Larmor and others,
for which arrangements have been made in the scientific
schools mentioned above. i
Amongst clauses of interest in the proposed new
statutes on the University teaching officers, we may
mention the general adoption of the federated super-
annuation scheme for universities and arrangements
for a sabbatical year—one term’s freedom from duty
for every six terms during which an officer has dis-
charged the duties of a teaching officer. The question
of stipend during an absence ot not more than a year
is left undecided, perhaps necessarily so. Another
important point is that women are to be eligible for all

teaching offices in the University. Here, presumably,

restrictions will have to be imposed in such cases as
thut of a divinity professorship carrying with it a
canonry at Ely. The basic amount of teaching for
University lecturers and demonstrators is also laid
down, and a minimum is fixed for the basic rate of
pay. The amount of teaching that a University
lecturer may give on behalf of a college in the way of
supervision is limited, and the permission of the General
Board has to be obtained for any other teaching given
in full term by the lecturer.

In the attempt to separate the recognised lecturer
from the private coach, and to limit the amount
of teaching that the lecturer may give, there is
presumably a desire to keep the lecturer free to
carry on research. With this desire general sym-
pathy must be felt. It is obvious, however, that
this part of the scheme can only work satisfac-
torily if the financial side is also capable of satis-
factory adjustment. It will want very careful handling
and very careful watching if the University is to steer
clear of the danger ot driving an impecunious, young,
but successful teacher out of its official ranks. Close
co-operation of the General Board of the faculties
with the faculty boards and with the college councils
will be very necessary here. The question must
be largely a financial one, and full consideration of
it must be deferred until the financial side of the
faculty organisation has been developed and made
available.
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The Founders of American Geology
and their Work. ;
The First One Hundred Years of American Geology.
By George P. Merrill. Pp. xxi+773+36 plates.
(New Haven: Yale University Press; London :
Oxford University Press, 1924.) 27s. 6d. net.

R. MERRILL has spared no trouble in collect-
ing material for this history. The imaginings
of the earliest speculators on the history of the
earth, and sketches of their lives and characters, are
presented almost too liberally, so far as regards. the
first eight chapters of the book. I trust that I shall
not appear ungrateful if I say that these chapters
leave me with a feeling of bewilderment. The geological
paragraphs, in themselves disconnected, are mixed up
with biographical matter, while the biographical informa-
tion, scattered here, there, and anywhere, fails to convey
a clear idea of what any one man was thinking at any
one time. Obviously a strictly chronological arrange-
ment was impossible, for episodes in the development
of geology overlap indefinitely, nor did one geologist
wait for the death of another before beginning to
publish. Nevertheless, if the author, in developing
his theme, had concentrated either on the growth of
geology, or on the biographies, his work would have
had less the appearance of having been made up of
extracts from a notebook.

Chapters ix. to xv., on the other hand, are good
examples of historical treatment. Each is devoted to
the discussion of some one of the great problems which
have exercised the minds of American geologists. The
various stages from the initiation of the problem to
the solution as accepted to-day are clearly set out, and
the comparative progress made in Europe and America
can be realised.

The biographical notices, nevertheless, are full of
interest. Aided by numerous portraits, they enable
us to realise what manner of men they were who
founded American geology. One is struck at once by
the diversity of professions from which the lure of the
rocks drew geologists, early and late, in the United
States as in Europe. Lawyers, doctors, ministers,
engineers, soldiers, politicians, business men, dentists,
all contributed. We are deeply impressed, too, by the
immensity of the field that awaited exploration by
these men. Physical features and geological agencies
presented themselves with a grandeur and on a scale
for which there is no room in Europe. The effect of
such an environment is apparent. American geologists
distinguished themselves, as we learn on p. 663, “in
studies tending towards the solution of, first, the
fundamental problems of continental uplift and de-
pression as made by Dana ; second, in those relating
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to the physics and structure of mountain ranges, made
by Rogers brothers, le Conte, and Dana; third, in
those relating to glaciers and glaciation by Agassiz and
the elder Hitchcock, and later by Chamberlin ; fourth,
in those relating to isostasy and physiography, made
by Dutton, Gilbert, and Powell in the arid regions ;
and fifth, in those relating to vertebrate evolution,
made by Leidy, Cope, and Marsh.”  As regards glacia-
tion, however, it should be remembered that Agassiz
laid the foundations of his theories in Switzerland, the
country of his birth, though he further developed them
after his transference to the United States.

The book opens with an account of the Maclurean
Era, 1785-1819. Maclure, “the William Smith of
America,” was born in Scotland in 1763. He made a
fortune in business and, after travelling extensively in
the Old World, he settled in the United States. There
he not only became a liberal patron of science, but also
by his own personal exertions in the field, often under
extreme privation, he collected sufficient material to
enable him to publish the first geological map of
America in 1809.

During this era, progress lay chiefly in the hands of
men engaged in the so-called learned professions.
Mostly self-trained and hampered by the mental atti-
tude of the times, these men were faced by a pathless
wilderness of vast extent, inhabited, if at all, by more
or less hostile Indians. Observations in the field and
the collecting of facts were therefore matters of extra-
ordinary difficulty, but speculations on such phenomena
as earthquakes and volcanoes, on the origin of glacial
drift, on the structure of the globe and other inviting
objects, were not lacking. Maclure, as regards his own
views, summed up the matter: “All these specula-
tions . . . can be accounted only as an amusement at
present.” Men’s minds, moreover, were dominated by
the belief that the Noachian deluge was a world-wide
catastrophe, and that the Scriptural narration of the
creation must be taken literally. Thus the bones of a
mammoth found at Albany in 1705 clearly corroborated
the Scriptural account of a race of antediluvian giants.
One may smile at the crudeness of these early specula-
tions, but these men had the sagacity to realise what
is not realised by the majority even now, that there
were things in the world around them that could be,
and ought to be, explained. Yet one almost fears that
the author may have been more conscientious than
kind in rescuing some of the crudest theorisings from
their decent oblivion.

In 1802, when Silliman was appointed professor of
chemistry and natural science in Yale, no science was
taught in the United States or England. He had some
acquaintance with law but none whatever with science,
and thus found himself in somewhat the same position
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as Sedgwick when he became professor of geology at
Cambridge.. Yet he did more by his teaching than any
other man of his day to advance the science of geology.
His name is best remembered by his American Journal
of Science, founded in 1818 and still continuing. But
he made some sagacious observations, such, for example,
as his terse description of East Rock, New Haven, as
a rock that had been melted and ejected among the
superior strata; but never erupted like lava. Its
form he attributed to erosion. Silliman’s Journal was
largely concerned with geology, and he resented the
rivalry of the Monthly American Journal of Geology
founded by Featherstonehaugh. The monthly journal,
though warmly blessed by Murchison, Conybeare,
Sedgwick, Buckland, and Greenough, had but a
short life.

The origin of basalt was still being keenly debated
in 1816. The Neptunists proved its aqueous origin
and the Plutonists its igneous origin, each to their own
complete satisfaction. In 1816, Emmons gave up his
practice as a doctor and took a post on the Geological
Survey of New York. Thence arose the great Taconic
controversy, a battle royal that led to the shedding of
as much ink as any of our controversies in Britain. It
will be noticed later on.

Chapter ii. deals with the Eatonian Era, 1820-29.
Amos Eaton gave up the law in 1816, when he was
forty, and attended lectures by Silliman. Thereafter
he travelled thousands of miles, lecturing on natural
history and rousing ““uncontrollable enthusiasm.” He
considered ‘‘ nothing in geology entitled to much
confidence, which is purely theoretical,” but was not
deterred thereby from accounting for the elevation of
the continent by a great explosion which rent the crust
of the earth in a north and south direction. His great
work was the “ Index to the Geology of the Northern
States,” first published in 1818. In 1820 he brought
out a second edition, in which many of his earlier
opinions were re-stated in his customary emphatic
manner. He was a man of forceful character, as might
be judged by the portrait forming Plate V.

Scientific methods were now developing. The value
of fossils for purposes of correlation, as taught by
Cuvier and Brongniart, was being realised, and was
tested on the Atlantic Coast Tertiary deposits, hitherto
mostly lumped together as alluvium. The igneous
origin of trap was adopted from Hutton, Playfair, and
Daubeny. Vet at this same time Silliman calculated
that the Noachian flood must have risen in America at
the rate of 700 feet in 24 hours, on the assumption that
the mountains were about 53 miles high and were sub-
merged by 40 days’ rain, with the help of a deluge from
the bowels of the earth. The flood proved fatal to
the Siberian mammoth and did much other damage.
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Silliman, as Huxley put it, wrote “ with one eye on
fact, the other on Genesis.”

Chapter iii. introduces the first of five decades of
State Surveys, and deals with the years 1830-39.
Eaton produced a text-book early in this period, and
still strove to harmonise all phenomena with the
Biblical account. Sixteen State Surveys were founded,
nine of them in the years 1836—40. The number of
State Surveys founded in the five decades may surprise
British geologists, but it must be remembered that
though some of the pioneers had had the intrepidity
to attack the wild alone, organised bands of independent
resources and capable of self-defence were essential.
The object appears generally to have been the exploiting
of rocks and minerals of economic value.

