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THE PARSONS STEAM TURBINE.
The Evolution of the Parsons Steam Turbine. By 

Alex. Richardson. Pp. xix + 264+173 plates in the 
text. (London: Offices of Engineering, 1911.) 
Price 21 j.

T N this volume there is contained an authentic record 
-L of steps taken in the development of a great 
invention. Lord Kelvin once described the work done 
by the Hon. Sir Charles Parsons in connection with 
the steam turbine as ranking in importance with the 
work of James Watt. The council of the Royal 
Society of Arts in awarding the Albert medal for 1911 
to Sir Charles Parsons, for his experimental re
searches into the laws governing the efficient action 
of steam in engines of the turbine type, and for his 
invention of the reaction type of turbine, stated that 
by means of its practical applications the production 
of mechanical power had been cheapened, economy of 
fuel and higher speeds had been obtained in steam
ships, and the problem of rotary engines, which long 
had baffled many other inventors, had been solved. 
This expression of opinion by a council which includes 
many eininent engineers and physicists will command 
universal assent: it also emphasises the value attach
ing to the record of research and achievement which 
has been undertaken and completed by the author of 
this book. The principal facts were already available, 
having been published from time to time in the Pro
ceedings of engineering societies and in engineering 
journals. But it is equally true that by collecting 
and arranging such materials the author has done a 
useful piece of work, and done it well. Not merely 
has he told the story in an interesting way, but he has 
secured the aid of Sir Charles Parsons and several of 
his colleagues, and has thus made the record complete, 
adding many new facts. One characteristic of the 
book deserves special mention : its style and method 
will enable readers to master the main steps in the 
development of the steam turbine, even though their 
knowledge of engineering is small. On the other 
hand, skilled mechanical engineers can find therein a 
wealth of illustration and a mass of valuable data 
obtained by Sir Charles Parsons and his assistants 
in their long and varied experimental researches.

It scarcely seems credible, but it is the fact, that so 
lately as 1884 Sir Charles Parsons began work on his 
first steam turbines, or that it was ten years later 
before trials were made with the first steamship 
driven by turbine machinery. During the earlier 
period progress was naturally slow : many difficulties 
had to be overcome, and outside or accidental causes 
of delay occurred. The inventor was not daunted by 
these difficulties, and he fortunately obtained support 
from friends who had confidence in his ability to face 
and solve problems which had baffled previous in
vestigators. Sir Charles Parsons, like many other 
inventors, discovered that although many previous 
attempts had been made to construct steam turbines, 
little exact or trustworthy data had been put on record 
by his predecessors. Consequently it became necessary
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for him to arrange and undertake further and costly 
experiments. The system which had previously 
found most favour with his predecessors was that 
known as the “ impulse type ” of turbine, in which 
rotary motion was produced by the impact of steam 
jets on suitably shaped cavities situated at the peri
phery of revolving wheels, or by the reaction of steam
jets issuing into the atmosphere. Sir Charles 
Parsons originated the idea of splitting up the fall in 
steam pressure, by employing a great number of 
wheels or turbines placed in series. To quote Mr. 
Richardson’s words, Sir Charles Parsons made 
“ the assumption that in each turbine the action would 
approximate to that in a turbine using an incom
pressible fluid such as water, and that the aggregate 
of such simple turbines, which together constituted 
the complete machine, would give an efficiency 
approximating to that obtained in water turbines.”

This fundamental assumption proved to be accurate; 
but when the fact had been established its embodi
ment in successful machines which were indi
vidually of large power demanded great skill and 
patient experiment. Unfortunately, after the first re
action turbines had been made and proved successful, 
difficulties of a business nature interfered for some 
time with the development of the system. Sir Charles 
Parsons then introduced turbines of the "radial flow ” 
type instead of the longitudinal flow type with which 
his name will ever be associated. The first turbine 
was produced in 1884 and was applied to the genera
tion of electricity, the design of the dynamo being 
modified by the inventor so that it might be suitable 
for association with turbines running at very high rates 
of revolution. These early turbo-generators were of 
comparatively small power and were relatively waste
ful in steam consumption, although in their mechani
cal details they were the pioneers of the enormously 
powerful machines now in use on land in electro
generating stations. In 1885 a turbo-generator of 
four-kilowatts power required 200 lb. of steam per 
kilowatt-hour. In 1910 turbo-generators of 5000 kilo
watts were produced by Sir Charles Parsons, and the 
steam consumption per kilowatt-hour was but little 
more than 13 lb. Limits of space prevent any detailed 
explanation being given of the successive improve
ments which have led to this remarkable economy in 
steam consumption; but readers desirous of tracing 
these steps will find every information in the pages of 
the volume under review.

