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School Certificate Biology.

HERE are indications that, in the not far distant
future, there may be removed from our courses

of education the reproach that in England alone
of practically all civilised countries is it possible for
a student at the age of eighteen or nineteen to leave
school destitute of any teaching in the fundamental
processes of life. Biology as a subject in the School

" Clertificate Examinations has received attention at

the Headmasters’ Conference ; a report containing
suggestions for a syllabus has lately been published
by a committee of the British Association ; and
a committee appointed by British zoologists “ to
consider the position of animal biology in the school
curriculum and matters relating thereto ” has also
reported upon the subject. It is, too, a hopeful
sign that nearly all examining bodies granting
school certificates now include biology among the
examination subjects; and further, that the
number of candidates offering it, though still a very
small percentage of the whole, shows a steady in-
crease.

It is clear that in formulating a syllabus and in
determining the scope of this examination, the
opinion of those engaged in teaching biology at
schools should carry great weight. They are
familiar with the conditions prevailingin the schools;
and, far better than professors and lecturers at the
universities, can judge not only what is feasible,
but also what is within the mental reach of pupils
at the age of sixteen or thereabouts. The Science
Masters’ Association was thus well advised in
arranging a discussion on school certificate biology
during its recent conference at the Imperial College
of Science, and in endeavouring to secure a con-
sensus of opinion regarding the purpose of such
biology and the character of the examination itself.
The propositions laid down in order to focus dis-
cussion were as follows :

(@) Biology should be a subject in which it is
possible to obtain “ credits ”’, and must not be re-
garded as a “ soft option ”; but nevertheless it is
obvious that the same number of hours will never
be allotted to it as to mathematics, languages, ete.

(b) School Certificate Biology is intended to be
for general education purposes, and not as a pre-
paration for specialised Higher Certificate work.

(¢) The examining bodies should keep their de-
tailed syllabuses as short and general as possible.

(d) A knowledge of Chemical and Physical pro-
cesses is not to be demanded except in so far as they
are necessary for an elementary understanding of
definite biological principles.

(e) There should be no practical examination ;

demonstration lectures taking the place of indi-
vidual practical work.
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(f) A syllabus should include :

1. The fundamental principles of plant physio-
logy and propagation, but without any un-
necessary anatomical details.

2. The elements of human physiology and de-
pendence of all animal life on the green
plant for its source of energy.

3. The carbon and nitrogen cycle, and the part
played by bacteria and fungi in nature.

4. Ameeba, Hydra, and the Frog. (These should
be the only actual animal types men-
tioned.)

5. Structure of a regular flower to show pollina-
tion and fertilisation.

6. An elementary knowledge of, at least, the
evidences of Evolution, and the principles
of Heredity.

(7) Definite  Field Work ” is impossible for
boys at this stage during school hours.

The suggested syllabus is commendably brief,
and appears to include all the essentials ; though
teachers will probably allude to other than the
three animals specified in (f) 4, and to some of the
more striking irregular flowers when dealing with
pollination ; and will find occasional expansion of
this bare minimum desirable. There is clearly no
intention to restrict the teacher rigidly to the
scheduled items.

The second of the above propositions (b) needs
strong emphasis. In the past there has been too
great a tendency to teach elementary science on
lines suited to students destined later to specialise
in science, and to disregard the fact that an enor-
mous majority of the pupils at this stage are not so
destined. It is not unnatural for a teacher, especi-
ally for a young one who has but recently com-
pleted an advanced course at the university, to
teach on the lines along which he himself, a special-
ist, has been taught. But the temptation must be
resisted. Prior to and up to the school certificate
examination, all the science teaching should be
solely for purposes of general education and culture.
It should pave the way for the future citizen to
take an intelligent interest in the progress of
modern thought, and in social legislation, hygiene,
and the general welfare of mankind ; and should
render possible, nay probable, a fuller, happier life,
a better use of the environment, and a keener
appreciation of its beauty and mystery.

These considerations, coupled with the reference
to chemical and physical processes in the fourth
proposition (d), raise the question—Is the present

policy of allowing chemistry, physics, or biology to.

be offered as separate subjects in the school certi-
ficate examinations wise and educationally sound ?
Their very separation savours of specialisation. A
candidate offering biology must have had some
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instruction both in chemistry and in physics ; but
the converse is not true—greatly to the loss of the
candidates concerned.

Now in other school certificate subjects candi-
dates are really examined on work that has been
spread over several years, dating back in some
cases to the very commencement of their education,
though perhaps pressure of the examination
‘screw ’ has been applied only for a year or two
preceding the examination. The above suggested
syllabus, however, and some of those prescribed
by examining bodies for other scientific subjects,
can be covered satisfactorily in three or four terms,
with a time-table allotment of about three hours
per week. It would assuredly be preferable that
the period during which the science has been
studied should be more nearly commensurate with
that pertaining to other subjects of the examina-
tion. This end could be achieved if in the school
certificate the only science allowed were ‘ general °,
and if the ¢ general science ’ were based on biology,
broadly conceived as the science of life for all.

The Science Masters’ Association’s syllabus
affords abundant opportunity for digressions into
the realms of chemistry and nearly all branches of
physics. Such digressions might extend over
several weeks, or even a whole term ; and would
certainly provide ample material for individual
experimental work. Even with the short sylla-
bus suggested, the biology master worth his salt is
bound to refer in teaching to a large number of
topics that already find a place in the elementary
text-books of chemistry and physics, for example,
the properties of air and of water, oxidation,
conservation of energy, and so on. Thus the di-
gressions would have as their objective the elucida-
tion of many of the properties of living matter, and
the whole course would gain in coherence and in
interest. Such a syllabus might well serve as the
nucleus of a two-year or three-year course, accord-
ing to the number of hours per week assigned in
general science for the school certificate examina-
tion. The standard, measured by the amount of
ground covered, should be low ; but a high degree
of accuracy should be demanded. It is only thus
that sure foundations are laid.

To carry out such a reform in the teaching will
require careful co-ordination of the work, and loyal
co-operation among the teachers in each school.
Such co-ordinated schemes of science teaching are,
and have been for some years, in operation in
nearly all the countries of western Europe. The
like should surely not be beyond the organising
ability of the schools and universities of England.
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Statistical Method in the Social Sciences.

The Statistical Method in Economics and Political
Secience : a Treatise on the Quantitative and Insti-
tutional Approach to Social and Industrial Prob-
lems. By Prof. P. Sargant Florence. (Inter-
national Library of Psychology, Philosophy and
Scientific Method.) Pp. xxiv+521. (London :
Kegan Paul and Co., Ltd.; New York: Har-
court, Brace and Co., 1929.) 25s. net.

NTIL just recently, statistics have not been
regarded as a very essential part of economics
or political science, or indeed of any of the social
sciences, but have been looked upon as rather dull
and drab accessories, to be relegated to the end of
the book as mere appendices. There is scarcely a
single table or diagram in any of the older classics,
and although measurability, in Lord Kelvin’s well-
known dictum, was supposed to be the hall mark of
any true science, it was rather furtively hoped that
economics, at all events, if not the other members
of the social group, could somehow be shuffled
through the portals into the world of science
without possessing any great store of measurable
data.

There has been some improvement, during the
last few years, in the introduction and use of
statistical method in economics, but Prof. Sargant
Florence is probably right in saying that attempts
at the scientific study of mankind in the economic
and political spheres have largely broken down
owing to faulty liaison work between the non-
statistical and the statistical methods of approach,
“The mathematical statistician is out of touch
with the expert in a special field, and the experts,
whether economists, political scientists, or socio-
logists, generally fail to make use of statistical
methods and busy themselves with repeating the
same unverified hypotheses, or pitting one equally
unverified hypothesis against another.”” The trail
so0 brilliantly blazed by Jevons has not been ade-
quately followed up, and though there has been
considerable advance in the study and appreciation
of statistics and a vast output of statistical studies
and compilations bearing more or less directly on
different fields of economics, little real fusion of
economic theory with measured observations has
been achieved. There have been, it is true, some
notable exceptions among the economists, such as
H. L. Moore, Wesley Mitchell, Taussig, Cassel,
Pigou, and Marshall, who have combined a pro-
found knowledge of economic theory with sound
statistical skill; but in the main, the argument
holds that modern economics is still largely con-
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cerned with the elaboration or more or less plausible
theories insufficiently supported by verifiable data.

A further criticism which seems well justified—
although it has always been easy enough to pile up
criticism against the economist and all his ways,
justifiable or not—is based on the attempts to
separate the economic from the political, and to
make two entirely distinct entities of economics and
political science. For purposes of specialised study
this may be desirable, but despite the dictates of
specialism, which may sometimes be followed too
slavishly and fearfully, it cannot be too strongly
insisted that the social sciences at all events should,
so far as possible, be studied as one. Certainly
economics and political science cannot be separated
for long, and this becomes more clearly apparent
when their statistical foundations and structure
are envisaged. It is the supreme merit of Prof.
Sargant Florence, when planning his great work,
that he has co-ordinated and correlated in a won-
derfully skilful manner, the highly complex data
of economics and political science, and used the
statistical approach for his purpose in such a way
that the result is a triumph in homogeneity, a
noble architectural pile, deeply impressing the
observer with its massive strength, completeness,
well-balanced proportions, and unity.