During the second decade, 1840-49, geology found
a place in educational curricula. The Society of
American Naturalists and Geologists was formed in
1847, but was afterwards merged in the American
Association for the Advancement of Science, at the
first meeting of which geologists took a prominent
part. It may be noted that the Geological Society of
London had been founded in 1807, and readerships in
geology at Oxford and Cambridge in 1813 and 1808
respectively. During the decade much progress was
made in the recognition in the United States of the
principal formations of Europe. The interpretation of
the structure of the Appalachian Chain by the two
Rogers was a notable achievement. In the final report
(not published until 1858), H. D. Rogers distinguished
hypozoic, azoic, and paleozoic, and divided the last into
formations named after the period of a day, such as
auroral, vespertine, etc., but the European names,
Cambrian and Silurian, were preferred. He also
enunciated his well-known views on the formation of
coal and anthracite, but above all he described what
is now known as the ‘ overthrust fault.” James
Hall’s views on paleontology at this time are worth
recording. ‘‘ Changes in the lithological features of a
rock . . . are usually accompanied by a greater or
less change in the nature of the fossils. In no-case,
therefore, are to be overlooked either of the three
important facts and characters, viz., lithological
character, order of superposition, and nature of
contained fossils.” He is credited with having written
not less than 10,000 pages, and either this or something
in his methods roused the antagonism of nearly every
paleontologist in America. Dana began to publish
in this decade.

The third decade (1850-59) was marked by financial
depression and starvation of State Surveys. It was
notable for a report by Evans on the Bad Lands,
previously almost unexplored. In the vast labyrinth
of defiles the bones of extinct animals lay in profusion.

- 2B T



974

NATURE

[Juxe 27, 1923

Leidy’s description of Evans’s specimens was the first
systematic account of the world-famed Bad Lands
fossils. Emmons, Dawson, and Hitchcock were publish-
ing in the United States ; Murchison was bringing out
“ Siluria,” and Lyell his gth edition of the “ Principles,”
in Europe.

In the earlier part of the fourth decade (1860-69) the
Civil War temporarily stopped work, but State Surveys
were resumed in 1864. Dana’s “Manual” appeared
during this decade. In 1859 petroleum had been
found in a well at Titusville. Sterry Hunt pointed
out that petroleum by virtue of its lightness would be
found in the crests of anticlinals, a guiding principle in
the search for oil to-day. The fifth decade brought
further developments in natural gas and oil. Marsh,
at his own expense, collected vertebrates in the
Western States, among these the remains of toothed
birds and extraordinary dinosaurians. Stevenson
wrote on the Alleghanies and the origin of coal.
Chamberlin, dissatisfied with petrological nomenclature,
proposed abbreviations, such as gua for quartz, fel for
felspar, mi for mica. Thus a mica-granite became
Jel-qua-mi or mi-fel-qua according to the predominance
of the constituents. The names were rejected as
uncouth, but for sheer monstrosity it would be hard
to beat some of the latest names, such as phyrowyo-
mingose or hornblende-trach-phyro-monzonose.

The second Survey of Pennsylvania in 1874-87 under
Lesley emphasised the magnificence of the structures
and the great development of Pal@ozoic rocks in that
part of the United States. Lesley, who was outspoken,
referring in one of his reports to the chaos that must
have prevailed in earliest Archzan times, remarked,
“All this . . . is only known to God and Dr. Sterry
Hunt, who has described it magnificently.”

Chapter viii., dealing with the era of National
Survey, opens with words that appeal warmly to us,
with the War fresh in our memories. ¢ The period of
the Civil War had brought to light a considerable
number of men for whom the piping times of peace

. afforded insufficient opportunities. They were
men in whom the times had developed a power of
organisation and command. They were, moreover,
men of great physical and moral courage.” This was
the material Hayden found available for his territorial
surveys, King for his survey of the goth parallel,
Powell for his exploration of the Rocky Mountains, and
Wheeler for his work west of the 1ooth meridian. The
expense, however, of keeping so many separate surveys
in progress, with inevitable overlapping, impressed on
Congress the necessity for consolidation. In 1879
the United States Geological Survey was founded, a
service whichis unsurpassed for organisation, efficiency,
and wideness of scope.
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The controversies on fossil footprints and on Logan’s
Eozoon form the substance of Chapters ix. and x.

Chapter xi. gives the history of the Laramie Question.
The Lignitic beds of Hayden, which occupy vast areas,
yielded Tertiary plants and Cretaceous dinosaurs.
Thus rose a dispute as to the relative value of plants
and animals for purposes of correlation. It was pointed
out that Cretaceous rocks in Nebraska yielded a flora
that had been referred to the Miocene, and again it was
suggested that the evolution of plants had been more
rapid in America than in Europe, and that this ex-
plained the association of European Tertiary plants
with American Cretaceous animals. Eventually the
name Laramie was restricted to certain beds which
were agreed to be Upper Cretaceous.

The Taconic Question, to which Chapter xii. is
devoted, occupied men’s minds for half a century, and
covered the period of the Sedgwick-Murchison contro-
versy on the same formations. Emmons founded the
“Taconic System ”’ and declared it to be older than the
Potsdam Sandstone. Others disagreed, but Barrande,
on the strength of the trilobites, though without know-
ing the ground, supported Emmons. Dana and
Walcott eventually established the true sequence,
which had been completely obscured by faults
and folds. The ‘ Taconic” of 1842 was distributed
among the Lower Cambrian and Lower Silurian
of 1903.

Chapter xiii. gives an account of the development
of glacial theories. They commence with talk of
convulsions, earthquakes, eruptions, etc. Then the
Noachian flood was called in to account for everything.
But in 1825 Peter Dobson, a cotton manufacturer,
made some truly remarkable observations. He noticed
that the boulders had been worn smooth and striated
on their under sides, as though they had been dragged
in one steady position, and he assumed that they had
been held and dragged in ice. He could tell also which
end had been foremost by the little ridge extending
behind any projecting knob of hard material such
as quartz. These brilliant deductions attracted no
attention until 1842, when Murchison congratulated
“ American science in having possessed the original
author of the best glacial theory.” The greatest
advance, however, was due to Agassiz, who arrived in
America in 1846 and there developed the views he had
formed in Switzerland.

Chapter xiv. relates how the method of micro-
petrology as initiated by Sorby and developed by
Zirkel, was adopted in America in 1873 and becameé
officially recognised as a necessary part of the equip-
ment of a State Geologist.

Chapter xv. on the age of the earth deals with the
estimates made by Hutton, Lyell, Playfair, Reade, and
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G. H. Darwin in Britain and those of Winchell, Walcott,
King, and Gilbert in America. The American estimates
varied greatly, but were all far smaller than those made
in Europe. Burrell in 1917 restored the balance by
an estimate more than three times as large as any
of them.

“In laying down this book an impression remains of
the immense labour which the collecting of such a mass
of material must have entailed. The mass indeed is
too rich for easy digestion and might have been the
better for a little boiling down and arrangement in the
earlier chapters. Still the information is all there,
available for any one who has the leisure to look for it.
The book has been published on the Philip Hamilton
McMillan Memorial Fund, and, as the first fruits of her
bequest, must be a source of gratification to Mrs.

McMillan.
A. STRAHAN.

The Brauner Jubilee Volume.

Recueil des travaux chimiques des Pays-Bas. Publié par
la Société Chimique Néerlandaise. Tome 44 (4° Série,
T. 6), No. 5, Mai. Numéro jubilaire en I'honneur
du Professeur Bohuslav Brauner, publié par ses amis
el ¢leves en commémoration de son 70° anniversaire,
1855—8 Mai—r925. Pp. 281-628. (Amsterdam :
S.A. d’Editions scientifiques D. B. Centen, 1925.)

N UMEROUS friends and pupils of Prof. Bohuslav
Brauner, the illustrious Director of the Chemical
Institute of the Charles University of Prague, have
signalised his seventieth birthday by issuing this
splendid volume of researches in his honour. It opens
with a most delightful “Hommage au Professeur
Bohuslay Brauner ” written by Prof. Urbain and
entitled ““ Discours sur les éléments chimiques et les
atomes.” In this brilliant essay, the author, in tracing
the development of scientific research concerning the
chemical elements and the nature of the atoms, shows
the fundamental character of Prof. Brauner’s work in
the fields of the rare earths, the atomic weights, and
the Periodic System of Mendeléeff. Whilst every one
is familiar with Prof. Brauner’s long and splendid
. series of researches on the atomic weights, it is well
that the younger chemists of the present generation
should be reminded of the fact that he it was who
discovered that the old “ didymium ” was in reality a
mixture of two elements, neodymium and praseo-
dymium,

The present volume bears ample witness, to the
fact that Prof. Brauner has done much more than
greatly to advance the science of chemistry by his
own researches. He has created and built up a great
school of chemical research in the land of the Czechs:
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On the cover of this Jubilee volume there is a picture
of the fine Chemical Institute which was founded by
his efforts in 19o3, whilst the 348 pages contained
between the covers include a large number of very
interesting researches carried out by his present and
former pupils. Although it may appear perhaps a
little invidious to single out any of these for special
praise, attention may be directed to the series of ten
investigations with the dropping mercury cathode,
published by Dr. Heyrovsky (professor of physical
chemistry in the Institute of Prof. Brauner) and his
collaborators.