In the application of the Parsons steam turbine to 
ship propulsion even more remarkable progress has 
been made. The first vessel (the famous Turbinia), 
completed in 1897, was a hundred feet long and 
weighed about forty-four tons; her engines developed 
2300 horse-power, and her speed was 32J knots for 
runs of short duration. Ten years later the great 
Cunard trans-Atlantic steamships Mauretania and 
Lusitania were driven by turbine machinery develop
ing 74,000 horse-power, the length of the vessels being 
about 785 feet, their weight 40,000 tons; and the 
mean speed on their fastest trans-Atlantic voyages 26 
knots. The latest armoured cruisers of the Lion class 
in the Royal Navy furnish the most notable illustra-
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tions of the application of the Parsons steam turbine 
to warships: their engines will develop more than 
70,000 horse-power, and are estimated to drive vessels 
weighing 26,400 tons at speeds approaching 30 knots 
per hour for short periods and from 26 to 27 knots for 
great distances. A table in the book shows that on 
June 30, 1910, the Parsons type of turbine had been 
applied to 333 steamships, and that their aggregate 
horse-power exceeded 4,700,000. The first order for a 
turbine destroyer was given by the British Admiralty 
in 1899; the first merchant steamer fitted with turbine 
machinery was built by Messrs. Denny in 1901; and 
this simple statement of facts indicates the unprece
dented progress which has been made by the new type 
of marine steam engine. That progress proceeds at 
an accelerated rate; and in July, 1911, 378 steam 
vessels, with an aggregate of more than 5,800,000 
horse-power in Parsons turbines, had been built or 
were building.

As time has passed and experience has been gained 
modifications and improvements have naturally been 
made by the inventor. It becomes obvious from the 
story told by Mr. Richardson that from first to last 
broad views, original research, and readiness to test 
the relative merits of alternative arrangements, have 
marked the work done by Sir Charles Parsons. The 
mechanical ingenuity which has been displayed by 
him in the details of designs for steam turbines is 
illustrated in many ways, and no one can fail to be 
impressed by the mastery of fundamental principles 
affecting the economic use of steam in engines of the 
turbine type displayed by him, and the skill shown in 
the design of mechanical engineering details, as well as 
processes of manufacture, which have been no less 
essential to the success of the new invention. In the 
marine steam turbine the principles upon which 
economy and efficiency depend are, of course, identical 
with those which hold good in steam turbines applied 
for land purposes; but in connection with ship propul
sion the designer has not only to take into account the 
efficient use of steam in turbines, but the general pro
pulsive efficiency secured by the combination of efficient 
turbines with suitable screw propellers driven by the 
turbines. In marine steam turbines it is consequently 
found necessary to accept lower rates of revolution 
than can be applied with advantage in land turbines 
because a very rapid rate of rotation tends to dimin
ished propeller-efficiency. This was one of the most 
serious problems which had to be faced in the design 
and construction of the Turbinia; its solution occupied 
a long period, and led to many modifications in that 
remarkable vessel before success was finally achieved 
and the revolution in marine steam engines above 
described was made possible.

Great differences exist in the conditions of service 
of various classes of ships, and demand different de
signs of propelling machinery. Hitherto the turbine 
has been used almost entirely in vessels of high speed, 
but its use in vessels of moderate or low speed is now 
being considered. There also Sir Charles Parsons has 
done pioneer work and has taken the lead in producing 
practical examples. A cargo steamer of good type 
(the Vespasian) has been purchased, her reciprocating 

engine has been removed, and geared turbines have 
been fitted instead. These turbines run much faster 
than the propeller shafts, so that both the turbines 
and the screw propellers can be given high efficiency. 
A long period of working in actual service, as well as 
measured mile trials, have shown a considerable gain 
in economy and cargo capacity which was well worth 
having in cargo vessels even of low speed. An
other arrangement suitable for vessels of the “ inter
mediate " type—in which large passenger accommoda
tion is combined with a great capacity for carrying 
cargo and moderate speed—is known as the “combina
tion system.” Low-pressure turbines are associated 
with reciprocating engines in such vessels, and the 
expansion of the steam can thus be carried much 
further than in engines of the reciprocating type. 
In the Olympic and Titanic, the largest vessels at pre
sent afloat in the mercantile marine, this combination 
system has been applied, and it had previously proved 
completely successful in vessels trading to Australia 
and Canada. These are but a few of the examples 
of the variety of the applications of the steam turbine 
in marine propulsion which are illustrated in this 
book; and other applications to mine ventilation, blast 
furnace operations, and other services are also de
scribed. The volume is handsomely produced and 
beautifully illustrated. W. H. W.