Various devices have been sought, but seldom
found, for counteracting the evils of specialism in
modern science, for providing a higher and more
comprehensive viewpoint, for seeing a science or
branch thereof in its remoter connexions, for co-
ordinating related parts. Philosophy has some-
times been called upon to fulfil this important réle ;
but that statistical method also could be used to
serve the same end, though to a lesser degree, was
an original and brilliant conception which Prof.
Florence has worked out with indefatigable per-
severance, amazing skill, and comprehensive grasp
of a vast field in economics and political science.
The expert statistician may not always agree with
the author in certain details of technique, some of
which he himself admits may be heretical ; and
truly, in such an elaborate technique, even though
higher mathematics is eschewed, there are bound
to be some controversial points for the hyper-
critical specialist ; but for the general reader, for
the general student of economics and political
science, the work is invaluable as a veritable store-
house of the latest research in statistical method as
applied to these particular social sciences. It sums
up the work of all the best authorities, but most cf
it is the author’s own, is fresh, original, stimulating,
and written in that lucid and charming style that
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one has been led to expect from Prof. Florence. Its
breadth and thoroughness are remarkable, for it is
very much more than a mere text-book onstatistical
method. It is also a comprehensive treatise on
economic and political science so far as these are
amenable to statistical treatment, and the extent
of that amenableness is much greater than is com-
monly supposed, as may be gathered from the
following brief summary of contents, taken from
Chaps. i. and ii. :

The function of economics and political science
is the discovery and study of fact in the indicative
mood, free from moral implications, and from
optative or imperative attitudes. Scientific know-
ledge must first be obtained before it can be applied
to produce the results desired for the good of man-
kind. :

In the pursuit of knowledge the primary function
of statistics is to describe item facts summarily.
Such descriptions may substitute experience for
unfounded or ill-founded assumptions, and verify
or refute economic or political theory, or suggest
pertinent generalisations of their own for theory to
interpret. The statistical approach can be shown
to be not inferior to deductive reasoning as mental
discipline.

The focus and scope of economics and political
science are described, and a further subdivision of
the complete field is suggested into () economics ;
(b) political science proper ; (¢) political economics;
and (d) economic politics. This method of sub-
dividing is perhaps open to criticism. Economie,
political, and institutional inter-relations are next
dealt with, thus completing Part I. In Part II.
are described very fully the methods and technique
of statistical measurement. The principles of
classification and orientation demanded by quali-
tative differences and complexities are given in
Part III., together with the principles and pre-
cautions to be observed in representing qualities
through quantitative index numbers. .This part
includes a discussion of both statistical and non-
statistical methods of causal interpretation, such
as isolation of factors, experiment, and introspec-
tion. In Part IV. we proceed to tackle the in-
tricacies of economic theory, modified in certain
important respects, especially in the direction of
flexibility, in order to suit statistical requirements.
The statistical approach starts from item facts, but
may use established theories as plausible working
hypotheses. Eventually, statistically tested theories
or theoretically interpretable statistics may per-
haps be found to rest upon a solid and exact
physical or psycho-physiological basis.

In political science there is no body of accepted
theory but merely some structural and functional
analysis, and the statistician must build up his own
theories empirically by the correlation of varieties
of structure, procedure, and transactions, and by
the correlation of varieties of objectively dis-
tinguishable procedures such as ruling, work-
sharing, and manning. i
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It will be seen that Prof. Florence goes as deeply
as is possible for a statistician to go in investigating
the complex phenomena of mankind’s behaviour
in the economic and political spheres, even to the
extent of finding a measure for the psycho-physio-
logical (Why not psychological simply ?) factors of
exchange ; but since he has necessarily excluded all
ethical and moral implications, as ruthlessly indeed
as the American economist, General Walker, has
done, and adhered faithfully to the indicative mood,
the inquiry would seem to stop short at its most
interesting and practically valuable stage.

Presumably it is left for the social philosopher to
expatiate in the optative mood, and the statesman
in the imperative mood. The former, with out-
stretched arms and full of a burning zeal for the
welfare of mankind, seeks persuasively to incul-
cate political wisdom wherever this is to be found ;
whilst the latter imperatively thunders forth his
commands. Both should be as well grounded in
the statistical approach to economics and political
science as Prof. Florence, but is this possible ? Or
is it too much to hope that Prof. Florence himself
will work out for us the ethical and moral implica-
tions, and supplement and co-ordinate such of
these implications as are already scattered about in
some of his other books, for example, in ** Econo-
mics and Uplift”, continuing on a larger and more
comprehensive scale the work already begun by
Sir Wilfrid Ashley, Prof. Cunningham, and one or
two others ? This would be a real contribution to
the clarification of politics, establishing it on a
more scientific basis, and a contribution also to the
true art of statesmanship which cannot possibly be
considered apart from ethics and morals. Prof.
Florence’s book raises numerous other questions of
the utmost importance, discussion of which is pre-
cluded by lack of space.

Sterilisation as a Practical Eugenic
Policy.

Sterilisation for Human Betterment : a Summary of
Results of 6000 Operations in California, 1909—
1929. By E. 8. Gosney and Dr. Paul Popenoe.
(A - Publication of the Human Betterment
Foundation.) Pp.xviii +202. (New York: The
Macmillan Co., 1929.) 8s. 64. net.

HIS little book is a storehouse of information

on the efforts which have been made in the
United States to improve the human stock by
sterilising the feeble-minded and the insane. It
appears that although more Americano laws have
been passed in about twenty states of the Union
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providing for the legal sterilisation of sexual per-
verts, and imbecile and insane patients in public
institutions, these laws have been put into practical
operation only in the State of California, so that in
the book discussion is mainly concerned with the
results obtained in that State.

The justification for these attempts to aid Nature
in eliminating the unfit is set forth in the introduc-
tion. Amongst our unsentimental forefathers, no
efforts were made to keep alive weakly and diseased
children, and hence the race was propagated only
from its most vigorous members ; but nowadays,
when unreflecting humanitarian sentiment is in
fashion, all babies are kept alive so far as medical
science can avail, and this science is paid for by
levying tribute on the thrifty and self-supporting.
The result is that this section of society limits its
offspring, and future generations are likely to be
recruited not from the fit but from the unfit.

How drastically and efficiently natural selection
operated amongst the young in England during the
eighteenth century may be gathered from figures
given by Miss Buer in her book, ““ Health, Wealth,
and Population in the Early Days of the Industrial
Revolution . 1In 1730, out of all babies born in
London, 74 per cent died before they were five
years of age; in 1750, 63 per cent died ; in 1770 the
percentage was 50, and it did not sink to 30 until
1833. The percentage was probably even higher
in other parts of the country. The help given by
hospitals, and later by the State, to indigent mothers
has all grown up in the last century, so that the
argument that because we have maintained a
vigorous, enterprising, fighting race in these islands
for eight hundred years since the Norman Conquest,
we shall continue to do so, is not one for which
there is any sound basis.

It is, however, not practical politics to suggest a
return to the old plan of laissez-faire. How then
shall the elimination of the unfit be promoted ?
The authors of this book suggest ¢ by legalised
sterilisation . The method of sterilisation advo-
cated is cutting the ducts (vasa deferentia in the
male, and Fallopian tubes in the female) which
convey the germ cells to the exterior. The authors
point out that more than six thousand operations
of this sort have been already performed in Cali-
fornia, and that only seven failures are recorded
(three in males, four in females). The operation
does not interfere with sexual desire or the per-
formance of the sexual act. The genital organs in
man, as in Vertebrata generally, have two functions,
namely : (1) to produce the germ cells; (2) to
produce a hormone which diffuses through the
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system and maintains youth and vigour. Inaman
the spermatozoa forms a minor part of the sexual
discharge, the main portion of which is constituted
by the prostatic secretion, and some authorities
hold that this secretion when absorbed by the
female has an invigorating effect on the constitution.
As to a woman, when it becomes necessary on
account of tumours to remove the uterus, if a
portion of one of the ovaries is preserved and
sewn to the abdominal wall, this will prevent
the premature onset of the menopause and main-
tain in the patient all the qualities of a young
woman.

But are insanity and mental defect hereditary ?
Some British authorities hold that in many cases
they are not. So far as insanity is concerned,
however, there is general agreement, as our authors
point out, that the condition known as ‘ dementia
praecox ’ is the result of an inborn weakened con-
stitution, and that it is a mere question of time when
it will manifest itself in the life of the unfortunate
individual who has inherited this constitution. As
to mental defect, the argument that it is sometimes
not of hereditary origin, overlooks the consideration
that all * mutations ’, of which mental defect is one,
must ultimately have been produced by some
external cause, and there is nothing to show that
an ‘ accidental > mental defective will not propagate
mentally defective children. In any event, even
if a defective should produce healthy children, such
a person would make the worst possible parent to
carry out the duty of caring for and training the
children ; and it is a little too much to ask the
State to allow a defective to go on having children
on the chance of some of them being normal, if the
State has to support them all.

Our authors urge that sterilisation should not
be regarded as a punishment but as a hygienic
measure ; that defectives confined in asylums might
be allowed out on condition of their consenting to
this operation. But whilst we agree that this
argument is good so far as it goes, a little reflection
will show that it only touches the fringe of the
problem. The defectives most dangerous to society
are those who are never confined in institutions at
all! The high-grade defectives are just able to
support themselves in the lowest paid and most
unskilled occupations, and no civilised government
would take the responsibility of confining them,
and so they go on propagating large families as
stupid as themselves. AsMr. Lidbetter has shown,!
it is from the ranks of just these classes that in the

1 ¢ Pauperism and Heredlty , by E. J. Lidbetter, The Eugenics
Review, vol. 14, p. 152; 1923
Bl
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last hundred years the majority of paupers and
criminals of London has been recruited.

It seems to us that in the last resort compulsory
sterilisation will have to be inflicted as a penalty
for the economic sin of producing more children
than the parents can support. Whether a man
has a large or a small family is—given a healthy
wife—a matter of taste, so long as he provides for
his own children ; but when he comes to the State
and demands that it—that is to say, his neighbours
—should support these children, then the State can
say, *“ Very well—we shall help you with the family
which you have, but if after this you have any more
children you shall be sterilised .

Before, however, such an alternative is presented
to any citizen, he may justly claim that he should
receive instruction from the State in the means of
birth-control. It is obviously unfair that such
knowledge should be denied to the poor whilst it
is easily accessible to the rich. It is often said,
and with justice, that the great objection to birth-
control is that the wrong people practise it. But
this knowledge once attained cannot be taken away ;
the middle classes possess it and cannot be pre-
vented from putting it into practice. If, however,
the knowledge and practice of birth-control were
widely spread among the working-class, there would
be created such a resentment against the reckless
production of children that the movement to
establish compulsory sterilisation of the unfit would
prove irresistible. E. W. MAcBRIDE.

Index Londinensis.