Amongst the papers contributed by foreign chemists,
one is very glad to see that there are two from England,
namely, Prof. H. B. Dixon’s investigation on ‘ The
Ignition of Carbon Disulphide Vapour and its Phos-
phorescent Flame,” and a paper by Dr. J. G. F.
Druce on “The Stannonic Acids and Some of Their
Derivatives. A New Series of Organic Compounds of
Tin.”

On his impending retirement from the active direc-
tion of the Chemical Institute at Prague, Prof. Brauner
will carry with him not only the affection and esteem
of his many pupils, but also the highest respect and
admiration of chemists all over the world. For upwards
of half a century he has held high the torch of science
and true learning, and in the annals of chemistry his
name and his work will ever be remembered with honour

and gratitude.
F. G. DoNNAN.

British Butterflies.

Natural History of British Buitterflies: a Complete,
Original, Descriptive Account of the Life-History of
every Species occurring in the British Islands, together
with their Habits, Time of Appearance, and Localities.
By F. W. Frohawk. Vol. 1. Pp. xv+207+36
plates. Vol.2. Pp.iv+206+ 29 plates. (London :
Hutchinson and Co., 1924.) 6L. 6s. net.

R. FROHAWK is well known to naturalists as

an admirable delineator and accurate observer

of British lepidoptera in all their stages. The present
work amply fulfils the expectations of those who knew
that the author was engaged upon the task of describing
and figuring every British butterfly in all its phases
from egg to imago. The work may fitly be termed
monumental ; for it represents an immense amount of
patient labour carried on through a long series of years,
and accomplishes what has never been attempted
before, namely, a complete life-history of every species
of butterfly that has any claim to be considered. British.
The ground has been partly covered by the works of
Barrett, Buckler, and others, but never before has
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the assemblage been figured and described as a
whole.

The most characteristic feature of Mr. Frohawk’s
two splendid volumes is the exact and careful descrip-
tion of each larval form in every period of its growth.
These details have in all cases been worked out from
actual living specimens, and the amount of labour
involved in the completion of this task can only be fully
appreciated by those who have experimented in the same
field. In the case of species that are now extinct in
Britain,such as Chrysophanus hippothoe and Zizera semi-
argus,or of occasional visitors such as “ Pieris” daplidice,
Argynnis lathonia, V anessaantiopa,and Anosia archippus

* (plexippus), Mr. Frohawk has made use of eggs laid by
females obtained from abroad. In spite of all diffi-
culties, the industry and skill of the author have proved
equal to the enterprise of describing and figuring, in
all these instances, every stage from egg to perfect
insect.

It is well known to all students of the lepidoptera
that the life-history of the “ Large Blue ” (Nomiades
arion) was a mystery which eluded solution by the
efforts of every entomologist until the successive
discoveries of Mr. Frohawk, the late Dr. Chapman, and
Captain Purefoy furnished the key to the puzzle, namely,
the extraordinary relations that exist between the larval
arion and certain species of ant. Of this association an
excellent account is given on pp. 144-149 of the present
work, and a striking figure, sketched from life, of the
larva signalling to the ant when ready to be carried off
to the nest of the latter, is provided on a separate plate.
It is noteworthy that German larvee of C. hippothoe
kept out of doors in England were visited by ants.
Many points of bionomic interest in connexion with
other species are mentioned in the text.

The artistic skill of the author is well known, and his
beautiful drawings have been, on the whole, worthily
reproduced. It may, however, be doubted whether
the colour-process adopted is the most suitable that
could have been chosen for:representing very young
larvee of the natural size. Wing-venation also, in the
case of small insects, requires a sharper definition than
is to be found in some of the illustrations, e.g. on
Plates 56 and 56A.

The style and get-up of these volumes is in the main
excellent. A few slips may, be noted: fig. 23 on
Plate 12 has no legend ; fig. 15 on Plate 37, called a
female, must be a male; the “ Mazarine Blue” is
spoken of as Lycaena acis on p. x, and as Zizera semi-
argus on p. xi. An appreciative preface to this fine
work has been contributed by Lord Rothschild, whose
generous co-operation and continued encouragement

_are gratefully acknowledged by the author.

105 /50 DX

NO. 2904, VOL. I15]

Our Bookshelf.

Handbuch der Pflanzenanatomie. Herausgegeben von
Prof. K. Linsbauer. Allgemeiner Teil : Cytologie.
Band III/2: Die Zellmembran. Von Prof. Dr. C.
van Wisselingh. Pp. viii+266. (Berlin : Gebriider
Borntraeger, 1924.) 15 gold marks.

Botanists will welcome a general survey on the plant
cell membrane from the pen of the Groningen veteran,
Prof. C. van Wisselingh. Inequalities of treatment
certainly suggest themselves to the English reader
when the chemistry of cellulose is handled without
citation of Irvine and its physical structure discussed
without reference to W. L. Balls (one recent paper is
quoted in the appendix) ; but there is very real com-
pensation ‘in the individual treatment the problems
of the cell wall here receive from the viewpoint of a
master of micro-chemical method, who avails himself
when necessary of the results of as yet unpublished
researches.

The usual plan followed in the monograph is a pre-
liminary account of the chemistry of a wall substance,
followed by a discussion of its distribution in the cell wall
throughout the plant kingdom. As would be expected
from the author, the treatment of suberin and chitin
is particularly complete, but it is doubtful whether the
reactions of the lignified wall have ever been so fully
stated before, and the section upon the chemistry
of the pectin substances is very full and up-to-date.

Mangin regarded cellulose, pectin, and callose as the
three fundamental substances of the plant wall ; the
importance of pectin is now fully admitted, but van
Wisselingh considers that the case for the identity of
callose has yet to be made out. For all fat impreg-
nated walls the author reports a new micro-chemical
method. Sections are warmed in baryta water for
some hours, so that baryta soaps are formed ; acids
are then released from these and the melting-points
of the acids observed with the sections mounted in °
glycerine.

The section upon the structure and growth of the cell
wall is entirely inadequate as a bibliographic treatment,
but contains a most interesting statement of the author’s
own views, in which stress is laid upon the chemical
heterogeneity of the wall and the possibility of its
micro-chemical demonstration.

Sturly. By Pierre Custot. Translated from the French
by Richard Aldington. Pp. 127. (London : Jona-
than Cape, Ltd., 1924.) 5s. net.

THE zoologist does not need the aid of a poetic imagina-
tion to appreciate the wonderful panorama of mariné
life with its hosts of interesting phenomena and many
absorbing problems. Vet it is not surprising that these
things should have stirred the imagination of a man of
letters and moved him toweave this delightful phantasy,
with a sturgeon as the central figure, and the world of
marine zoology as the setting. M. Custot has rqad
widely and well, and has supplemented his extensive
reading by constant observation of marine animals i
the aquaria at Monaco. Sturly, the hero of this fairy
tale, is a young sturgeon, born in the waters of the
Rhéne, whose life, from the time of his enthusiastiC
and unsophisticated youth to the crowning act of
reproduction, is charmingly told.
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His adventures among the denizens of the seas during
his migratory periods, his impressions of the beauty of
form and colour, the phenomena of symbiosis, com-
mensalism and parasitism, the phosphorescence of the
deep sea animals, the bizarre form of others and the
art of protective resemblance are made the means of
introducing the reader to a survey of the whole field of
marine life, pelagic, littoral and deep sea. Sturly, under
the guidance of a hoary, wise, old Echinus, sets out to
probe the mystery and meaning of life, and the steady
development of his education to a realisation of that
inexorable law of Nature, reproduction of the kind,
forms the real theme of the book.

The bitterness produced by the results of his search
are removed by the advent of death when a voice from
another world soothes his last hours in this, by a promise
of a reincarnation and a fuller life in the next. Thus
does Sturly solve the meaning of life. We can forgive
the author a few minor zoological errors such as the
occurrence of Convoluta at roo fm., the presence of
Melia tessellata in the Mediterranean, and the description
of a copepod as a wood-louse, in the real charm and
simplicity of his allegory. The book was worth trans-
lating, and Mr. Aldington has done his work well in face
of the many technical difficulties involved in finding the
right English equivalent for the many unusual names of
animals in the original. The book should stir the

reader to a desire for an extended knowledge of marine
life.

British Museum (Natural History). Fossil Insects,
No. 1: The British Liassic Dragon-flies (Odonata).
By Dr. R. J. Tillyard. Pp. 40+5 plates. Fossil
Insects, No. 2 : Insects from the Coal Measures of
Commentry. By Dr. Herbert Bolton. Pp. 56+3
plates. (London : British Museum (Natural History),
1925.) 5s. each.

THESE memoirs mark a new departure in the publica-
tions of the British Museum. Instead of waiting for
the time when it would be possible to issue a descriptive
catalogue of the entire collection of fossil insects, it has
been decided to publish shorter memoirs on portions of
the collection whenever specialists can be found to
undertake the work. The first two memoirs of the
series are written by paleontologists not officially con-
nected with the Museum.