SYSTEMATIC BOTANY.
Handbuch der systematischen Botanik. By Prof. 

R. R. v. Wettstein. Zweite Auflage. 1 Hiilfte. 
Pp. 424. Price 20 marks. 2 Hiilfte. Pp. viii+ 
425-915. Price 24 marks. (Leipzig und Wien: 
F. Deuticke, 1910-11.)

nPHE first edition of this work appeared in 1901, and 
J- during the decade that has elapsed since, impor

tant advances have been made in the investigation of 
many groups in the vegetable kingdom, more especi
ally in the Schizophyta and the Gymnospermae. The 
first part comprises the Cryptogams and Gymnosperms, 
preceded by a general introduction of some fifty pages, 
in which the more recent discoveries and theories are 
discussed, explained, or mentioned. As the title indi
cates, the work is entirely devoted to systematic 
botany, and it may be added that it is not intended 
for the beginner, but for students already fairly well 
versed in the rudiments of the science.

The main object has been to construct, or rather to 
improve, a classification on phylogenetic principles. 
It is now generally admitted that it is impossible to 
give expression to this in a linear arrangement, 
especially as a monophyletic development can no longer 
be sustained. On this point Dr. Wettstein is very 
decided. He accepts it as probable, however, that 
the more highly organised plants—the Cormophytes— 
are of monophyletic descent, though it cannot be 
claimed that this point has been settled. On the other 
hand, he considers that it is beyond doubt that the 
so-called Thallophytes include types of very different 
origin. Consistent with these views, Wettstein dis
criminates seven “Stamme," or lines of development, 
namely, (i) Myxophyta; (ii) Schizophyta; (iii) Zygo- 



phyta; (iv) Ph®ophyta ; (v) Rhodophyta ; (vi) Euthallo- 
phyta; and (vii) Cormophyta; and he thinks it very 
probable that the Cormophytes may have been derived 
from one or the other of these stems, most probably 
from the Euthallophyta. The designation of these 
stems are mostly sufficiently descriptive to be intelli
gible ; but one is naturally curious as to what the 

•Euthallophyta include, as they are here placed next to 
the Cormophyta, on account “ of possible genetic con
nections.” Wettstein’s brief diagnosis of this group 
runs:—

“ One-celled or many-celled. Cells of the vegetative 
stages of development, clothed by a membrane, which 
is not composed of shell-like segments. Autotrophic 
(self-nourishing) or (in derived series of forms) hetero
trophic. The autotrophic forms always furnished with 
chlorophyll in the assimilating cells. Simpler forms 
propagated vegetatively only; those of higher organisa
tion sexually as well. Autotrophic forms (with isolated 
exceptions) adapted to the development of their repro
ductive organs in water. Not differentiated into root, 
stem, and leaf."

It is not assumed that the above characteristics 
(all or any one of them) are peculiar to the group; 
but as thus broadly defined, the Euthallophyta 
include two classes, the Chlorophyce® and the Fungi. 
To the first belong the orders Volvoce®, Ulothricaceae, 
Siphone®, and the Charace®. The Fungi are divided 
into parasitic and saprophytic Fungi, including those 
symbiotic with Cormophytes (Mycorrhiza, &c.), and 
Fungi symbiotic with Alg®, otherwise Lichens. The 
Myxophyta, formerly associated with Fungi, and now 
placed in the lowest series of vegetable organisms, are 
characterised thus :—

“ One-celled or many-celled. Vegetative stages of 
development composed entirely of membraneless cells. 
Nourishment never autotropic. Sexual reproduction 
altogether wanting.”

We have not space to enlarge on the treatment of 
the different groups of organisms; but it mpy be men
tioned that the Schizomycetes (bacteria) are described 
and illustrated in some detail, though the figures are 
practically all copied from Migula, Meyer, and other 
writers on the subject, and are much the same as in 
the first edition.

It may be interesting to mention that the cells of 
some of the Schizomycetes are the smallest hitherto 
measured; those of Spirillum parrum being from o'r to 
0'3 n in thickness, whilst those of the organism 
causing lung-disease in cattle are described as even 
smaller.