Index Londinensis to Illustrations of Flowering
Plants, Ferns and Fern Allies : being an emended
and enlarged edition continued wp to the end of the
Year 1920 of Pritzel’s Alphabetical Register of
Representations of Flowering Plants and Ferns
compiled from Botanical and Horticultural Publica-
tions of the XVIIIth and XIXth Centuries.
Prepared under the Auspices of the Royal Horti-
cultural Society of London at the Royal Botanic

Gardens, Kew, by O. Stapf. Vol. 1. Pp. xx+
547. (Oxford: Clarendon Press; London :
Oxford University Press, 1929.) 105s. net.

N 1855 Dr. G. A. Pritzel, who was keeper of the
Royal Library at Berlin, brought out his well-
known work, the °Iconum Botanicarum Index
locupletissmus ”’, being what was then regarded
as an exhaustive register of all known illustrations
of Phanerogams and Vascular Cryptogams, chiefly
from the time of Linneeus onwards.
The botanical and horti¢ultural worlds are now
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able to welcome (what has been long overdue)
the publication of the first volume of an emended
and enlarged edition of Pritzel’s work, under the
title of “ Index Londinensis to Illustrations of
Flowering Plants, Ferns and Fern Allies”. The
editor of this important work is Dr. Otto Stapf.

About twenty years ago, the necessity of pre-
paring a new edition of ° Pritzel > became not only
obvious, but also urgent. The council of the
Royal Horticultural Society and Sir David Prain,
the then director of the Royal Gardens, Kew, made
an unsuccessful appeal for the necessary funds.
However, in 1912 the sum of £250 from the profits
of the International Horticultural Exhibition at
Chelsea formed the nucleus of a fund which made
possible the commencement of the work. About
the year 1917 the Royal Horticultural Society
began the task of organising the big undertaking
which a revision of ‘ Pritzel’ would naturally en-
tail, and guaranteed the cost of the compilation,
and at the same time received grateful help from
contributors interested in the work. Two com-
mittees were constituted to draw up a code of
recommendations, as a result of which an honorary
editor was appointed, and the work was started in
July 1918 at the Herbarium of the Royal Gardens,
Kew, where the director granted the use of a room
and placed the resources of the library at the
disposal of the staff.

By the summer of 1927 a prospectus and proof-
page of the new ‘ Index ’ were issued. At the same
time, negotiations were carried on with the dele-
gates of the Clarendon Press, Oxford, for the
printing of the work. In the summer of 1928, the
card manuscript of the first volume, comprising
nearly 84,000 references to illustrations in various
books and periodicals from all over the world, was
in the hands of the printers. When the remaining
five volumes are published, the total number of
entries will amount to nearly half a million.

As there were about 107,000 references in Pritzel’s
old ‘Index’, the additional 380,000 consists of
those which were omitted by him and, added to
these, the references to the pictorial literature
published since 1865, the date of issue of the
supplement to * Pritzel . This will give some idea
of the great scope of the work. The references are
from all publications of post-Linnzan date, that
is, from 1753, and extend so far as the year 1920
inclusive. (For example, there are 153 references
to illustrations of the common daisy.) However,
owing to the high quality of the pictures in cértain
books of pre-Linnzan date, such as Rumphius’s
¢ Herbarium Amboinense *’ (1741) and Rheede’s
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“ Hortus Malabaricus ” (1686), these have been
taken up, but not without the aid of certain modern
commentaries on those works.

The citations in the new ‘ Index ’ are of illustra-
tions of Phanerogams, ferns and fern allies, the
lower Cryptogams being excluded. They represent
‘ portraits * of plants showing the habit, and of
detached portions of a plant, and of such details as
help to indicate the morphology of the various
parts. But anatomical structures and fossil plants
are excluded. Although teratological forms (‘sports’,
‘ monstrosities °) are not, as a rule, admitted, they
nevertheless very frequently occur, as no sharp line
can possibly be drawn between normal and ab-
normal structures.

No distinction is made between illustrations of
species, subspecies, varieties, or hybrids, so long
as they are accompanied by scientific names, and
figures having only a generic name are not admitted.
Not more than four names (including the generic
one) are used, for example, Acer pseudoplatanus
quinquelobum clauswm. The spelling of plant
names is in accord with the Latin as taught in
modern schools, but uniformity is sought through-
out ; for example, of the two forms ‘ ceylanica ’
and ‘zeylanica ’, the former is always used, but
the latter is given in a cross-reference. The
authors of plant names have been quoted through-
out, but absolute exactitude in all cases cannot
be guaranteed, especially as regards the authors of
varietal names ! Certain symbols are used, for
example, an asterisk (*) to denote a picture wholly,
or in part, coloured ; a note of exclamation (!) to
signify a ‘sport’; and (x) for a hybrid. The
sequence is alphabetical for the generic and specific
names and the minor grades, but is chronological
for the references. Inthe matter of cross-references,
it should be said in the first place that, as regards
species, the names under illustrations are simply
registered as they are found, no attempt being made
to correct inaccuracies when such occur, except
when they are obviously due to inadvertent slips.

When, however, as sometimes happens, these
names are at variance with those which occur in
the text, this fact is mentioned in the reference,
and cross-references are introduced under the
respective quotations. As regards genera, species
are often put under generic names with which they
have long ceased to be connected ; a system of
cross-referencing has therefore been devised, based
on Dalla Torre and Harms’ * Genera Siphono-
gamarum ** (1900-7), or, where this is out-of-date,
on modern monographs or the editor’s personal
knowledge.
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The preface, by the president of the Royal
Horticultural Society, is in English and Latin.
The editor’s introduction, giving a brief sketch of
Pritzel’s life and an account of the scope of the
whole work, is in English only. The key to the
use of the ‘Index’, on account of its great import-
ance, has been printed in English, French, and
German. This is followed by a list of subscribers.

Vol. 1 consists of 547 quarto pages and contains
references to illustrations from Aa to Campanopsis,
the letter ' being thus split up between Vols. 1 and -
2. Five more volumes will appear in due course.
The price of the work is £5 5s. per volume.

No one who has not been actually engaged in
the task can adequately realise the enormous
amount of work and thought which the production
of the manuscript of the ‘Index’ entails. The
delegates to the Clarendon Press are to be con-
gratulated on the admirable way in which it is
being printed. While the ‘ Index * will scarcely be
as useful to gardeners as would seem to have been
at first surmised by its promoters, it will be of
undoubted utility to the editors of gardening
journals, to universities, and in botanical libraries
like those at Kew and South Kensington.

If, henceforward, the student in botany or
horticulture finds the task of turning up pictures
of any particular plant or plants immensely easier
than he ever did before, it will be due to the
facilities provided by the ““ Index Londinensis .

W. C. W.

Physiological Mechanics of Piano-playing.

The Physiological Mechanics of Piano Technique :
an Experimental Study of the Nature of Muscular
Action as used in Piano-playing, and of the Effects
thereof wpon the Piano Key and the Piano Tone.
By Otto Ortmann. (The International Library
of Music.) Pp. xv+395+49 plates. (London :
Kegan Paul and Co., Ltd.; New York: E. P.
Dutton and Co., Inc., 1929.) 21s. net.

S a treatment of the physiological mechanics

of the particular motions used in piano-
playing, the present volume is of intrinsic interest
to comparatively few scientific workers. It is
of much wider interest as an example of research
involving more than one of the sciences. The
difficulties of such research due to the ever-increas-
ing specialisation of research workers are frequently
emphasised. The intensive cultivation of so many
small branches of the separate sciences has, how-
ever, the compensating advantage that in each
the technique is so fully .developed that, for
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example, the nthematical physicist may well
find, as did Einein, a special mathematics ready
for his applicatn, whilst the physiologist finds
that the developents of telephony provide him
with electrical struments of remarkable sensi-
tiveness. The fidamental difficulty lies in getting
in touch with t required developments of the
unfamiliar sciew, and appears to indicate not
only the increing importance of adequate
indexing and atracting of scientific literature,
but also the dirability of definite training of
research workers library technique.

A good examp is provided by this book. One
would not at fit associate piano-playing with
industrial fatigu problems, and yet Report No.
14 of the Industal Fatigue Research Board deals
with “ Time an Motion Study”, and from its
detailed bibliogphy we soon find that even
in 1915 an eleganmethod had already been devised
to study the motns made by workers in factories.
A tiny electric lap attached to the moving limb
is photographed tereoscopically to give a three-
dimensional recol of the path, the light is flashed
on and off agairapidly at regular intervals to
indicate the spe¢ of motion along the path, and
the constants of ‘e circuit are adjusted to increase
the difference in ‘e rate of brightening and dulling
of the lamp filannt so as to indicate the direction
of motion. It idisappointing, therefore, to find
that the authorf the work under notice uses
merely ordinaryohotography of a continuously
illuminated lamjattached to the pianist’s hand.
Numerous recorc reproduced in the book might
otherwise have vlded quantitative data. There
is no section ormotion study in the extensive
eight-page biblioaphy.

The difficultieiof obtaining quantitative data
on the actual mscular motion are very much
greater. As is carly explained in the text, one
part of a largerregularly shaped muscle may
under some colitions give obvious external
changes of shap whilst another part gives no
such measurablechange. From this it follows
that precise decctions upon the movement of
the whole muscleannot be formed from observa-
tions with any pparatus which makes contact
with such a mule at a selected small part of
its surface. W:n, in addition, the contacting
apparatus invols the use of the old tambour
device (p. 106), t results are still more unsatis-
factory, and it isvell to emphasise that many of
the displacementime records reproduced in the
book are more qilitative than quantitative.

It is stated in e preface that the experimental
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work has occupied five years, and that a consider-
able part of the time has been devoted to improve-
ments in methods of recording. There is but
little quantitative data given on the new methods,
and the statement on p. 185 is surely a confession
that the dynamograph was not always suited to
the work. Whilst many interesting qualitative
results are given, they are almost all to be found
scattered elsewhere in the writings of pianists,
and the value of the research would have been
very considerably increased if the author, realising
that his experiments were purely physical, had
taken full advantage of superior methods of
measuring already available to the physicist.

The avoidance of references in the text to similar
work by others is undesirable in a non-pedagogic
scientific book, tending as it does to give a false
impression of newness to the contents. There is
an excellent subject-index, but no author-index.