The dragon-flies described by Dr. Tillyard are from
the Lias of Leicestershire, Warwickshire, Worcester-
shire, and Gloucestershire—mainly from the ‘ Insect
Limestone ” of Lower Liassic or perhaps in part of
Rhetic age. The larger number of the specimens were
collected by the late Rev. P. B. Brodie. Nearly all the
species belong to the sub-order Anisozygoptera, which at
the present day is represented by a single genus with two
species, one found in Japan, the other in the Himalayas.

The Coal Measures of Commentry in the central
plateau of France have yielded an abundant and varied
insect fauna, ranging from primitive forms to specialised
types regarded as the forerunners of dragon-flies.
Nearly all possessed a great span of wing relatively to
the size of the body. It is pointed out that only very
rarely are two or more insect wings alike in venation—
an indication perhaps of rapid evolution in Carboni-
ferous times. Both memoirs are well illustrated with
plates and text-figures.
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Perseus : or, Of Dragons. By H. F. Scott Stokes.
(To-day and To-morrow Series.) Pp.8o. (London :
Kegan Paul and Co., Ltd., 1924.) 2s. 6d. net.

To any who wish to read pleasurably of dragons, this
book may be commended. The author ranges with a
gossiping humour from Glastonbury to ancient Egypt,
devoting some attention to Perseus, St. George, the
dragons of Rhodes and Bologna, and other dragons of
modern Europe by the way. He begins with a chapter
on the characteristics of dragons, touches upon the folk-
lore themes which occur in dragon stories, such as the
supernatural birth, the life-token, the magic weapon,
and the rescued maiden, and concludes with a summary
of Elliot Smith’s theories of the diffusion of culture
from a common origin. Incidentally to his reference
to the theory that the dragon is a folk-memory of
antediluvian monsters, notwithstanding the chrono-
logical discrepancy, it may be mentioned that it has
been suggested in all seriousness to the present writer
that the long-necked dance masks shown in Capt.
Hurley’s recent film ‘ Pearls and Savages” is a
reminiscence of the plesiosaurus !

Leaves from a Naturalist's Diary : with Notes on What
to Look for Month by Month. By A. R. Horwood.
Pp. 192 +4 plates. (London, Calcutta and Sydney:
G. G. Harrap and Co., Ltd., 1924.) 3s. 6d. net.

Mr. HorwooD has written a nature study book in the
form of a calendar. Interesting or salient points in
Nature’s yearly cycle are dealt with month by month
in separate chapters, and at the end of each chapter
is a list of the more important and commoner animals
and plants to be found in suitable places during that
month. This is the most valuable part of the book,
and Mr. Horwood has in some cases given his mere
list an ecological value by specifying the kind of
habitat in which to look for the species listed. Such
lists cannot be expected to be complete, but as a guide
to the Nature lover they are useful and should also
serve as a basis for a diary in which actual records and
other data can be kept by observers. This brief survey
of the pageant of Nature for a year is pleasantly
written in simple and easy language, and illustrated
by four photographs and many quite life-like sketches
of typical animals and plants.

The Travel Diary of a Philosopher. By Count Her-
mann Keyserling. Translated by J. Holroyd Reece.
Vol. 1. Pp. viii+336. Vol.2. Pp. 405. (London:
Jonathan Cape, Ltd., 1925.) 36s. net.

Count KevsERLING’S reflections on the various modes

in which human speculative thought has found expres-

sion, and his study of the distinctive character which
climate and the aspect of Nature in the different
countries of the world has impressed on man’s religious
and ethical feelings, can now be read by the English
student in an excellent translation. The book is
delightful to read, on account of the extraordinary
power of the author to project himself sympathetically
into the most opposite modes of thought. The pub-
lication of the original work was interrupted by the

War, and that disastrous upheaval, with its outburst

of hatreds, casts its shadow over a philosophy con-

ceived in the spirit of peace on earth among men of
goodwill.
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Letters to the Editor.

[Zhe Editor does not hold himself responsible jfor
opinions expressed by his correspondents.  Neither
can he undertake to return, nor to correspond with
the writers of, rejected manuscripts intended jfor
this or any other part of NATURE. No nolice is
taken of anonymous communications.)

On the generally accepted Explanation of the
Zeeman Triplet on a Quantum Basis.

THE explanation of the simple Zeeman triplet on the
basis of the quantum theory ostensibly depends on the
application of Larmor’s theorem.

This theorem may be expressed as follows :

Suppose a system of electrons describing orbits under
the action of their mutual repulsions combined with
any other forces the directions of which pass through an
axis. Then if the system be subjected to theaction ofa
uniform magnetic field H along that axis, the motion
of the system is such that it may be represented as a
possible motion with H =0 combined with a preces-
sional rotation as a whole around the axis. When the
other forces are central this applies to any direction of
H as axis.

In the usual way of applying this theorem to the
explanation of the Zeeman effect, the tacit assumption *
is made that after the imposition of the magnetic field
the rotating system is the same as before with simply
the rotation superposed. This assumption is not only
incorrect but would also seem open to two further objec-
tions, in that (1) the new orbit ceases to be quantised
and (2) the total energy is supposed to be altered by
the action of a magnetic field on a moving electron.

That the assumed new orbit ceases to be quantised
is easily seen by considering a special case of, say, a
circular orbit with its plane perpendicular to the
magnetic force. The new path is assumed to be un-
changed, but the velocity of the electron to be changed
by the Larmor effect (which of course agrees with that
calculated from the changed radial force Hev). The
orbit therefore ceases to be quantised and the quantum
law is disobeyed.

It would seem that the most natural way to attack
the problem would be by first attempting a discussion
of actual orbits. Unfortunately, however, this shows
that no effect is to be expected—or if so the magnitude
must depend on the square or higher powers of H.
‘We can easily see this by the following considerations
of simple cases.

1. Let us suppose the field is imposed by a very
gradual increase from zero. The orbits of all electrons
will gradually change. As the change is slow we have
an adiabatic process and the new orbits will all remain
quantised if the original were. But the magnetic field
acts transversely on the moving electric charges, and
the total energy will therefore remain unchanged.
There is thus on the quantum theory no Zeeman
effect.

2. Let us suppose the field already constituted and
take the case of a circular orbit round a central force
in a plane perpendicular to the field H. Then with the
usual nomenclature

2 2
mey = 2 +Hewy, W =3ime??— e_, 2mmwr? =nh.
7 7
From the first
g—: = meV(I i@)
7 me
If we mneglect squares of the small quantity
+ He[mw(=x say) we may replace the w in He/me by

1 Larmor (see ¢ Aether and Matter,” p. 343), however, in stating [his
theorem expressly gives a warning against this assumption.
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its value when H =o.

Substituting for « from the
third we find

I 4me*m
v n2h3(1 - %)’
ey I ) 4m2etm i \
e R T | el el A= R T il
i 7’\%1—2’ nzlﬂ(l—x)[%l—x )
_ _2mim 1-2x  2riin
nh® (1-x)%  nhd

neglecting #* . . . But this is Bohr’s value for no
field. As this remains unchanged there is no Zeeman
effect.

EFrom the above considerations it would appear that
the true explanation of the Zeeman effect on the
quantum basis yet remains to be given. Doubtless it
is to the nucleus that we must look for this. Should,
for example, this contain structures analogous to per-
manent magnets a change of energy by an impressed
magnetic force is possible. But it is not the object of
the present note to go into this further question.

W. M. Hicks.

On the reported Kpg, Line in the X-réy Spectra of
Molybdenum and Palladium.

IN a recent publication A. Leide (Compt. vend. 180,
p. 1203 (1925)) hasreported the results of an investiga-
tion of the wave-lengths in the K series of X-rays for
elements having atomic numbers between 29 (copper)
and 53 (iodine). The spectrograph used had a high
resolving power so that the g, line was separated into
its components. The accuracy was increased by a
large number of exposures for each measurement. In
addition to the well-known lines a4, a,, 8;, 8, and y or
Bs, he has reported in the case of molybdenum (42) and
palladium (46), a line B4, ascribed to the transitions
Ou, Om— K.

Such transitions are permitted by the principles of
selection, but transitions from O: to K are prohibited.
The schemes of electron distribution advanced at
present (Bohr, Stoner) place no electrons in the On, Om
sub-levels in the normal states of the molybdenum
and palladium atoms, but these elements lie in a
portion of the periodic table where inner levels are
presumably being filled up as electrons are added,
admittedly making the actual electron distribution
doubtful in the outermost levels. The presence of
this B, line for these atoms would lead to the follow-
ing alternatives : Either the Ou and Om levels contain
electrons before the first 18 electrons have entered the
N shell, or we are here dealing with “ semi-optical "’
X-ray lines, i.e. electron transfers from virtual orbits
only occupied by electrons in atoms excited in the
optical sense. Such orbits would presumably be
greatly distorted in the atoms in a solid substance.
Such semi-optical lines have been previously mentioned
by Siegbahn and his co-workers (Phil. Mag. 49, 513
(1925)).