Turning to the Gymnosperm®. It seems a pity that 
the term “ flower " should still be employed to designate 
the organs of reproduction, with or without envelopes 
or appendages, especially as the interpretations of 
authors are so divergent; some viewing the female 
cone of an Abies, for example, as an inflorescence, 
others as a flower. Much confusion has arisen from 
this cause in the nomenclature of the components of a 
cone. Wettstein defines the flowers, “characteristic of 
all Anlhophytes,” as shoots, or parts of shoots, which 
bear the leaves on which the sexual organs of repro
duction are formed. And he adds that accepting this 

definition, Selaginella is the only other genus among 
recent plants that has flowers In this connection it 
may be added that the fossil Bennettitin® present 
some of the most singular of the “ flowers " of Gymno
sperms. They are either unisexual or bisexual. Those 
of Cycadeoidea ingens are interpreted as having a 
perianth of numerous plumose segments; twelve 
pinnate stamens, involute in ®stivation, with very 
numerous anther-cells, and a solitary central gyn®ceum 
or ovule, whereas C. Wielandii has female “ flowers ” 
with a plumose perianth and numerous separate 
ovules, or gynaecia, looking much more like pistils.

Tumboa (Welwitschia) is mentioned as the only 
living gymnosperm in which the pollen is conveyed 
by insects to the ovules.

The foregoing was written before the second part 
of the work was received. This has undergone less 
modification than the first, and we must dismiss it 
with a few words. We note that the proposed new 
Order or Family, the Julianiace®, has been accepted 
and placed in the Juglandales, though Hallier had 
previously reduced it to the Terebinthace®. The entire 
work has undergone an enlargement from 778 pages 
to 914, with 571 additional figures. Most of the figures 
are exceedingly good, but unfortunately many of them 
have lost much of their beauty through being printed 
too black. Of course, in a comprehensive work like 
the present, a large proportion of the figures must be 
borrowed; but here the source of every one is indi
cated. It may be added that Dr. Wettstein writes a 
simple, clear German which is easily construed.

W. B. H.

PHOTOMICROGRAPHY.
Practical Photomicrography. By J. E. Barnard. 

Pp. xii + 322+10 plates. (London: Edward Arnold, 
1911.) Price 15s. net.

KING SOLOMON’S remark that "of making 
books there is no end,” applies to the subject 

of Photomicrography nowadays, as well as to any 
subject in his time, for many indeed are the books, 
both large and small, that are now available. Yet 
the author of “ Practical Photomicrography ” has 
had the courage to publish a handsome volume of 
some 300 pages which we think fills a unique place. 
Our reason for saying so is because we should 
call this book a dictionary upon the subject rather 
than a practical guide, and there is no such work 
as that in existence. For example, if we require 
an illuminant suitable for some special class of work, 
we have only to turn to our dictionary, open the 
chapter devoted to “sources of illumination,” and 
there we find an epitome of all that is known upon 
the subject. So, too, with cameras for all classes of 
work, photographic stands, and, indeed, every other 
thing connected with photomicrography. But if we 
look for practical hints or useful “dodges,” such as 
the author must know in abundance, we can find— 
if, indeed, any at all—only a very meagre supply. 
There is no taking the beginner by the hand when 
attempting his first photograph, and telling him how 



to proceed to obtain a uniform background, and how 
to adapt and regulate his screen or filter so as to 
increase or diminish contrast; no explaining to him 
such things as how to distinguish between the use of 
an ordinary inch on his microscope, and the employ
ment of a planar or such-like combination of the same 
magnifying power; no helping him to make progress 
from low-power work to high-power magnifications, 
and the pointing out to him the many pitfalls he may 
expect in this section of the work. Nothing, or very 
little indeed of this nature is given; anyhow, in a 
collective and succinct form.

Proceeding seriatim through the book, the introduc
tion over, the reader is told first about the microscope 
and general equipment, not so much in particular for 
any special type of work—such as high, low, or 
medium magnifications, but in a general way; and I 
tables of magnification, cuts of different eye-pieces ! 
and such-like, occupy several pages. It must not be j 
omitted to mention some good photographs of Abbe’s I 
test-plate, but we question the expediency of compar
ing the photographic performance of achromats with 
that of apochromats, unless the former are used in I 
conjunction with a suitable screen to cut off the 
secondary spectrum, which we are unable to find was 
done in this instance. A student upon seeing these 
comparisons might be led to think that the achromat I 
was of no service at all, whereas the image in the I 
preferred colour with most of the newer form of | 
modern achromats is of the finest description, and 
almost rivals that produced by the apochromat: but a 
screen must be used.