W. H. GEORGE.

Our Bookshelf.

Bazperimental Building Science. By J. Leask
Manson and Francis E. Drury. Vol. 2: Being
an_Introduction to Mechanics and its Applica-
tton in the Design and Erection of Buildings.
(The Cambridge Technical Series.) Pp. xiii +468.
(Cambridge : At the University Press, 1929.)
18s. net.

Forrowina the first volume under the same title,
which dealt with the application of general ele-
mentary science to building work, the authors in
this work have proceeded to develop the principles
of mechanics relevant to the subject, including
elasticity and strength of materials, and have
applied them to the commoner forms of building
construction, in such a way as to make their pre-
sentation practical and easily intelligible, without
too much academic treatment. The volume is in
three sections. The first describes the general
principles governing the equilibrium of systems of
forces and their application to framed structures,
incidentally making reference to certain types of
building plant which involve a consideration of
forces in more than one plane. Section 2 is mainly
concerned with the theoretical aspects of elastic
bending in loaded beams, and Section 3 consists
of a series of chapters devoted to a practical con-
sideration of the foregoing principles in actual work.

It will be seen that the ground covered is largely
the same as that in other text-books, though not
necessarily in a single volume, and the advantage
in the present case is that the builder and the
student of building construction are provided with
a manual containing, in addition to the normal
traditional matter of the subject, discussions of
certain important problems which are perhaps more
commonly associated with the province of struc-
tural engineering, though the boundary between
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the two departments is difficult enough to define.
Reinforced concrete thus comes in for an appre-
ciable and appropriate amount of attention. The
calculation of stresses in the framed members of
buildings, in which this composite material takes a
. leading place, it must be admitted, is now a very
essential part of a knowledge of present-day building
construction. '

The treatment of the various subjects is lucid
and systematic, the figures clear, and the type all
that can be desired. There is a serviceable index

and a number of test problems with answers. Y
B. C.

Life and Work in Prehistoric Times. By Prof. G.
Renard. Translated by R. T. Clark. (The
History of Civilisation Series.) Pp. viii +228+9
plates. (London: Kegan Paul and Co., Ltd. ;
New York: Alfred A. Knopf, 1929.) 12s. 6d.
net.

IT is some time since any work has appeared in
English which has attempted a reconstruction of
prehistoric times on the scale of M. Renard’s work.
In fact, to find anything of analogous character
approaching it in completeness, we must go back
to the work of Lord Avebury. British writers, in
dealing with prehistory, however comprehensive
their scope, have as a rule confined themselves for
the most part to the more or less direct evidence
of archaeology and the relevant elements in geology
and paleontology, referring to the customs of
modern primitives sparingly for illustration and
_elucidation only. M. Renard attempts a more
synthetic treatment and draws largely on the data
of ethnology and ethnography. He treats of both
material culture and social organisation. In re-
gard to the former, a more precise documentation
would have been an advantage in many cases.
For example, in the generalised account of the origin
of cultivated plants, it would have added to the
value for the reader for whom a book of this type
was intended had the evidence for the probable
origin of cultivated plants been cited more pre-
cisely. The same applies to domesticated animals,
especially the dog and horse. In his account both
of art and of personal adornment and clothing,
M. Renard gives less weight to the influence of
religion and magic than most archaologists and
ethnologists would be prepared to allow. It is
difficult to admit that tattooing, for example, is,
either in origin or in practice, purely a matter of
personal adornment,.

The Practice of Spectrum Analysis with Hilger In-
struments : including a Note on the various Types
of Emission Spectra. Compiled by F. Twyman.
Fourth edition. Contributors : Prof. E. N. da C.
Andrade, Dr. Samuel Judd Lewis, D. M. Smith,
S. Barratt, A. A. Fitch, J. W. Ryde. Pp. 39.
(London : Adam Hilger, Ltd., 1929.) 1s. 6d. net.

As the title suggests, this is a practical handbook,

giving in detail the experimental procedure to be

followed in the solution of various academic and
industrial problems. The usual arc and spark
methods receive full notice with numerous refer-
ences to possible difficulties, for example, confusion
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by adjacent lines ; it is shown how these may be
avoided in ordinary practice. The exploded wire
method for fine wires or filaments is described at
length, showing, for example, how 0-2 per cent of
thorium in a tungsten filament may be not only
detected, but also determined, when the piece
available is only 1-5 cm. long and weighs one-fifth
of a milligram. The application of the recently
introduced ‘ R.U. Powder’ (Raies Ultimes) pre-
pared . so as to give under suitable conditions a
composite spectrum exhibiting a small number,
usually about seven, of the most persistent lines
of about fifty elements, is demonstrated in the text
and by photographs. The purpose is to identify
the chief lines of all the elements in a sample by
producing its spectrogram in juxtaposition with
that of a portion of the R.U. powder. Useful
information is given on quantitative spectrum
analysis as conducted without resort to special
equipment.

The chapter on the various types of spectrum
discusses the theoretical bases on which the prac-
tical processes are formulated, and will be found
both helpful and suggestive in the laboratory.

Engineering for Masonry Dams. By William
Pitcher Creager. Second edition. Pp. xiv +294.
(New York: John Wiley and Sons, Inc.;
London : Chapman and Hall, Ltd., 1929.)
20s. net.

TrE second edition of this text-book on masonry

dams is a revision to date of the earlier volume

(which was reviewed in NATURE of June 20, 1918,

p- 301), with the deletion of certain obsolete matter

and the inclusion of new data and information,

making a net enlargement of 57 pages. The
chapter on details and accessories, in particular,
has been extended so as to include a fuller descrip-
tion of outlet control and floodgates. A quantity
of relevant material has been incorporated which is
included in the hydro-electric handbook, by the
same author jointly with Mr. Justin, published in

1927.

The book is, of course, mainly a reflection of
American practice, and in view of the attention
which is being given on the western side of the
Atlantic to the development of water power and
the impounding of water supplies for this and other
purposes, the experience obtained and recorded in
the volume is of no little interest and value to
water engineers. B. C.

The Purple Land : being the Narrative of one
Richard Lamb’s Adventures in the Banda Orientdl,
wn South America, as told by Himself. By
W. H. Hudson. Pp. 368 +13 plates. (London:
Gerald Duckworth and Co.,Ltd.,1929.) 15s. net.

Imagine Don Quixote with a dash of Scottish
caution, and we have the beloved naturalist in
his youth. His main concern is with the pretty
girls of Uruguay, and his treatise should prove
irresistible to all young biologists. Other scientific
themes are carefully avoided, but there is all the
fun of a comic revolution, which is tragic enough
to draw tears—both sides of humour. It isa grand
book, by one of the heroes of science.
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Letters to the Editor.

[The Editor does mot hold himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to return, nor to correspond with
the writers of, rejected manuscripts intended for this
or any other part of NATURE. No notice is taken
of anonymous communications.]

Anent Metameric Hydrogens.

AT the recent anniversary meeting of the Royal
Society, Sir Oliver Lodge, with his accustomed
charming perspicacity, in moving the vote of thanks
to the president, referred to the happy way in which
he endeavours to interpret to the old fogies the mystic
feats of the juvenals who now soar into mathematical-
physical empyreans not only beyond the reach but
also beyond the comprehension of us weak ordinary
mortals. Well might the Primate remark at the
anniversary dinner that ‘‘ the relations of religion
and science have never been more cordial’. This is
so—not because the clerics are being made wise by
‘science’ but because its reputed followers are more
and more walking in the clerical train and tending to
write superstition for science. Nothing could be
further from the truth than the Archbishop’s reported
statement—** that both religion and science had given
up the bad habit of being dogmatic . The mistake
comes from the fact that, on both sides, the language
used is so mystical that no one knows what it means :
pure hyperbole is current in both camps. If coming
together, it is because the body scientific is more and
more being given over to dogma, doctrine and fashion,
fast losing the sense of modesty and disregarding the
Pauline mandate to—Prove all things !

The president, this year, has dwelt upon the picture
the younger wiselings are drawing of the jinks and
jazz indulged in, ‘ they guess ’, by molecules so simple
and staid as we have thought those of hydrogen to
be. Granted the existence of two metameric forms
of so primitive a molecule, attention may be directed
to what 7s surprising (not the existence of varieties
of the gas)—the observed prolonged stability of the
one form and the influence of charcoal in effecting
its rapid transformation. Apparently, the change
from one form into the other is no mere temperature
nor time effect. Physicists are apt to pay no atten-
tion to the process of change—they seem to have
thermodynamic minds: theirs not to reason how.
If the physicist have a living soul, it is one that lacks
the sense of purity ; he could never have paid so
much attention to impure materials had he had one.
Electricity just passes through a gas; electrons are
supposed to have no truck of convoy. The evidence
that chemical change only takes place in a tripartite
conducting circuit is not considered ; at most it is
airily dismissed with a summary reference to ions—
the pink silk stockings worn to-day throughout the
¢ scientific ° community—which not only can do no
wrong but also are rated capable of anything and
everything.

A great number of instances of metameric change
are known to us. One of the most fundamental is
that of acetoacetic ether, a compound existing in two
isodynamic forms, one a keto form containing the
radicle - CH, - CO -, the other an enol form containing
the isomeric group «- CH : C(OH) - . In a highly
purified state, these change so slowly that it is rational
to assume that they would not change if pure: an
inconceivable worldly condition. The passage from
one into the other undoubtedly takes place under the
influence of an electrolytic determinant, whereby CO
becomes CX(OH) and X then walks away with an
H from the contiguous CH,—or vice versa. I venture
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to assert this and deny that mere kinetic collision can
‘ do the trick ’.