It has occurred to me that there may be some un-
certainty as to the existence of this line in the K series
spectra of molybdenum and palladium. Recently in
this laboratory, in collaboration with Miss Alice
Armstrong, a rather extensive reinvestigation of the
molybdenum K series spectrum has been carried
out, using an ionisation spectrometer. Some of the
results of this work were reported to the American
Physical Society at its spring (1925) meeting. In
the course of the investigation no evidence was found
for the presence of this $; line described by Leide,
though readings were taken in that region of the
spectrum in which it should occur. In this region,
however, a discontinuity in the white or general
radiation always appeared, due to the absorption by
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the target of its own radiation. This showed itself,
for example, in the first order by the fact that the
base-line due to general radiation was always much
lower on the short wave-length side of the v line than
on its long wave-length side.

This absorption by the target of the radiation which
leaves it has been mentioned by other authors,
including Walter (Zs. f. Physik, 20, p. 268 (1923)).
This effect of the K critical absorption in the target
substance would produce, in spectra of high resolution,
a narrow shelf of constant intensity on the short wave-
length side of the v line, followed by a large decrease
in intensity on the short wave-length side of the
critical absorption wave-length, which is very close
to the v line. It seems possible that such an effect
might be mistaken for a faint line on the short wave-
length side of v, lying between y and the critical
absorption wave-length. The lines reported by Leide
were very faint and the wave-lengths given lie within
0-06 per cent. (about 12 seconds of arc) of the accepted
values for the K critical absorption limits. The K
critical absorption wave-length lies about 45 seconds
of arc from the v line in the first order. Due to the
importance which may be attached to the presence
of this line in molybdenum and palladium, it is to be
hoped that the possibility of confusion on the photo-
graphic plate with the absorption limit itself may be
removed. SAMUEL K. ALLISON.
~ Jefferson Physical Laboratory,

Harvard University,
Cambridge Mass., U.S.A.

A Substitute for a Liquid Air Trap for Mercury
Vapour in Vacuum Systems.

As is well known, the speed and simplicity of the
mercury vapour condensation pump has led to its
almost universal adoption in the production of ex-
tremely high vacua. It suffers from the disadvantage
that, while it rapidly removes gases and vapours from
the vessel to be exhausted, it does not remove mercury
vapour, Consequently, it is necessary to freeze the
mercury vapour in a trap between the pump and
vessel to be exhausted, by immersing the trap in
liquid air. The cost of making liquid air, the difficulty
of getting it in certain laboratories, and, in some
researches, the need for keeping the mercury trap in
action for several weeks without a break, suggested
the desirability of looking for some alternative method.

In our search for an alternative method, we have
found that the alkali metals have an extraordinary
power for absorbing mercury vapour, and may there-
fore be used as a mercury trap in place of liquid air.
Our practice is to put a small piece of sodium or
potassium (a gram is ample) into a trap between
the diffusion pump and the apparatus to be exhausted,
and to distil it, after the vacuum has been obtained,
on to the sides of the trap, thus lining it with the
metal for a few centimetres. The trap may be of
the usual liquid air type, or it may be merely a bent
tube with the metallic lining of distilled metal
l()listributed over the inside surface at and near the

end.

Using an ionisation gauge for the vessel to be
exhausted, we have found that the pressure of mer-
cury vapour in it with a potassium-lined trap between
it and the pump is certainly less than 5 x 10~° mm.
We have made direct comparisons between the
trapping power of a potassium-lined tube and that of
the usual liquid air trap, the same ionisation gauge
measuring the pressure reduction. We have found
that the potassium-lined trap is quite as satisfactory
as liquid air. The residual pressures obtained in
various tests seem to depend entirely upon the vigour
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with which the ionisation gauge and connecting tubes
were outgassed by heat treatment before the measure-
ments were made, and not at all upon whether liquid
air or metallic potassium is used to trap the mercury.
We are convinced that the lowest pressure obtained,
namely, 5 x 10-* mm., is partly, and possibly nearly all,
due to residual gases owing to insufficient heat treat-
ment, and that this figure is merely an upper limit
to the vapour pressure of mercury in a vacuum
system beyond a potassium-lined trap.

The passage of several litres of moderately dry air
at atmospheric pressure over the potassium has no
serious effect on its power to trap mercury vapour,
although one might well have feared such would be
the case from the discoloration of the surface produced
by the air,

From a practical point of view, it is of importance
to know how long the alkali metals retain their power
to act as a mercury vapour barrier. In one test, in
which sodium was the active metal, the pressure in
the ionisation gauge beyond the trap after twenty-
five days was within 50 per cent. of its initial value
(2 x 10-? mm.). We donot know whether to attribute
this slight pressure increase to loss of absorbing
power by the metal, or to gradual evolution of gas.

In a second test, we used the first appearance of
mercury lines in the spectrum of helium, at less than
0-0I mm. pressure, as a criterion of the diminution of
the trapping power of a potassium-lined trap for
mercury vapour. The mercury lines did not appear
until the eleventh week, in which time the potassium
had absorbed a little more than 150 per cent. of its
own weight of mercury.

A full account of this work will be published in
the Philosophical Magazine.

' A. Lr. HUGHES,
F. E. POINDEXTER.
Washington University,
Saint Louis, U.S.A.,
May 18.

The Oogenesis of Lumbricus.

IN a recently published number of the Quarterly
Journal of Microscopical Science, Mr. Leslie Harvey,
of the department of zoology of the Imperial College
of Science, London, has given an account of the
cytoplasmic inclusions of the egg of Lumbricus. Mr.
Harvey describes yolk formation in this animal, and,
on the basis of his work on this one form, criticises
my previous investigations on Limnza, and, by
inference, that of my pupils on certain other forms.
He merely quotes an old paper of mine, remarking a
little discourteously that ‘‘ a glance at this paper will
show that really very little is known about the forma-
tion of yolk.” He has not mentioned my recent work
on Saccocirrus, the only other annelid studied by
modern methods, nor has he read Dr. Rogers Bram-
bell’s more recent paper on ““ Yolk ™ in the British
Journal of Experimental Biology, where the collected
observations of several of my associates are discussed
ably, the molluscan oogenesis re-investigated, and the
general views on yolk-formation held in this laboratory
stated.

Mr. Harvey’s main criticism is that he cannot find
any metamorphosis of Golgi bodies into yolk in
Lumbricus, and that therefore my work on Limnza
and that of my pupils on Patella is under suspicion.
Mr. Harvey puts himself in the position of a man who,
on the strength of a study of the anatomy of
Lumbricus, denies the results of another man who has
found a radula and a shell in Patella. Before entering
into a criticism of my work on Patella, which has been
confirmed and extended by Dr. Ludford and Dr.
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Rogers Brambell, he should have examined that
form itself, or some other such mollusc.

 Regarding the special question of the oogenesis of
Lumbricus, it is remarkable to note that Mr. Harvey
has hit upon one of those rather uncommon animals
that have no proper vitellogenesis. The egg of
Lumbricus has no real yolk, but the embryo is
nourished in the cocoon by some albuminous sub-
stance. It is therefore doubly unfortunate that
Mr. Harvey should discredit my work, and that of
my associates, on the results obtained by the study
of this special atypic annelid. Moreover, had Mr.
Harvey read my results on Saccocirrus, he would
have noted that I did not claim in that animal that
yolk arose from the Golgi elements. Regarding the
origin of yolk from Golgi elements, I may mention
that Dr. P. Weiner, of the histology laboratory of the
University of Leningrad, recently wrote to me that in
Myriapoda and Arachnoidea ‘“he had occasion to
observe the starting of yolk granules in contact with
particles of the Golgi apparatus,’” and in this connexion
some Julus preparations which I have just seen
support Dr. Weiner’s interpretations. Mr. Vishwa
Nath claims that in Lithobius, and Palamneus, fatty
yolk arises from the Golgi elements. In the Julus
preparations of Mr. Vishwa Nath the Golgi elements
of the egg are found to swell up in a specially definite
manner, which is not seen in anything like the same
degree in Lithobius, where both Miss King and Mr.
Vishwa Nath agree that the heavier yolk is nucleolar
in origin.

The complete details of the behaviour of the Golgi
apparatus of the Lumbricus oogonium and oocyte,
and a discussion on the cytoplasmic inclusions in the
eggs of molluscs, annelids, and arthropods, will shortly
be given in a joint paper by Mr. Vishwa Nath and
myself. J. BRONTE GATENBY.

Trinity College, Dublin,

June 4.

Band Spectra of Lead Isotopes.

No satisfactory explanation seems to have been
given as yet of the measurements made by Grebe and
Konen (Grebe and Konen, Phys. Zeits., 22, p. 546
(r921)) on the band spectra of lead isotopes. They
observed that, in the case of uranium lead, the lines
of the band at_4270 showed an average shift to the
violet of 0-055 A, as compared with those of ordinary
lead, and that the lines were much sharper in the
former case than in the latter.

A very satisfactory explanation is obtained if the
carrier of the band is assumed to be, not the heavy
Pb, molecule, but the lighter PbH molecule. The
success of Kratzer (Kratzer, Ann. d. Phys:, 71, p. 70
(1923)) and of Mulliken (Mulliken, Phys. Rev., 25,
Pp. 119, 509 (1925)) in accounting for the bands in
the spectra of certain metals on the assumption of a
hydride  molecule seems to favour the same assump-
tion in the case of lead.