Whilst referring to the resolution possessed by com
binations of different numerical aperture, an error has 
crept in on p. 60. The 80,000 should be 40,000, as a 
solid direct cone is being spoken about, and not oblique 
light. Abbe’s law of doubling the number of waves 
to the inch of the light employed refers only to the 
use of oblique pencils, and not to direct illumination 
at all. Passing over this slip in the reading of the 
proofs, we come to the consideration of collecting 
systems, and here again we find a most comprehensive 
chapter full of interest and information; but we must 
remind the reader that the Kohler lenses are not of 
the simple kind that the author leads one to believe. 
A careful examination of their curves reveals at once 
that they are of what may be called the distorted type. 
Their originality and usefulness has led the makers 
to call them after their inventor’s name.

The sources of illumination, as we have already said, 
are fully discussed in the chapter devoted to this 
branch of the subject, and the dark-room and photo
graphic methods, with all connected with the produc
tion of the negative and positive, whether on glass or 
paper, carefully gone into. The master mind is here 
very much in evidence, although he offers but scanty 
information how to distinguish a slightly over-exposed 
from a slightly under-exposed plate; his opinions 
would have been welcome we feel sure, even to the 
experienced hand, for at times it is extremely difficult 
to decide.

Several methods of reducing vibration with appara
tus located in other places than the basement are 
mentioned, but we did not notice the method of using 

several layers of carpet-felt under each leg of the 
apparatus. We have been told—and it is common 
knowledge—that several workers in busy streets 
employ this method—which was suggested by Mr. 
Norman—with much satisfaction.

A chapter is written upon the manipulation of the 
apparatus in general, but it is of a scattered nature 
and not collected under specific heads, so that the 
reader is left to ferret out what he wants for any 
special kind of work. The information may be there, 
but not easy to find.

The use of filters and screens is dealt with, and, so 
far as it goes, is of great value and information ; but 
it is to be regretted more particular mention is nut 
made of the uses of the box of “ gelatines " sold by 
Messrs. Wratten and Wainwright, of Croydon. In 
the booklet accompanying til^ arrangement opposite 
to the name of most dyes used for microscopy, is 
placed the number of the screen to be used to increase 
contrast if required, whilst, in addition, besides show
ing how to reduce contrast, a table is given showing 
how by the assembling of certain of the same films 
together, monochromatic light of given wave-length 
can be obtained at almost any part of the visible 
spectrum. It is obvious of what service this little 
“ box " is to the practical man at work, and ought to 
be always named as part of the equipment.

The description of several special processes, stereo
scopic photography, the photographing of culture tubes 
and cultures, are followed by some important remarks 
concerning the use of ultra-violet rays; and then 
comes a very comprehensive index and the plates.

We are bound to express our disappointment at the 
appearance presented by plate i. Everyone knows 
it is not altogether easy to obtain a uniformly and 
pleasantly tinted background, but in this instance the 
blocks have been cut away up to the very margin of 
the object, and even that is sliced up into moieties! 
Surely a student who looks for guidance wants an 
ideal to live up to, a standard at which to aim? If 
the teacher be guilty of exhibiting work of this descrip
tion, how will he teach the tyro to do better? The 
author’s strong point is certainly not that of photo
graphing diatoms, but is rather that dealing with 
bacteriological specimens and such like. Take, for 
example, the photograph of Trypanosoma gambiense, 
or that of Jiacillus typhosus, in plate vii. : we doubt 
if it be possible to find two more magnificent illus
trations in any book upon the subject. So too with 
the Podura scales in plate viii. The manner in which 
the constriction around the head of the so-called 
“comma” or "note" is shown is beyond all praise, 
and so too is the delicate tapering off to a point of 
its extreme end : it is perfection. We wonder what 
the promoters of the new idea that this focus is not 
the correct one, and that they have found another 
two or three (according to how they misarrange 
their adjustments), will say to this magnificent work? 
Taking “ Practical Photomicrography ” as a whole, 
we cordially recommend it, and congratulate the 
writer; but the reader must approach it as a dictionary 
full of answers to questions he may desire to put, 
rather than as a guide, philosopher, and friend, for that 
it is not.