It has long been an article of faith in my religion,
that spectral lines, and now even the assumed orbital
shifts in electron-levels, are consequences of this order
of process. Like Joan of Are, I at times am told by
‘my voices’. The process I contemplate is a sort
of a kind of incarnation—mayhap resembling that of
which Sir Oliver Lodge dreams. As he would say :
‘I don’t know ’. That one form of hydrogen should
pass into the other when brought into contact with
charcoal might, I suggest, be due to an electrolytic
determinant at its surface. The condensation of a
gas at the surface of charcoal is undoubtedly a chemical
process, one to which arguments may be applied
similar to those used by Aitken and others with refer-
ence to the formation of Water (rain drops) from
hydrone. The existence of two forms of hydrogen
in equilibrium makes no greater call upon my imagina-
tion than does the passage of water into ice : being so
familiar with the fact, we in no way regard the
expansion as remarkable. Surely, there must be some
great change in fundamental molecular contexture.
Water, unfortunately, has no power to-day to soothe

. the subsidised breast of the modern researcher : we

are only worried by it, if it come through our roof
and the valleys are flooded : as it is so prone to funec-
tion in waves, perhaps wave mechanicians will some
day deign to notice it.

We have long been aware that elementary mole-
cules are not always fixed structures. In this con-
nexion, Sir James Dewar’s remarkable but little
regarded observations upon the sudden change in the
specific heats of many metals at liquid hydrogen
temperatures are specially noteworthy. Whilst the
so-called atomic heat (sp. ht. xat. wt.) is almost a
constant at ordinary levels, the values vary periodic-
ally at very low temperatures. The alkali metals
alone seem to preserve their equanimity. I have
always thought of such changes in elementary
materials as evidence of the existence of metameric
forms.

Sir Ernest Rutherford speaks of a * very weak
coupling’’ between the two states of hydrogen. He
also talks mysteriously of symmetrical and anti-
symmetrical orbital wave functions. That so great a
master of the art of simple expression should speak in
terms so meaningless to most of us, I suppose comes
from the fact that the language of wave mechanics
cannot be translated down to our level. It cannot
be that he has joined camp with the Jargonotropists,
protonotropist thoughhebe. When we are sufficiently
quantised to be hypnotised by such terms, doubtless
we shall all be worshippers of the new faith. We
need, however, a little more instruction before con-
firmation—it is difficult to recite a catechism in terms
of an unknown tongue.

Here the question is perhaps pertinent—Have we
a known tongue to-day ? I notice that the heading
to Sir Ernest’s address is  Recent Reactions between
Theory and Experiment ’. Should we not read
guess or speculation for theory ? Is not theory a
sacred word, of sublime import, to be used only on
royal occasions ? In NATURE I fear it is almost
systematically put to vulgar use—even by the great.
Prof. Eddington, a master in the art of expression,
in the issue of Nov. 30, speaks of proposing a
theory ”’ of electronic charge—which is so little a
theory that he gets a value of 136 one week and 137
another. Remembering him as I do, as a most
active member of the Astronomical Corps de Ballet
that entertained usin 1914 on the way out to Australia,
I can see him gaily dancing through the scale of
numbers and giving us other values in weeks to
come. I have been brought up to regard a theory
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as a body of established doctrine, not a shifting
guesswork. In the same number of NATURE, in the
review on the ““ Origin of Coral Reefs ™, the word is
systematically perverted—it almost always is. I go
among schoolmasters advocating scientific method :
How am I to hold up my head when, in using words,
my tribe is so careless ? We weigh things to the nth
decimal—but rarely our words. Cannot we do some-
thing by way of example, so that our youth may not
always ‘ babel on’ ? We have yet to learn to serve
up our dish of science with proper trimmings.
Even the word ‘science’ has no established
meaning. In the introduction to his recently pub-
lished all-comprehensive ‘* History of Science , 1\_/[r.
W. C. D. Dampier-Whetham tells us that the English
word science is used as a shortened term for natural
science, though the nearest German equivalent,
Wissenschaft, still includes all systematic study.
Surely, this is wrong. °Science ’ is ‘ the business of
knowing ’ ; the production of knowledge ; truth of
whatever kind. What some of us are trying to do
is to exclude from it unnatural knowledge, as was the
desire of the early founders of the Royal Society.
HeNrY E. ARMSTRONG.

Early Rhodesian Gold.

THE preliminary report by Miss Caton Thompson
and the letter from Prof. J. W. Gregory (NATURE,
Nov. 9) are of great interest to students of history. It
is well to bring forward the contradictory evidence,
as Prof. Gregory has done. In regard to the estimate
of a gold production, in ancient or medieval days,
amounting to £75,000,000, I venture to express a
warning. The production and disposal of any such
quantity of gold would have made a big stir at any
time in the world’s history. Its commercial value in
medieval days, or earlier, would be, at least, twenty
times its present value, and an addition of the equiva-
lent of £1,500,000,000 to the world’s wealth would be
a great event, would it not ? We have no whisper in
historical records of any such contribution coming
irom the gold mines of any region before the Cali-
fornian and Australian discoveries. The Spaniards
obtained most of their South American gold from the
graves, not the mines, of Peru, Colombia, and Vene-
zuela. Again, £75,000,000 in gold represents a weight
of 625 tons.

As a mining engineer, informed concerning the
Rhodesian mines, I beg to submit that the estimates
made by Edwards, Hammond, or others should not
be accepted by archeeologists, because they were made
at a time when the Rhodesian diggings were being
boomed on the London stock exchange. Such esti-
mates have no value for the historian. The removal
of 100,000,000 tons means the excavating of a vast
number of cubic feet of rock; Where is the evidence
of such extensive work ?

As to the ingot found in Falmouth harbour; we
have no evidence as to its Phcenician origin ; the
statement by Diodorus concerning the astragalos, or
knuckle-bone, pattern has nothing to do with the
Pheenicians ; he is referring to the tin trade of his
own day, that is, about 25 B.c., when the tin was
carried overland from Corbilo, at the mouth of the
Loire, to Massilia, at the mouth of the Rhone. I
have examined the Falmouth relic and I have seen
a soapstone mould of a supposedly same type in the
Bulawayo museum. They have nothing in common.
The Falmouth ingot has a shape evidently suited for
convenience in packing on horseback across Gaul.
We have no proof that the Phceenicians mined Cor-
nish tin or went thither to obtain it ; on the contrary,
the evidence suggests that they traded with the
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Veneti, or their predecessors, at the mouth of the
Loire, where, in Morbihan, they themselves mined
for tin, and probably also traded with the Britons,
meeting them on the island of Ictis, as described by
Diodorus. The supposed identity of ingot moulds is
to be taken no more seriously than the idea that
phallic emblems necessarily signify Pheenician opera-
tions at Zimbabwe.
T. A. RICKARD,
Faculty Club,
University of California,
Nov. 25, 1929.

Dr. R1ckARD’s letter carries the weight of his high
authority on early mining. Yet the estimates of the
great gold output from Rhodesia were not made on
the London Stock Exchange, but by responsible
mining engineers who were well acquainted with the
ancient workings. When discussing Telford Edward’s
estimate with the local authorities in 1905, they
expressed the view that his figure would have to be
increased owing to the discovery of many additional
workings. In view of the size and number of the
ancient mines, I felt that the excavation from them of
100 million tons was not exaggerated. The workings
are direct evidence of an output of gold which, as Dr.
Rickard says, would have made a stir in the world.
The discoveries at Ur and in Egyptshow that the people
of those countries had tons and tons of gold. If the
Rhodesian gold mining had been medieval, we should
surely have evidence of it in the gold or by tradition.

In view of the suggestion that the gold was
mined in connexion with the Arab settlement of
the East African coast, I recently asked Sir Robert
Hamilton whether he knew of any evidence of the
Arabs there having had any large quantities of gold.
He replied : “I have seen and myself collected a
few gold and gold-inlaid ornaments on the coast ;
some, the majority, were obviously not very old,
being made out of sovereigns; others were older,
these mostly from Lamu and Patta, which generally
appeared to be of Persian origin or design. In any
case the amount was trifling. On the other hand, old
swords and daggers, which are often treasured pos-
sessions, are generally hilted and adorned with silver
work of Arab origin. While there are traditions of
wealth in ivory and slaves, I have never come across
traditions of wealth in gold or of trading in gold,
and so far as my reading of history goes I do not
recollect any recorded accounts of the early European
discoverers and explorers on the E. coast finding the
Arabs in possession of wealth in the shape of gold
nuggets, dust, or ornaments. The evidence is natur-
ally defective and negative, but I should hesitate to
believe that the medieval coast Arabs possessed gold
in any quantity without a great deal more positive
and convincing evidence than I have yet seen.”

In reference to the Falmouth tin ingot, the stamp
on it has been described as the mark of a Pheenician
or Greek trader. The ingot was accepted as Pheeni-
cian by the best opinion of the time of its descrip-
tion by Sir Henry James, for Lord Leighton, who
was careful to obtain the best expert advice, pictured
it in his fresco in the Royal Exchange of the Phceni-
cians trading with the ancient Britons. Dr. Rickard
remarks that this ingot and the Zimbabwe ingot-
moulds have nothing in common. Their similar shape
seemed to me so significant that I published out-
line drawings of them, to show their resemblance,
in Trans. Inst. Min. Eng., vol. 31, 1905-6, Pl. I.
Figs. 2 and 3. The loss of the ingot near the entrance
to Falmouth Harbour was attributed by Sir Henry
James to the boat having been wrecked while seeking
shelter there ““on its voyage coastways to Boulogne”.
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Some of the tin for Pheenicia may have been carried
across Gaul to Marseilles from the mouth of the
Loire ; but the use of the Boulogne route for the
Cornish tin has been generally accepted.

J. W. GREGORY.

4 Park Quadrant,
Glasgow, C.3.

The Product of the Radioactive Disintegration
of Potassium.

It has been shown by numerous investigators that
potassium and salts of potassium are radioactive,
the activity being due to the emission of B-particles
by the atoms of potassium. In accordance with the
radioactive displacement law, Hahn and Rothenbach
(Phys. Zeit., 20, p. 194 ; 1919) pointed out that this
B-transformation of potassium should result in the
production of an isotope of calcium, without change
in atomic weight. On the other hand, S. Rosseland
(Zeit. f. Phys., 14, p. 173 ; 1923) has put forward an
ingenious suggestion which does not necessitate the
production of a calcium isotope. Later, Hevesy and
Logstrup (Zeit. anorg. Chem., 171, p. 1 ; 1928) showed
experimentally that the radioactivity of potassium
appears to be confined to the isotope of mass 41 ;
Aston had previously shown that potassium consists
of two isotopes of masses 39 and 41. If only the isotope
of mass 41 is radioactive, Holmes and Lawson (Phil.
Mayg., 2, p. 1218 ; 1926) worked out the half-value
period of this isotope, and on the basis of this result,
Hevesy and Legstrup calculated that, if we assume
the earth to have existed for 109 years, about 0-001 of
all the potassium in the earth must have been trans-
formed into calcium of atomic weight 41.