Applying the theory first proposed by ILoomis
(Loomis, Ast. phys. Jour., 52, p. 248 (1920)) to explain
the complex structure of the band spectrum of
hydrogen chloride, one obtains, for the wave-length
difference between the bands of the hydrides of
uranium lead (At. Wt. 206-0) and ordinary lead
(At. Wt. 207-2), :

N1 ( I 1
N 2\206 2072

Since A=4270 A, the expected shift is 0-060 A, a

value in very good agreement with the observations.

The lack of sharpness of the lines in the case of
ordinary lead is of course connected with the fact
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that the atomic weight 2072 is only a statistical
average.

Further, the moment of inertia of the carrier agrees
very well with what we should expect for the PbH
molecule. The frequency of the lines in the band
can be written

v=A4 +2Bm + Cm? e (i)
where m is an integer and

h b X X
Sy c*srz( ])’
J and J’ being the initial and final values of the
moment of inertia of the molecule.

Now the approximate constancy of the frequency
difference between successive lines, combined with
the fact that m is always small for the strongest lines
of a band, shows that the last term in (1) may be
neglected, compared with the second. The mean
frequency difference between successive lines is thus
equal to 2B. Since the mean wave-length difference
is 125 A, we easily obtain, on substituting numerical
values,

i RS Eh
= 4m% . 2B 4mdv

For PbH this gives a distance between nuclei of
22 x 1078 cm. in good agreement with what we should
expect from crystal data. The radius of the Pb
atom, according to the measurements of Owen and:
Preston (Owen and Preston, Proc. Phys. Soc. Lond.,
35, p. 101 (1923)), is 176 x 10-® cm. To obtain the
same moment of inertia with a Pb, molecule we
should have to assume an incredibly small distance
between nuclei.

We may therefore conclude that the carrier of the
lead band at 4270 A is in all probability the PbH
molecule. ETIENNE S. BIELER.

Macdonald Physics Building,
McGill University, Montreal, Canada,
May 15.

=8-0 x T0-40,

Petroleum in Uganda.

My statement, which is quoted in part in NATURE
for May 23, p. 815, in the columns of Research Items,
under the title ““ Petroleum in Uganda,” with reference
to large quantities of oil in the Albertine depression is,
I fear, on account of its separation from the context,
the omission of seven words and the contributor’s
remarks upon it, likely to be misunderstood by those
who have not read my report, and indeed may possibly
deter some from reading the report at all.

I am well aware that the mere occurrence of seep-
ages can never be any criterion of the existence of
recoverable supplies ; but in that part of the report
from which the quotation is taken I am discussing oil
formation, not oil accumulation, upon which successful
exploitation depends. The results of our chlcroform
tests (referred to in the seven words missing from the
quotation) are sufficient to establish the validity of
my general statement as to quantity, quite apart from
seepages : quantity is one thing, a recoverable supply
is another. k

Because more than one British dependency in
Africa is at present trying to decide whether it will or
will not have a geological survey, the contributor's
supposition expressed in the last four lines of the item
under consideration would appear unfortunate. Is it
not wise to be hopeful, and to remember that some rift
valley oil fields are already known ?

E. J. WAYLAND.

M. WAYLAND clearly shows in his excellent report
that petroleum has formed in the Lake Albert depres-
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sion, and I quoted from him to this effect. I con-
sider, however, that neither seepage nor positive
result of chloroform tests constitutes sufficient grounds
on which to discuss  magnitude *’ of such formation,
hence the omission in the quotation of six (not seven)
words concerning these tests does not affect my com-
ment. Regarding future prospects of petroleum de-
velopment in Uganda, I agree with Mr. Wayland that
it is wise to hope, since hope (unlike oil) springs eternal,
but I still feel that the storehouses of petroleum of
which he speaks may prove to be like the famous
cupboard of the nursery rhyme, though this may be
due to my conceptions of the laws governing distribu-
tion of oil within the earth’s crust being somewhat
different from those of Mr. Wayland. On the other
hand, it is to be hoped that those responsible for initi-
- ating geological surveys in British dependencies are
actuated by wider considerations than the possible
chance of finding oil ; there are other natural re-
sources in the world besides petroleum, and this, quite
apart from an obvious scientific motive, should be
adequate economic reason for the governments con-
cerned to follow the good example of Uganda.
Tae WRITER OF THE NOTE.

Paramagnetism and the Electronic Configuration
of the Atom.

IN a recent note! Foéx has directed attention to
the fact that two samples of a paramagnetic salt,
well defined chemically and placed in identical
conditions, can possess very different magnetic
properties, apparently corresponding to distinct
states of the paramagnetic ion in the salt. This
diversity of the magnetic states has been known for
some time for the case of solutions of the salts.?
Thus a concentrated solution of ferrous ammonium
sulphate exists in four states: 26 magnetons with a
positive molecular field, 26-5 without an appreciable
;n(lvlecular field, 27 and 27-5 with a negative molecular
eld.

It now appears that the same salt can exist in
two distinct magnetic states also for the solid
substance, one with 26 magnetons and a positive
molecular field,® and another with 27-5 magnetons
and a scarcely appreciable negative molecular field.*
Similarly, anhydrous cobalt sulphate can exist in
two magnetic states. Thus the measurements of
Théodoridés,® Ishiwara,® and Jackson,” all indicate
one state with 25 magnetons, while Honda and
Ishiwara ® found a variety with 24 magnetons and a
very small positive molecular field.

The differences can scarcely be attributed to
experimental errors or to impurities present in the
salts. It seems highly probable that these salts can
actually exist in two forms which are identical so far
as chemical composition is concerned but are different
magnetically.

Russell ? has recently suggested that the active and
passive states of iron, nickel, and cobalt may correspond
to different structures of the atom. Thus he supposes
that, while active iron possesses an electronic con-
figuration of 2, 8, 14, 2 in the 1st, 2nd, 3rd, and 4th
quantum orbits respectively, passive iron may
correspond to either of the arrangements 2, 8, 13, 3,
orz,8, 15, 1. Similarly, active nickel may correspond

! Comptes rendus, 1925, 180, 919.

2 Ann. de Phys., 1921, 16, 174.

3 Ibid. 2
_* Measurements of Kamerlingh Onnes and Oosterhuis and of Jackson.
See Jackson, Phil. Trans., 1923, 224, I.

& J. de Phys., 1922, 3, 1.

® Sc. Rep. Tohoku, 1914, 3, 303.

7 Loc: cit.

® Sc. Rep. Tohoku, 1915, 4, 215.

? NATURE, 1925, II5, 455.

NO. 2904, VOL. I15 |

to the configuration 2, 8, 16, 2, and passive nickel to
2O =TT

It is here suggested tentatively that the different
magnetic states of the ions of iron (Fe”) and cobalt
(Co”) may also correspond to different internal
configurations of the electrons. Thus the ordinary
ferrous ion would possess the configuration 2, 8, 14, o,
and the other magnetic state might be produced by
the transference of one of the fourteen electrons in
the incomplete 3rd quantum orbit to the 4th quantum
orbit, or by a redistribution of the 3rd quantum orbit
electrons among the various levels, 3;, 3,, and 33, of
this orbit.

If this were the case, it would be expected that the
solid salt or solutions of the salt would possess different
absorption spectra when existing in the different
magnetic states. This point could readily be tested,
and the results would serve to confirm or refute the
suggestion. L. C. JACKSON.

The Davy-Faraday Laboratory,

The Royal Institution,
London, W.1, May 23.

A Luminous Spider.

ONE day in Central Burma the trail in the jungle
was exceptionally difficult. It was long past noon
when I realised that the return journey would be
equally long and tiring. Camp lay on the other side
of a long range of hills, and there was a short cut from
the main trail that would save several miles, but this
trail was faint. I reached the supposed cut-off about
dusk and followed it upward. Darkness came on
swiftly, and my pony began to stumble. Somewhere
we had missed the trail, for at intervals I could still
glimpse the crest of the hills, and I knew my general
direction.

Fireflies sparkled here and there. Presently a few
feet away I saw a ball of light as large as one’s thumb.
It was stationary. Tying the horse, I approached it
as carefully as possible, finding it surrounded by
thorny bushes. It did not move, and I pressed the
brush aside until I was directly over it, and then
struck a-match. There, in full view, was a spider,
its large oval abdomen greyish, with darker markings.
Still it did not move, and as the match died out its
abdomen again glowed to full power, a completely
oval light, similar in quality to that of the fireflies.
Remembering native tales of poisonous insects, I
wrapped a handkerchief around one hand, parted
the brush with the other, and when close enough made
a quick grab. Alas! the handkerchief caught on a
stick before I could encircle the spider, and my
treasure scurried away. I followed as quickly as
possible, but the light soon disappeared under stones,
brush, or in some burrow, for I never saw it again.

Many nights I searched in the jungle and questioned
natives and white officers who had passed through
that district, but apparently no one else had reported
a luminous spider, nor can I find record of any known
elsewhere.

Burmese never leave their houses after dark on
account of their fear of spirits, so it is not surprising
that the natives had never seen one, but some other
traveller may be so fortunate as to capture one of
these spiders.

The place where I saw the specimen was between
the villages of Kyawdaw and Thitkydaing, Pakkoku
District, about one hundred and twenty miles west of
Mandalay, Burma, in April 1923.