MODERN ELECTROMAGNETIC THEORY.
Outlines of the Theory of Electromagnetism: a 

Series of Lectures delivered before the Calcutta 
University. By Dr. G. T. Walker, F.R.S. Pp. 
viii + 52. (Cambridge: University Press, 1910.) 
Price 3s. net.

HESE lectures were intended to present some of 
the more important developments of electro

magnetic theory in a connected and convenient form 
for the use of advanced students in the University 
of Calcutta and of the lecturers in outlying colleges. 
Following the example of Abraham and Foppl’s ex
cellent treatise, the author prefixes a chapter on the 
notation and methods of vector analysis, employing 
clarendon type for vector quantities. These are 
adhered to closely throughout the book, with the 
slight excursions into Cartesian method which seem 
to be inevitable. The second chapter consists of some 
illustrations of the application of these methods to 
the magnetostatic field. This is followed by an 
account of the Hertzian form of the equations of the 
electromagnetic field both for stationary and for mov
ing bodies, with an indication of instances in which 
they fail to agree with experiment, and, finally, the 
electron theory of Lorentz is expounded so far as the 
general equations of the field are concerned.

The book is welcome as partly supplying the great 
need of an English text-book setting forth clearly the 
present state of electromagnetic theory, which seems 
in the last few years to have emerged a little from 
the purely tentative stage. The accumulated evidence 
against the possibility of the determination of a 
unique velocity of matter relative to the rether is 
giving physicists a prepossession in favour of the 
Lorentz field-equations. The present work seems to 
be directed mainly towards familiarising a larger 
public with the theory on which these equations are 
based, as contrasted with the earlier theory of Hertz. 
The account given is concise and free from digres
sions, and well adapted to the author’s purpose.

In one respect the book might have been improved, 
and have assisted more materially than it does in 
establishing a uniform usage among English writers 
on electromagnetism. The author speaks of the 
polarisation of the aether, polarisation of the matter, 
and of total polarisation. Now that the theory of the 
stagnant aether is generally accepted, the time would 
seem ripe for confining the term polarisation to the 
second of these quantities, even if the unsatisfactory 
term displacement has to be retained for the last, as 
is done by Lorentz in his “ Theory of Electrons" 
(Leipzig, 1909). It would be a great advantage to 
students beginning to read the subject if English- 
speaking physicists would adopt a terminology 
analogous to that used in recent German accounts of 
the subject (e.g. Lorentz, " Enzyk der Math. Wiss.”; 
Abraham, “ Theorie der Elektrizitat," Bd. 2), where 
the term Erregung is used for both displacement 
(electric) and induction (magnetic).

The author is slightly confusing in his use of 
symbols, making an otherwise very clear exposition 
more difficult to follow. Without warning, the nota
tion for the magnetic induction is changed from B 

to H, a new symbol, Hp being introduced for the 
magnetic force, and an equally novel one, G', for 
the magnetisation. Closely following one another 
we find the three equations, dive = p, divD' = ~p, 
div(E + D') = p, in each of which p has a different 
significance. An apparent desire for brevity has 
caused the omission of explanation which was prob
ably present in the spoken lectures and would 
make the book much easier to read for one to whom 
the subject was unfamiliar. The process of finding 
the average electric force over a small element of 
volume, so fundamental to the Lorentz theory, would 
with advantage have received fuller explanation, if 
only by a bare definition of the averaged vectors.

Save for the few exceptions referred to, the book 
marks a distinct advance towards a text-book which 
shall give its readers a clear outline of modern theory 
as it is at present developed.

ELEMENTARY PRINCIPLES OF AVIATION.
(1) Elementary Aeronautics, or the Science and Prac

tice of Aerial Machines, By A. P. Thurston. Pp. 
vii+126. (London: Whittaker and Co., 1911.) 
Price 3s. 6d. net.

(2) The Principles of Aeroplane Construction. With 
Calculations, Formulas, and 51 Diagrams. By 
R. Kennedy. Pp. vii+137. (London: J. and A. 
Churchill, 1911.) Price 5s. net.

(t) “pLEMENTARY AERONAUTICS” is a care- 
ful collection of available information, 

together with some elementary theorems in aero
dynamics which are, on the whole, good. It is neces
sary in considering early theories in aeronautics, that 
the reader should be carefully informed as to the 
limitations imposed by the initial assumptions, and 
also of departures from usual practice. This' feature 
is not always sufficiently emphasised in the present 
work.