As a result of an examination carried out by one
of us on a series of samples of microcline from Miask
(Urals), a variety has been found containing 11 per
cent of potassium and only 0:042 per cent of calcium.
In accordance with the calculations of Hevesy and
Logstrup, there should be present in this mineral
about 0-01 per cent of Ca*!l, which has been generated
from potassium during the life of the mineral, assumed
to be 10° years. If the remainder of the calcium
(0:03 per cent) were present in the mineral during its
formation, and if it had the atomic weight of ordinary
calcium (40-07), we have calculated that the total
calcium in the above mineral should have an inter-
mediate combining weight of 40-30. :

Through the kindness of Mr. Smolianinoff, director
of the Mineralogical Museum of the First Moscow
State University, we have been able to obtain a
quantity of this mineral microcline, from which
0-15 gm. of CaO was extracted. After careful purifica-
tion by repeated precipitation as CaSO, and CaC,0,,
in quartz vessels and using carefully purified reagents,
the atomic weight of the resulting calcium was deter-
mined by evaluation of the ratio CaCl, : CaBr,, the
weighings being accurate to 0-01 mgm. Two determina-
tions yielded concordant results, 40-21 and 40-24, as
compared with the calculated value of 40-30. The
slight discrepancy can be explained by the loss of part
of the calcium during its long sojourn in the earth’s
crust.

In order to examine the accuracy of this method of
determining the atomic weight and the efficiency of
the method of purification, ordinary calcium (Merck’s"
¢ calcium carbonate ’) was mixed with salts of barium,
strontium, magnesium, aluminium, and iron, and then
extracted and purified by the same methods as had
been used for the calcium from the microcline. The
atomic weight of this calcium was then determined,
and the results of three experiments gave respectively,
40:06, 40-16, and 40-08, as compared with the value
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40-07 of T. W. Richards.
results is 40-10.

It is our intention to continue this investigation,
and to determine accurately the atomic weight of
calcium from microcline, by using a larger quantity
of the material. A. V. Frosrt.

O. Frost.

The mean of these three

Vasily Island,
Leningrad.

WE are indebted to the Editor of NaTure for the
privilege of reading the above interesting communica-
tion, which, so far as it goes, seems to indicate a
calcium isotope of mass 41 as the disintegration
product of potassium.

In view of the uncertainty which is likely to arise
from the use of so small a quantity of material
(0-15 gm. CaO), and the rather large difference
(0-1 unit) between the extreme values of their three
determinations with ordinary calcium, we shall look
forward with interest to the results of the authors’
projected work with larger quantities of material.

The suggested explanation of the discrepancy
between the experimental and calculated atomic
weights of calcium from microcline would surely tend
to make the experimental value higher instead of lower
than the calculated value. It would be predominantly
40-07 calcium that would be involved if calcium were
lost during the life of the mineral.

The calculated value of the atomic weight of the
calcium from microcline is necessarily far from trust-
worthy, as it involves not only the uncertainty of the
disintegration constant of potassium, but also an
undoubted error in the age assigned to the microcline.
According to Backlund, the pegmatites of Miask are
younger than the biotite-granite of the region and the
cataclastic deformation that followed : that is to say,
they are a little younger than the orogenesis of
Artinskian (Lower Permian) time. Stratigraphically
they are directly known to be younger than the
Middle Carboniferous. As von Bubnoff has pointed
out, sedimentary deposits younger than the Middle
Carboniferous are not known in the East Urals, and
exact time definition is therefore not practicable.

It is nevertheless clear that the age to be considered
in making the atomic weight calculation should be not
10° years, but rather less than 2 x 108 years. Adopting
the latter figure, the amount of Ca*! in the extracted
calcium from the microcline would be only 5 per cent
as against 25 per cent previously assumed. It is here
tacitly assumed that the average atomic weight of
ordinary calcium was the same 2 x 108 years ago as it
isnow. There is no means of estimating the difference,
but as it is in any case quite inappreciable, it may
safely be ignored. For an age 2 x 108 years the atomic
weight of the microcline calcium is calculated to be
almost exactly 40-1. ArTHUR HOLMES.

RosErT W. LAWSON.

Measurements of Noise by Means of a Tuning-fork. '

IN recent work I have been assessing the loudness
of certain noises by means of an audiometer of the
type in which a note in a telephone earpiece over one
ear is adjusted in loudness until it appears to be as
loud as the noise observed by the other ear, or alter-
natively, is just masked by it. For general observa-
tions of everyday noise when the instrument is not at
hand, I find it possible to use a tuning-fork on the
same lines. The fork is struck in a standard manner,
and note is made of the time which elapses before the
loudness of the fork, when placed as close to the ear
as possible with the flat of a prong facing the auditory
meatus, falls to the loudness of the observed noise.
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The total interval which elapses before the fork is
masked by the noise is also taken for check purposes.

Since the sensation-stimulus law of the ear and the
law of decay of the fork vibrations are both practically
logarithmic, it follows that equal intervals of time
give approximately equal reductions in the loudness
of the note from a struck fork. The fork actually used
had a frequency of 640 vibrations per second. The
intensity of the note when the fork was first struck
was about 90 decibels! above the threshold and it
died away to inaudibility in about 62 seconds. The
average rate of decay was thus about 1} decibels per
second. Actually it was found that the decay of the
fork was rather greater at large amplitudes than at
small—a fact that may be associated with an observed
drift in the performance of the fork during the months
it has been in use. Since it was known that the pres-

noisy at Kingston as near Oxford Circus in London,
and had the general loudness of accelerating cars and
buses. Experiments in the first and third class com-
partments of a certain train revealed that the noise
levels were about the same until the windows were
closed, and then the first class compartment was defi-
nitely the quieter by some 5 decibels or so.

Loud radio speech at home corresponded with really
loud conversation, and transmission through a 4} in.
brick wall into an adjacent room reduced the level by
some 30 decibels to that of rather quiet conversation.
In an interesting case where complaint was made of
the noise from a loud-speaker which could be heard up
and down a residential street, the loudness observed
through open windows in a room in the house on the
opposite side of the street was also of conversational
level. The fatigue of conversation in busy streets,

LOUDNESS LEVELS OF VARIOUS NOISES.

Fork Loud-
nessa(ll)l:)%:ébels At Home. In Street. In Vehicles. Miscellaneous.
Threshold).
130 Threshold of painful
sounds.
120 .-
‘ 110 Aero engine (10) (un-
]‘ silenced).
‘ 100 Express train (12)
| 7 (estimated).
90 Pneumatic drill (20). | Tram on v. noisy .o
rails.
80 V. L. radio music. | Motor horn (20). Tube train. o
70 L. radio music. | V. busy traffic, | Bus top. Tram. | Electric train start-
accelerating cars Train (open win- ing. V. noisy res-
and buses. dows). taurant.  Type-
writer.
60 L. radio speech. | Busy traffic. Saloon car (35
m.p.h.).
50 Q. radio music. | Q. car. Q. street, TI‘a,iI;l (windows | Moderate restaurant
Conversation. behind Regent St. shut), st class. clatter.
40 L. whisper (5). 55 Saloon car (25|Q. restaurant in
V. q. radio. m.p.h.). Strand.
30 o Q. street, evening, no 5 Walking on gravel.

20 Q. garden.
10 Q. whisper (5).

Liooen

(Q=quiet. L=loud.

sure variation in the minimum sound of this pitch
audible to the observer’s ear was about 1 millidyne
per sq. cm., the scale of the loudness of the fork is an
absolute one.

By extrapolating an approximately average linear
relation found to exist for moderately loud noises
between ‘ equality ’ results and ‘ masking > values, it
was possible to use ‘ masking > values alone in assess-
ing noises which were louder than the fork, and the
scale was thus extended to 110 decibels above the
threshold.

A number of observations of the ordinary level of
daily noise taken over a period of some months have
been summarised in the table. It is not claimed that
the table is complete, or that conditions were always
average, but consistency and reasonableness were re-
vealed when observations made over a period of some
months were summarised. For example, an acceler-
ating bus gave the same result when observed in
Regent Street as when observed on a quiet night in
Teddington. A really busy street was practically as

1 A change of 1 decibel—a power step of 10°? fold or 1-26 fold—is of
the order of the minimum difference in loudness detectable by the ear.
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1 traffic, suburban.

Rustle of leaves in
wind.

Figures in brackets are distances in feet from the source.)

trams, buses, trains, and noisy restaurants, is to be
expected from the fact that the level of noise is gener-
ally greater than that of conversation.
A. H. Davis.
Physics Department,
National Physical Laboratory,
Teddington, Middlesex.

Thames Floods and Pollution.

THE note on the Thames flood of 1928 (NATURE,
Jan. 4, p. 32) is of the very greatest topical interest,
for not only have the recent December floods covered
an unexpectedly large area, again submerging districts
upon which council houses have been built, but they
have also shown how river pollution must rapidly
increase as fields get replaced by residential quarters
with drainage systems far below the level of the river.

According to the old order of Nature, flood waters
used to accumulate above Oxford, perhaps submerging
the water-meadows for weeks at a time, but at any rate
much water was there ponded, helping to save from

B 2
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serious flooding more valuable lower reaches of the
Thames nearer London. Recent experiences seem to
show that the Conservators of the Thames are chang-
ing this. By costly enlargements of weirs, channels,
and bridges, the water is hurried down from the upper
pastures on to the residential areas below. These
areas, being land liable to flooding, would never have
been built upon but for the optimistic parrot-cry of
‘ No more floods’, whenever some notable work of
river engineering has been accomplished. Either in
spite of what has been done, or in consequence of it,
the failures have been so frequent and so costly, that
the time is ripe for a thorough and scientific investi-
gation of very complex problems that need never have
arisen. The river is no longer adequate to meet, all
the requirements of those huge and increasing popu-
lations that have settled within its watershed. It
therefore becomes necessary to define the objects of
primary importance that are served by the Thames,
and what should be subordinated thereto.