BArRNUM BrRowN,
Associate Curator.
Department of Vertebrate Paleontology,
American Museum of Natural History,
New York City, May 29.

251052
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The Relations between Sunspots, Terrestrial Magnetism, and Atmospheric Electricity.
By Dr. C. Cureg, F.R.S. '

“HE existence of a relation between sunspot fre-
quency, or area,and the phenomena of terrestrial
magnetism and atmospheric electricity is a question
on which a reasoned statement of opinion may be
opportune.

Two elements may be connected and yet not stand
in a linear relationship. When nothing is known,
there are advantages in a graphical method, such as
that employed by W. Ellis* when comparing diurnal
magnetic ranges at Greenwich with Wolf’s sun-
spot frequencies. But when there is reason to
anticipate a linear relationship, it is better to use
Wolf’s formula

R=a+bS,

where S denotes sunspot frequency, and R is a quantity
such as the diurnal range of a magnetic element. a and
b are constants which can be determined by least
squares. Obviously a is the value of R when S=o.
As the average range of S between sunspot maximum
and minimum approaches 100, 100b/a is a convenient
measure of the importance of sunspot influence. In
the case of magnetic daily ranges 100b/a usually exceeds
o'5, and not infrequently 1-0. If 100b/a is a small
fraction, the sunspot influence, even if real, is unim-
portant. The closeness with which Wolf’s formula fits
the observations is measured by the correlation co-
efficient 7. As b shows the sign of the correlation,
whether positive (z.e. element increasing with S) or
negative, we shall treat » as a numerical quantity.
It cannot exceed 1, which represents a perfect fit. A
low value such as o-3 implies that the sunspot relation
is very doubtful.

In the case of terrestrial magnetism, a linear sunspot
relation seems fairly established for the range of the
regular diurnal variation, whether of declination (D),
horizontal force (H), or vertical force (V). Further
claims have been made. Thus Leyst 2 believed the
secular change of D to be considerably faster at sun-
spot maximum than at sunspot minimum, but further
investigation has not confirmed this. Declination may

- be east or west, and numerically increasing or diminish-
ing ; thus acceleration of the secular chan«re signifies
different things at different places. A4 prior: the force
components H and V seem more likely to possess an
11-year period. Unfortunately, with ordinary instru-
ments, H and V determinations are less reliable than
those of D, and it is doubtful whether the annual
values available have the accuracy necessary for
determining the reality of a sunspot influence, which
is certainly not large.

Diurnal range may signify the range of a diurnal
inequality based on hourly values, or the difference
between the extreme instantaneous values of the day,
usually called the absolute range. In most if not all
of the earlier work by Wolf, Ellis, and others, range
meant the diurnal inequality range, or some analogous
quantity. Older data were mostly from eye readings
taken at two fixed hours, at Milan, for example, at
8 a.m. and 2 p.M. If the observation hours are the

1 Phil. Trans., 171, p.
* Bull. de la Société Impér des Naturalistes de Moscou, 1909, p. 160.
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hours of maximum and minimum in the mean diurnal
inequality for the year, they will give in the case of
the whole year the same range that hourly readings give.
If the hours of maximum and minimum v ary in different
months, the range derived from hourly readings may
in some months sensibly exceed that from readings at
two fixed hours. But these are minor differences, and
the older observations may be regarded as estabhshmg
the validity of Wolf’s formula for the mean diurnal
inequality of the year. In general, D was the element
considered, but Ellis also included H. It is not claimed
that Wolf’s formula with invariable values of @ and b
agrees closely with observation in every year of, say,
5o years. But, so far as is known, whenever Wolf’s
formula has been applied to any 11 years, & has proved
to be plus, and 100b/a has been substantial. This
has been true whether the diurnal inequality has been
derived from quiet days or from ordinary days. At
Kew the value obtained for 1oob/a from the quiet
days of 18go to 1900 was o-71 for D, and 1-07 for H.
Ordinary days gave very similar results. Fairly similar
results have been obtained at many stations, the value
of b/a being usually decidedly higher for H than for D.
The fit of Wolf’s formula is generally good, and some-
times extremely close. For the period 1911 to 1921, in
the case of the mean diurnal inequality at Kew, » was
0+96 for D, and o-95 for H.

Instead of the range of the mean diurnal inequality
for the year, we may take the arithmetic mean of the
ranges of the diurnal inequalities for the 12 months.
The two quantities usually differ, but similar results
are obtained.

Instead of considering the whole year, we may apply
Wolf’s formula to different seasons, or even individual
months of the year. The fit for an individual month,
e.g. the Januaries of an 1i-year period, may be in-
different, but it is usually good for a 4-month season,
e.g. May to August (summer), or November to February
(winter). We may calculate @ and b from the range
of seasonal diurnal inequalities, or we may accept as
the seasonal values of @ and & the arithmetic means of
the a’s and b’s calculated for the included months
separately. The most outstanding result is that, at
least in higher latitudes, &/a is considerably larger for
winter than for summer. Thus at Pavlovsk, 18go to
19oo, the value of 1oob/a for H from all days was 1-77
In winter, as against 0-98 in summer.

The absolute daily range is larger than the inequality
range, and is more affected by disturbance. It, too,
shows the sunspot influence clearly, but with a less
close fit of Wolf’s formula. An interesting example ®
is afforded by the years 1892, 1893, and 1894, with sun-
spot frequencies of 73-0, 84:9, and 78:0 respectively.
The ranges of the mean diurnal inequalities in D at
Kew for ordinary days were 9’-85, 10’7, and 9"-8;
while the mean absolute ranges from all days were
17/ T 15”6, and 16’-5. Thus 1893, the year of sunspot
maximum, had the largest inequality range, but its
mean absolute range was distinctly inferior to those of
the adjacent years. The result appeared in H as well

3 Phil. Trans., A 208, pp. 215and 226 ; A 216, p. 261 ; and Chree, ¢ Studies
in Terrestrial M1gnet1<m," Pp- 177, 178.
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as D, and the order of the inequality ranges was the
same for quiet as for ordinary days.

The difference between sunspot maximum and
minimum years is partly a matter of disturbance, but
both classes of years contain days practically free from
disturbance, and the quiet days from sunspot maximum
years tend to have larger ranges than the quiet days
from sunspot minimum years. The relation between
sunspots and magnetic disturbance is much less definite
than that between sunspots and the regular diurnal
inequality. In a general way, disturbance is least at
sunspot minimum. In the 11 years 18go to 1goo at
Kew there were 29 (Greenwich) days with H absolute
ranges not less than 250y, but none of these occurred
in the three years nearest to a sunspot minimum. On
the other hand, some years of many sunspots are also
quiet. For example, 1893, a year of sunspot maximum,
had no H range so large as 250y, while 1892 and 1894
between them had 24 such ranges. Again, some of the
very largest magnetic storms have occurred in years
of comparatively few sunspots. Thus 1921, with a
sunspot frequency little more than half that of the
average year, had a succession of highly disturbed days
during May, to which the previous 6o years afforded
only one parallel.

The existence of a specific relation between individual
sunspots and individual magnetic storms is a vexed
question, on which a general agreement cannot be
claimed. The magnetic character of an individual day
certainly cannot be inferred from the sunspot area or
frequency for the day. The 660 selected quiet days of
the 11 years 18go to 19oo had 41-15 as their mean
provisional sunspot frequency, as compared with a
mean of 41-03 from all days of the year. When the
5 days of highest sunspot area from each month of
these 11 years were considered, the corresponding mean
daily H range at Kew exceeded the average from all
days by only 3 per cent. Most magnetic storms last
only one or two days, few so much as four days; but
a large sunspot is seldom so short-lived as this. The
natural inference is that if the sunspot is the immediate
cause of the magnetic storm, its effectiveness must be
largely restricted to one particular stage of its develop-
ment, or else to a very limited range of position relative
to the earth. The investigation above referred to
suggested an enhanced diurnal range in H for some
days subsequent to the attainment of a maximum
sunspot area on the sun, the largest range appearing
4 days subsequent to the maximum area.

The phenomenon most suggestive of an influence
associated with specific small solar areas is the 27-day
interval in the sequence of magnetic storms. The
interval seems well established, and its most natural
explanation, as suggested by Mr. Walter Maunder, is
the existence for a number of solar revolutions of a
comparatively narrow cone of radiation which sets up
a magnetic storm whenever it crosses the earth. A
difficulty is that the 27-day interval seems as well
established for quiet as for disturbed conditions. A
curious phenomenon, some cases of which were recently
discussed by Father Cortie,* is that after a number of
recurrences of disturbed conditions at 27-day intervals,
quiet conditions intervened, to be succeeded by further
sequences of disturbed conditions. On the other hand,

¢ Proc. Roy. Soc., vol. 106, p. 19.
NO. 2004, VOL. I15]

when we proceed by 27-day steps from a selected quiet
day, we sometimes hit on a highly disturbed day.
These phenomena suggest the possibility that a limited
solar area may emit a radiation, which at one stage
enhances and at another stage diminishes the ionisation
of the upper atmosphere. If the radiation consisted
at one stage of free ions, and at another stage of ejected
matter which loaded up the ions naturally present in
the upper atmosphere, the z7-day interval in quiet
conditions would be intelligible. This suggestion was
made originally in a frivolous spirit, but it may be
more worthy of consideration than was originally
supposed.