Generally speaking, frictional resistances are 
ignored without mention, and on p. 20 a new defini
tion of stream lines is given which is quite foreign 

1 to the more usual definition adopted in mathematical 
aerodynamics. Further, the equation used in this 
case is only applicable to an incompressible fluid, and 
it is possible that for propellers such an assumption 
may not be justifiable.

A small point of printing is worth noting. Suffixes 
are not always clearly indicated, and might easily be 

| misread for factors. An obvious case occurs at the 
I bottom of p. 5, where P« cos « is written for P„ cos a.

The first thirty-one pages provide a sound resume 
of current data, accompanied by illustrations of the 
motion of air round obstacles. The advantage of 
aerocurves as compared with planes is clearly and 
correctly indicated. The work then proceeds imme
diately to less certain ground in the discussion of 
stability. The formula for damping of oscillations 
deduced on p. 37 appears to be wrong, as the damp
ing effect of a plane is largely dependent on the for
ward speed—an effect which is ignored.

The chapter on propellers and helicopters is good 
only if it be clearly borne in mind that ideal condi
tions are assumed for most of the theoretical de



ductions. Air is supposed to be a frictionless fluid, 
and it needs some little care to distinguish between 
deductions from theory and experiment. With the 
assumptions clearly stated the chapters would be 
sound.

The applications of principles and tables to designs 
will be quite easily understood and appreciated, the 
calculations involving only the most elementary know
ledge of algebra, and the guiding principles being 
quite trustworthy.

Laboratory apparatus does not make an impressive 
portion of the book, the notes given being of very 
general interest only, and in most cases insufficient 
to give any practical guidance to students new to 
experimental aerodynamics.

The remainder of the book is then occupied by 
descriptions of the successful flying machines and 
engines. As before, when the author was dealing 
with established data, the work is good, and as com
plete as is possible at the present time, the items of 
further interest being difficult to obtain.

The book is well worth reading by anyone starting 
on a study of aeronautics, as, in spite of its simple 
and elementary character, it is a fairly complete 
survey of the more trustworthy existing knowledge 
and practice.

(2) It is exceedingly difficult to appreciate the point 
of view of the author of this book. The mechanical 
principles involved are curiously contorted, and a 
brand new theory of lift is put forward which the 
author confesses may be defective. The theory is then 
justified by the remark that if modified as indicated 
“ such a theory could not give any determinate 
data."

Many of the calculations are nevertheless right, 
and, in fact, are usually so on the assumptions 
adopted.

Passing over minor points, we find on p. 17 that 
velocity and acceleration have come to mean so 
much the same thing to the author, that the reader 
is told that if V be the vertical velocity of a weight 
W, which is moved by pushing an inclined plane 
under it, the vertical force on the plane when moving 
with constant forward velocity is greater than the

WVforce when the plane is at rest by —— . By sacri
ficing consistency, however, the author gets back to 
better dynamical principles when dealing with fluids.

In order to make the mass of fluid dealt with deter
minate, various arbitrary and improbable assump
tions are made, and considering everything, the con
sequent numerical results are remarkably good. A 
wholesome respect for records of flights enables the 
author to extract multiplying factors to replace defects 
of theory.

On p. 23 is given an a priori proof that a “ partial 
vacuum cannot be produced in the neighbourhood of 
an aeroplane in an open atmosphere. In view of 
experimental evidence that "partial” vacua are ex
tremely important, an a priori proof is absolutely 
worthless. The argument is, however, consistent with 
a general attitude of doubt as to the value of experi
ments on models, the law of relative motion, and the 

resources of scientific inquiry not being fully appre
ciated. (Pp. 62-3, &c.)

The very difficult problem of obtaining automatic 
stability is dismissed in five lines as a simple problem 
having many simple solutions.

To anyone beginning the serious study of flight 
this book would appear to be a dangerous intro
duction. L. Bairstow.

OUR BOOK SHELF.
School of Agriculture, Cambridge. A Course of 

Practical Work in Agricultural Chemistry for Senior 
Students. By Prof. T. B. Wood. Pp. 56. (Cam
bridge: University Press, 1911.) Price 2s. bd. net.

In this modest booklet Prof. Wood sets out the 
practical exercises through which his students are ex
pected to work during their course in the Cambridge 
School of Agriculture. It will be studied with interest 
bv teachers of agricultural chemistry in other colleges, 
who have not as yet any very extensive text-book 
literature at their disposal. Further, many of them 
will be anxious to learn as much as possible of the 
secret of Prof. Wood's success, and to see the details 
of the course he has evolved since he has been respons
ible for the teaching of agricultural chemistry at 
Cambridge.