That there are good grounds for mistrust in the
future is shown by a recent publication, ¢ The
Thames Valley from Cricklade to Staines *’, in which
the urgent duty of the preservation of the beautiful
and beloved °landscape character’ of the river is
most strongly advocated. But it behoves a scientific
statesman to approach the subject from a rather
different point of view. 2

The essential of a river is not its setting, but its
water. London draws a large percentage of its drink-
ing water from the Thames. Oxford and Reading are
eqrally dependent upon it. The few barges and
faceories upon the upper reaches are surely matters
of small consequence as compared with London’s
need of pure water. Birmingham, Liverpool, Glasgow
have all acquired Nature reserves as catchment basins
for their water-supply, and take extraordinary pre-
cautions to preserve the purity of their sources.
Streams that are possible sources of pollution have
been diverted, dwelling-houses have been pulled down,
tenants have been evicted, the very hillsides have been
rationed in the matter of grazing cattle. The result
is a city supply of a beverage that is worth drinking.
London has been strangely apathetic in the matter,
with the result that she drinks the bath-water of
other towns : indeed, much of her ¢ water’ is stuff to
which that blessed word ‘ effluent ’ has been applied
several times over. Oxford drinks the effluent of
factories on the upper Thames and its tributaries, and
puts effluent back into the river at Kennington for the
benefit of towns below. Similarly, Reading uses what
it desires, and excretes an °effluent’ for others.
Finally, the water after final chlorination is served in
the flat form familiar to the citizens of the capital city
of the Empire.

All through the drought of the past summer, the
stagnant river had barely current enough to shift an
oily scum, derived from motor boats and the washings
of motor-cars. This scum is most harmful to bird and
animal life, and is most deterrent to picnickers. During
the past month the upper Thames has suffered pollu-
tion through the gushing of sewage from low-lying
drains into the Thames ; by the washing out of gas-
water from a huge gasometer into the river—and water
over which coal-gas has been standing is perhaps one
of the most deadly of effluents to fish-life ; and by
the unhindered flow of inky black effluent (untreated)
from the refuse dumps of Oxford directly into the
Thames. It is obvious that the river is also receiving
water that has been slowly flowing over acres of
manured allotment grounds, and through thousands
of ill-kept back-yards of slum houses. Everything
soluble, and much that can be carried in suspension,
will go floating down stream to the intakes of the
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Water Board. We admire their assiduity in sterilising
and their success in preparing drinking water from
such polluted sources.

The real question to be settled is why precautions
which are taken to preserve the purity of the water of
Lake Vyrnwy or Lake Thirlmere should not be applied
to the Thames. The scheme of confining the river to
a narrow canal would be costly, inefficient, and inex-
pedient, but the preservation of a natural river flowing
beside a definite flood-zone of water meadows, free
from exceptional sources of contamination, would be
Nature’s own way of dealing with the needs of the
Thames. ' :

An independent potamological station for the
scientific investigation of the Thames has often been
suggested. It could perform a national service now.

R. T. GUNTHER.

Visible Electron Diffraction.

UnTin now diffraction of electrons has only been
made evident by delicate electrometric measurements
or by photographic exposures of several hours. I
have succeeded for the first time in making visible
on a fluorescent screen diffraction rings produced by a
crystalline powder. This latter is a thin film of zinc
oxide obtained according to the process described by
M. Ponte (Comptes rendus, 188,244 ; Jan. 1929). This
film is formed by an agglomeration of microcrystalline
particles of smoke and possesses marked electrical
conductivity. While working the tube, one can bring
a given sample or a given area of the sample into the

F16. 1.—Diffraction rings of zine oxide.
V=19 k.v. D=13 cm.; exposure=10 seconds.

path of the electron beam. With a current of some
tenths of a milliampere and a voltage exceeding 8000
volts between the cathode and the collimator tube, the
two principal rings of zinc oxide are easily visible
(Fig. 1). They are some tenths of a millimetre wide
and some centimetres in diameter.

One can follow on the screen their variation in
diameter according to the voltage. The moving of a
magnet near the tube displaced the entire diffraction
pattern. Using ordinary photographic plates, the
necessary time exposure under 15 k.v. pressure does
not exceed ten seconds. The law of M. Louis de Broglie
is easily verified with an approximation of a few hun-
dredths. The sight on the screen of movable rings
of a variable diameter seems thus to provide the most
direct and convincing proof of crystalline electron
diffraction.

A. DAUVILLIER.

Laboratoire de Recherches Physiques

sur les Rayons X,
12 Rue Lord-Byron, 8e Arrt.
Paris, Nov. 18.
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Reflection of Protons from Calcite.

I mAVE recently found that hydrogen canal rays give
a complex reflection pattern when they are allowed to
fall on a cleavage face of a calcite crystal at almost
grazing incidence. Fig. 1 shows one of these patterns.
The crystal was placed horizontally and was held by a
wire spring bearing on the top. A narrow bundle of
the rays struck the crystal underneath the wire, which
was not in absolute contact with the crystal at the
centre point. Some of the canal rays passed over the
surface of the crys-
tal without hitting
it and fell on the
photographic  plate
155 cm. distant,
giving rise to the
central spot seen in
the lower part of
Fig. 1. This spot
appears white be-
cause of solarisa-
tion of the plate
due to the concen-
trated mneutral
bundle.

The upper part of the photograph shows positive
particles reflected from the surface of the crystal. It
consists of a series of curved and straight lines forming
a regular pattern which is not perfectly symmetrical
about the vertical axis. By increasing the angle of
incidence the central spot was cut off and the figure
was considerably altered. The figure has a certain
resemblance to the secondary lines obtained by many
authors with X-rays, using the rotating crystal method
of analysis (Sir William Bragg ;  An Introduction to
Crystal Analysis ’, 1928, p. 38); however, the angular
divergence of the original bundle was scarcely large
enough to give the variation in the angular deflections
actually observed, and the Bragg equation gives far
smaller angles than
those observed if we |— ; g
assume an equivalent
wave-length from the
de Broglieformula. A
more promising in-
terpretation is that
the lines are due to
diffraction of the rays
at the two-dimen-
sional gratingsformed ||
by the rows of atoms |
in the ecrystal sur-
face. With the de
Broglie wave-
length, the angles deduced are of the right order of
magnitude.

By applying a magnetic field it was found that the
whole pattern was shifted as shown in Fig. 2. The
arrow shows the direction of the force on a positive
particle, and its length indicates the distance in the
figures that subtends an angle of 0-01 radian. As the
blackening of aphotographicplate by positive hydrogen
canal rays is chiefly due to charged hydrogen atoms,
we may conclude that the pattern is caused by the
impact of protons. The maximum potential on the
discharge tube was approximately 40,000 volts, and a
magnetic analysis showed that the positive ions were
distributed over a considerable range of energies.

Since the magnetic field does not destroy the lines,
we may consider the different points as corresponding
to particles of different velocities. A line is thus a
velocity spectrum of the protons ; or, in terms of wave
mechanics, a diffraction spectrum of their equivalent
wave-lengths. It is very significant that no un-
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Fi1G. 1.

Fi1G. 2.

deflected pattern was observed, although neutral
hydrogen atoms are present in large numbers in a canal
ray beam. The theories of wave mechanics would
not at present distinguish between the wave-lengths
associated with a proton and a neutral atom of the
same velocity. A. J. DEMPSTER.
Ryerson Physical Laboratory,
University of Chicago, Nov. 26.

Nature of Disease-Producing Viruses.

It has been pointed out on more than one occasion
that, if filterable viruses constitute a group of ultra-
microscopic organisms, it is remarkable that no
saprophytic forms are known. In NATURE of Aug. 17
last (p. 267), Dr. J. J. Davis questions the validity of
this argument, at least in the present state of our
knowledge. ¢ Until viruses can be known other than
by the effects of their parasitism, it would seem to be
quite impossible to detect corresponding bodies that
are not parasitic,” he says, and * until some ‘method
is devised by which the constituents of the virus can
be recognised, it would seem to be useless to look for
them .

In other groups of micro-organisms, however,
numerous forms are known, which, though normally
parasitic, are yet facultative saprophytes which can
be cultivated on artificial media as well as on their
natural host. So far, however, no one has been able
to cultivate a virus on an artificial medium. Re-
inoculation into the natural host should provide a
perfectly valid test for the success of such saprophytic
cultivation if it occurred. There is thus a very distinet
gap between the viruses and known types of living
micro-organisms indicated here.

Again, in the case of the normally saprophytic,
bacteria almost on the borders of visibility can be
cultivated on solid media, forming colonies visible
even to the naked eye. But no colonies which might
be considered those of a saprophytic virus have ever
been observed on artificial media, whether on agar,
gelatine, or silica-gel.

There are other facts which make it difficult to
imagine the viruses as a group of micro-organisms of
somewhat the type we know in the bacteria or pro-
tozoa, only much smaller in size. It would seem
preferable, therefore, to keep an open mind for the
present on the subject of what a virus really is, and to
continue experimental work, rather than to postulate
already a “ hypothetical intermediate combining
molecular structure, metabolism, and reproduction ”’,
and to term it a vitamol. In fact it is difficult to see
the distinction between witamol and wirus, and the
former term is objectionable in giving a certain
definiteness of ideas as to structure which our present
knowledge does not warrant.

GEOFFREY SAMUEL.

Waite Agricultural Research Institute,

University of Adelaide,
South Australia.

Some Bands of the Carbon Molecule.