The possibility of a sunspot influence in atmospheric
electricity seems to have occurred independently to
several people, including the present writer.® It has
recently been the subject of two papers by Dr. L. A.
Bauer.® In the first of these, which dealt with the
potential gradients recorded at the Ebro Observatory,
Tortosa, he concluded that mean yearly values of
potential gradient (P) and its diurnal range both
increased with sunspot frequency. As a check, the
writer 7 applied Wolf’s formula to five sets of Kew
potential gradient data, from two periods 1898 to 1909,
and 1910 (Or 1911) to 1920 (Or 1921). The results
were so far favourable to Dr. Bauer’s conclusions in
that a positive value of & resulted in four cases. But
the fifth case gave a negative value, and the values of
1c0b/a were all small, the four positive values averaging
only +o0-17, and the corresponding values of » averaging
0°49. ;

In his second paper (l.c. p. 186) Dr. Bauer expresses
somewhat modified views, including

(a) ““ The probability is high that . . . potential
gradient and its diurnal and annual ranges . . . are
subject to sunspot influence.”

(¢) “ During 5 of the past 7 sunspot cycles the
potential gradient and ranges . . . generally increased
with increasing sun-spottedness. For the remaining
2 sunspot cycles, the potential gradient and ranges
. . . apparently decreased with increasing sunspot
activity.”

The epochs in which the relation is supposed to have
been negative seem to be 1845-1855 (station Brussels)
and 1886-1897 (stations Perpignan, Lyons, and
Greenwich). .

Some knowledge of the observational uncertainties
is a desirable prelude to a consideration of the results.
Suppose we take a water-dropper, the most efficient
type of “ collector.” When the electrograph is working,
the tube discharging the jet is connected to the needle
of a quadrant electrometer. One pair of quadrants is
maintained at a constant potential +w, and the other
pair at —w, the sensitiveness varying with ». Suppose
we break the connexion to the jet, and connect the
needle to a variable source of potential. Raising the
potential step by step, put marks on the paper on
the recording drum answering to the voltages 1oo, 200,
etc. Now remove the source of potential, and connect
the needle to the discharge tube. For simplicity,
suppose the air surrounding the jet to remain for some
timeat + 100 volts. On turning the jet on, the electro-
meter reading gradually rises, reaching a stationary

5 Phil. Trans., A, vol. 206, p. 303.
8 Terrestrial Magnetism, vol. 27, p. 1 ; vol. 29, pp. 23 and 161.
7 Proc. Physical Society, vol. 35, p. 129.
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position in, say, 30 seconds. But the reading answer-
ing to the stationary position will be sensibly less than
100 volts, unless the insulation of the water tank and
discharge tube is really good, and the deficiency is
greater the poorer the insulation and the less efficient
the collector.

Again, the potential at the site of the collector is
usually a good deal lower than it would be at the same
height above level ground remote from buildings.
Thus, however good the insulation, the readings require
multiplication by a factor to give true potential
gradients, and unless the position of the collector and
its environment (and the insulation of the water-
dropper) are invariable, the factor varies with time.

The necessity for a reduction factor was generally
unrecognised until comparatively recently, while
changes calling for alteration in the factor are prac-
tically certain to have occurred in the older installations.
Insulation is very hard to maintain good, especially
with the older types of insulators. It generally suffers
from damp weather, and some years are much damper
than others. The outcome is that unless a reduction
factor is regularly determined and applied, the absolute
potential gradient and its diurnal and annual ranges,
as deduced from the curves, may fluctuate as insulation
is better or worse. They will also naturally alter with
the growth of trees or shrubs, or modification of buildings
near the collector.

Kew has probably a longer record from a fairly
modern electrograph than any other observatory,
and Dr. Bauer has suggested the utilisation of the
earlier records. The curves prior to 1898 were un-
fortunately not tabulated, with the exception of one
or two years, and the heavy labour required to do so
now has not appeared justifiable in the absence of
determinations of a reduction factor before that date.

To gauge the probability of Dr. Bauer’s conclusions,
his notation and methods must be understood. He
employs two formule :

P—PMZSI(S"S",) G 2 3
P-P,=s(S-S,)+«T-T,) .

(A)'
(B)-

Here S represents Wolf’s sunspot frequency, P the
absolute value or the range of potential gradient, 7'
the year, and the suffix m denotes the mean for the
period considered. s, s, and # are constants determined
by least squares. (A4) is simply a variant of Wolf’s
formula, with s" written for 4. (B) differs through the
addition of a term varying linearly with the time. The
correlation coefficient is called 7', in the case of (4)
and 7, in the case of (B). Dr. Bauer attaches most
weight to (B), but gives no adequate justification for
its use. The question is important because 7, is usually
larger than #,, so if (B) is admissible the case for a
sunspot influence appears stronger than it otherwise
would. Cases are conceivable in which (B) would be
justified, e.g. if besides an 11-year period there were
a much longer period, say 100 years, or if some gradual
change had been in progress in the apparatus or
its environment, which might reasonably be supposed
a linear function of the time. But some positive
justification seems called for in each specific case. The
fact that the #term usually improves the agreement
with observation is no sufficient argument in its favour,
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and

because, with two constants at our disposal instead of
one, that is only to be expected. When £ is small, s and
s' differ but little, but when it is large, they usually
differ considerably in size and sometimes even in sign.
Large values of ¢ appear more especially in the older
series of observations used by Dr. Bauer, especially
those for St. Louis, Perpignan, Brussels, and Greenwich.
But they also occur in the case of some of the more
recent data, including some from Kew. In 4 out of
7 cases at this station in Dr. Bauer’s Table 3, p. 169,
l.c., s is positive, while s’ is negative. In fact, the
adoption of the two-term formula converts a vote
against to a vote for a positive correlation.

One most important modern station, the uncorrected
data from which might have called for a #-term, is
dismissed by Dr. Bauer in the following words (l.c.
p- 24): ‘ Unfortunately as regards the Potsdam
observations, various changes . . . especially during the
period 1914-19 when no control observations . . . could
be made, have introduced discontinuities . . . so as to
make unsafe the utilization of the observations.” This
view has recently been controverted by Dr. Kahler, of
Potsdam 8 who claims that the mean annual values of
potential gradient now published are satisfactory. Dr.
Kahler adds that they do not support a sunspot in-
fluence, but he gives no figures. As the Potsdam series
is longer than most, and the station has a high reputa-
tion for staff and equipment, it has seemed desirable to
apply a Wolf’s formula to the mean yearly values
given by Dr. Kahler, treating them on parallel lines
with data from Kew and Eskdalemuir. The results
from the three stations are as follows, the unit for a
and & being 1 volt per metre :

Quantity. Period. Station. a. b. 100 b/a | 1.
Mean annual value | 1904—23 Kew 309 | 4-0:303 | 40098 | 0:37
& 0 s 3 Potsdam 211 | —0°216 | —0'102 (034 !
5 = i IQTI-21 Kew 312 | +0'444 | +0°142 | 056
2 0 o 5 Potsdam 205 | —0°143 | —0'069 | 0°46
5% o 5 5 Eskdalemuir | 236 | +0'440 | +0°186 | 0:83
Range mean annual | 1911-21 Kew 152 | —0'114 | —0'075 | 0°2
Diurnal inequality |1912-21 | Eskdalemuir | 110 [ 4+-0'115 | 40105 | 0°25

The year rgrr was omitted in the final case at
Eskdalemuir owing to some special uncertainties.

One of the outstanding things was the opposition
between the Kew and Potsdam data from 1911 to 1921.
At Kew the departures of S and P from their mean
values agreed in sign in g of the 11 years, while at
Potsdam they differed in 10.

Referring to Dr. Bauer’s own tables of results, there
seem to be only three of his stations—Tortosa and
Eskdalemuir with at most 14 years’ observations, and
Kremsmunster with only 8—which supply in all the
cases considered positive values for s and s', and
several of these values are quite small.

The data from Kew and Potsdam are suggestive
either of no direct sunspot influence; or of a compara-
tively trifling influence liable to be masked by weather
effects. Less conflicting results may be obtainable
from regions having a less variable climate, but lower
latitudes have been as yet very poorly represented.

A sunspot influence acting in different directions at

8 FErgeb. der met. Beob. in Potsdam in den Jahren 1921, 1922, und 1923,
p. viii.
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different places at the same time, and affecting the
results at one station in opposite directions at different
epochs, is something quite unlike the sunspot influence
recognised in the diurnal variation of terrestrial mag-
netism. Its acceptance does not seem justified w1thout
much more observational support than it has yet
received.

Some remarks in § 47 of Dr. Bauer’s second paper
(Lc. p. 184), if they stood alone, or even if they followed

the conclusions on p. 186, mwht be interpreted as not

inconsistent with the conclusions reached here. If,
however, he really regards the existence of a sunspot
influence in atmospheric electricity as quite an open
question, a more explicit statement is desirable, as
several recent references to his work assume a relation
to have been established.

Note added June 3.—Since the above was in print, a
further paper by Dr. Bauer has appeared in the March
number of Terrestrial Magnetism,