THE spectrum of a condensed discharge in hydro-
carbons contains, besides the well-known CH and the
Swan bands and some other less prominent bands, a
strong system, the structure of which does not seem
to have been investigated before. We were able to
photograph these bands in the second and partly in
the fourth order of a 21-ft. concave grating, and could
thus resolve completely the rotational fine structure.
The bands have a very strong resemblance to the
Swan bands and undoubtedly arise from the same
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molecule. The bands investigated fit into the following
scheme (wave-lengths of the heads) :

n\" ‘ 0 1 2 3

0 3862-1 4102-3
1 3607-3 38256 4068-2

3399-8 35692-9 4041-9
3 33981 3587-7

The seven bands given by figures printed in italics
have been investigated for fine structure. Combina-
tion relations prove the correctness of the scheme.

Each band consists of two P- and two R-branches.
Alternatively, the red and violet doublet components
are missing. This fact, which is very striking even on
a rough inspection of the plates, proves that the bands
must be due to a symmetrical molecule and that the
nuclear spin of the atoms in question is zero. There
is therefore scarcely any other possibility but that
the bands come from a C,-molecule, which has also
been made responsible for the Swan bands. The lines
are sharp and single, and our plates allow us to say
with a very high degree of probability that three lines
near the origin are missing. The terms can be repre-
sented with great accuracy by the usual quadratic
formula : const +B(j +4%)% —B(J +4)%. All these facts.
show that we have here a II-—1II transition, and we
believe that the electron configuration (except, of
course, the orientation of the spins) is the same as that
of the terms of the Swan bands.

The molecular constants calculated from these bands
are very near to those of the Swan bands, but they
can be obtained with much greater facility and
accuracy because of the simpler structure of the bands.
We give here the values of some of the constants.
It is possible that the final values, which will be
calculated with the help of the complete material, will
be slightly different.

B/ B// JI J” wo/
; 17732 16086\ 15-62 17-22 17649
MI—-M1 417744 1-6081)
MI—-3I

1-626 15-84 17-03 17524

(Swan bands) J 1-750
In this table B =h/872J, J moment of inertia, v, the
difference between the first and the second vibrational
state, and », the origin of the 0——>0 band. The con-
stant o« which determines the degree of coupling of
the orbital moment of momentum to the nuclear axis
and therefore the °c-doubling’ is roughly 5-9 x 103
for the initial and 1-3 x 10% for the final state.
Full particulars will be published elsewhere.
G. H. DIEKE.
W. LocaTE HOLTGREVEN.
Natuurkundig Laboratorium der
Rijksuniversiteit, Groningen, Nov. 30.

The Muscular Sense.

In reference to the note by Prof. Fraser-Harris on
the ¢ Subjective Demonstration of the Existence of the
Muscular Sense ”’, in NATURE of Nov. 23, I beg to point
out that so far from the existence of this sense being
demonstrated by the simple experiment he describes,
he has really got no further than the indication of the
nature of the problem. William James was well
acquainted with such evidences, yet he decided that
the muscular sense was a ‘‘ needless encumbrance .
My own position is different from both ; the muscular
sense, or as I call it, the sense of effort, has an exist-
ence, but the affirmation of Prof. Fraser-Harris or
the denial of William James has no particular weight,
as neither is based on any analysis of a searching
character.
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The question is not whether a distinct sensation is
perceptible in the act of raising the arm, as in the
example of Prof. Fraser-Harris, but whether this
sensation is determined by, and entirely explained
by, the production of the efferent nervous stimulus
necessary to activate the muscular system involved.

The question of the sense of effort is one of the
most elusive in the whole range of psychology, and I
did not find it possible to offer a definite answer until
I had completed the analysis which led to the forma-
tion of the ¢ Fundamental Processes of the Mind .
Once the meaning of these processes is grasped, such
problems of psychology become susceptible of solution.
A complete explanation on the physical side demands
a minute examination of a long series of neurological
phenomena.

Nothing of this is suggested by Prof. Fraser-Harris,
while on the part of William James, though he had
intuitions of the necessity of ascertaining the Funda-
mental Processes, he has not given us even the
beginning of a valid analysis to that effect. Those
who are interested will find that analysis set forth
with the necessary rigour in my ° Principles of
Psychology . ARTHUR LYNCH.

Antrim Mansions, N.W.

Occurrence of Cepedea in Frogs.

WHILST examining a number of Rana temporaria
for intestinal protozoa recently, I encountered one
single frog infested with a species of Cepedea (Protozoa,
Ciliata, Opalinidee). So far as a survey of the available
literature has revealed, the only previous record of
the occurrence of a species of this genus in R. tem-
poraria is that of André (Rev. Suisse de la Zoologie,
vol. 21, p. 6, May 1913), who reports the occurrence
of Cepedea dimidiata in frogs of this species obtained
in Switzerland.

The species recorded here has not yet been examined
in sufficient detail to enable me to state whether

o 5 it is C. dimidiata or not, though a
1584-2 25965-16 cursory examination has shown it
to differ appreciably in size from
typical dimudiata obtained from
Rana esculenta. Out of a large
number of frogs obtained and ex-
amined either by me or in the course of class work,
no others have shown the presence of this species ; un-
fortunately, I have not been able to determine the
locality from which they were obtained, apart from
the statement that they were collected in England.

W. Rees WRIGHT.

The Victoria University of Manchester,

Dec. 16.

1618-1 19373-87

The Secondary Split in the Maturation Divisions
of Liliaceous Plants.

APPROPRIATE destaining in mid pachytene has
disclosed two, and only two, rows of genes; minute
bodies nearly at the limit of microscopical vision.
Repeated observations have shown that the sets of
four chromioles seen at late pachytene are united in
two pairs, like two dumb-bells, one on each side of the
primary split. Here the secondary split has not yet
been completed. Observations of diplotene in Lilium,
Fritillaria, Kniphofia, and Allium have proved that
there is only one split visible throughout, even at
the nodes. Hence I agree with Gelei, who also made
an intensive study of the pachytene stage, that the
primary split alone opens out at diplotene.

JOEN BELLING.

Carnegie Institution of Washington,

Department of Plant Biology,
University of California,
Berkeley, California, Nov. 13.



JANUARY 11, 1930]

NATURE

53

The Discovery of Tertiary Man.!

By Prof. Hexry Farrrrerp OsBorN, For.Mem.R.S., Research Professor of Zoology, Columbia University,
Honorary Curator of Vertebrate Paleontology, American Museum of Natural History.

THE discovery of Quaternary man was the
central biological achievement of the nine-
teenth century. For twenty-four centuries the
largely speculative idea of a natural rather than a
supernatural origin of man had been slowly de-
veloping through the observations of zoologists and
the dissections of comparative anatomists. From
the time of Anaximander (B.c. 547), of Galen
(A.p. 131), of Leibniz (1700), of Buffon (1755), of
Goethe (1790), of Erasmus Darwin (1794), of
Lamarck (1809), of Chambers (1844), of Leidy
(1847-73) to that of Charles Darwin (1859-71)
one bit of evidence after another was added from
comparative anatomy, untilin the sixteenth century
comparative zoology contributed the strong likeness
to man of the anthropoid apes—the chimpanzee
and gorilla of Africa, the gibbon and orang of
eastern Asia. The most significant and prophetic
observations in comparative anatomy were those
of Goethe in the discovery of a separate inter-
maxillary bone in the upper jaw of man which both
he and Leidy rightly interpreted as linking man
with the apes and other primates in which the
upper jaw is composed of two bones. Up to 1859,
the relatively new science of paleeontology had thus
far contributed nothing because the female Nean-
derthal skull of Gibraltar in 1848 and the male
Neanderthal calvarium of Germany in 1856 were
misinterpreted by Virchow, Huxley, and other
anatomists.

I emphasise comparative anatomy and zoology,
for as regards direct evidence our speculative
position toward Tertiary man in 1929 is very much
the same as Lamarck’s and Darwin’s speculative
position toward Quaternary man between 1809 and
1871, because we are still largely dependent upon
the facts afforded by comparative anatomy and
comparative zoology, in the absence of direct palee-
ontological evidence in Middle and Lower Tertiary
time. This statement is not true as regards
undirect evidence, for human pal@ontology is now in
a very strong position even to the very base of
Quaternary time, a period estimated by geologists
at 1,250,000 years. Fossil human remains of more
than a hundred Quaternary individuals have been
found, including : Paleanthropus Neanderthalensis
of Neanderthal, 48+ ; Homo sapiens of Cro-
Magnon and Chancellade, 42 ; 2 of the Trinil race
of Java (1891), Pithecanthropus erectus; 2 of the
Piltdown race, Eoanthropus dawsoni; 1 of the
Heidelberg race, Paleanthropus Heidelbergensis,
also 1 and possibly 2 more individuals recently
reported by Freudenberg under the name Hemian-
thropus ; 27 of the recently discovered Chinese
Sinanthropus Pekinensis (Schlosser, 1903 ; Zdansky,
1926 ; Black, 1927-28).

All these human fossils constitute a firm and
broad human paleontology for Quaternary time

* Retiring presidential address delivered before the American
Association for the Advancement of Science at Des Moines on Dec.
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and the close of Tertiary time. Each generic name,
for example, Paleanthropus, Pithecanthropus, Eoan-
thropus, Sinanthropus, and Homo, demonstrates an
entirely distinct branch of the fossil human families
of Quaternary time; each branch is known to
paleontologists as a phylum and the special scientific
analysis of these several branches is termed phylo-
geny. Phylogeny is a relatively new and very
important branch of biology, the principles of which
were entirely unknown to Darwin (1859-71) and
only in part known to Huxley, as they are now
revealed by the brilliant and world-wide discoveries
by invertebrate and vertebrate palaeontologists.
My forecast of the Tertiary anatomy and habits of
the * dawn-man ’ is greatly influenced by our direct
knowledge of the phylogeny of other mammals.

As Quaternary fossil man was the central bio-
logical contribution of the nineteenth century, so
Tertiary man constitutes the goal and peak of
biological discovery in the twentieth century. Thus
far I have been dealing with well-known facts
because these Quaternary fossil men have become
household words all over the world. On the other
hand, the discussion of Tertiary man carries us
into the unknown, into one of the most interesting
fields of human speculation and anatomical con-
troversy, into several divergent camps of human
opinion and interpretation, along several great lines
of comparative anatomy of the principal organs
concerned, namely, the brain, the skull and jaws,
the limbs, the hands and feet. Both w