The exercises set are mainly analytical. Right 
from the outset the student has to use the accepted 
method, working it out in all its details; there are no 
short class-room methods such as would have to be 
discarded later. Much time is thus saved, for the 
student has nothing to unlearn when he leaves college 
and has to attack actual problems in a technical labora
tory. The system is only possible, of course, when 
the student has already had a certain amount of ex
perience of chemical work before turning to agricul
tural chemistry, but this ought always to be the case.

Where methods are so conventional as they neces
sarily are in agricultural chemistry, there is little 
room for originality, but Prof. Wood is not entirely 
hampered by custom, and has not hesitated to give 
newer methods where any advantage is to be gained. 
Thus he uses Neubauer’s method for determining the 
potash and phosphoric acid in soils, which for some 
reason or other is not commonly used in England in 
spite of its accuracy and rapidity. He also describes 
the volumetric method of determining phosphoric acid, 
in addition to the ordinary gravimetric method. 
Other exercises include short studies of clay, sand, 
and humus, the retention of manures by soil, and 
experiments on oils and proteins. Sufficient detail is 
everywhere given to enable the student to work on 
his own account, but there is nothing superfluous, and 
the whole forty sections go into fifty pages. Alto
gether the book can be cordially recommended for 
advanced students, and also for the growing class of 
men who have to carry out agricultural examinations 
and analyses but do not want to purchase the large 
costly manuals. Most of the routine work of an 
agricultural laboratory is described. E. J. R.
Physical Geography for Schools. By B. Smith. Pp.

viii+190. (London: A. and C. Black, 1911.) Price 
3s. 6d.

“We have," wrote W. D. Cooley in 1875, “numerous 
treatises on physical geography which are in reality 
merely’ outlines of geology,” and he attributed them 

I to the influence of the ardent geologists of half a 
century earlier who had ennobled the rudiments of 

I geography connected with their own pursuits with the 
j title of physical geography.



Mr. Bernard Smith's text-book shows that there is 
still ground for Mr. Cooley’s complaint, for it treats 
physical geography as mainly geology. It describes 
the physical process at work on the earth’s surface, 
and deals inadequately with the distribution of the 
results and their influence on human development. 
The book is admirably illustrated, but a large propor
tion of its 221 figures are geological, and many of 
the best are from the collection of the Geological 
Survey. The photograph of the deck of a warship 
(p. 180) might have been replaced by one of more 
geographical value.

The book makes no claim to. originality either in 
subject or method. It begins with short accounts of 
the solar system and the atmosphere; most of the 
book is devoted to a description of the composition, 
sculpture, and forms of the land, and it ends with a 
brief summary of the geological history of the British 
Isles. The author occasionally assumes too much 
knowledge of other sciences, and gives some explana
tions, as of the electro-magnetic theory of light, which 
are unnecessary in a geographical text-book.

On its lines the book is well done, but the para
graph on p. 12, "The atmosphere is heated chiefly in 
two ways—by the internal heat of the earth and by 
the sun’s rays,” would suggest that the internal heat 
has a powerful effect. The term caldera is used for 
a large crater, whereas it is better limited to a 
crater formed by subsidence. There are inevitably a 
few mistakes, such as the statement that the 
Colchester earthquake destroyed from twelve to thir
teen thousand buildings; the title of a view of Stirling 
calls the river there the Tay, and the Midland Valley 
of Scotland is described as a lowland plain.
Die Elemente des Herzmuskels. By Prof. A. Dietrich.

Pp. 4b. (Jena: Gustav Fischer, 1910.) Price 1.20 
marks.

The twelfth of the series of short monographs pub
lished under the editorship of Profs. Gaup and Nagel 
is a very able and interesting account of the minute 
structure of cardiac muscle, by Prof. Dietrich, of 
Charlottenburg. Perhaps of most value at the moment 
is his concise and judicious statement of our know
ledge of the structure and distribution of the atrio
ventricular bundle, that complex system of peculiar 
fibres collecting the whole musculature of the heart 
under its extended grasp, as if for purposes of co
ordination. More original and of great interest is his 
discussion as to the meaning of the transverse lines 
which are still very generally accepted as limits to 
those individual cells by the juxtaposition of which 
the fibres of cardiac muscle are said to be formed. 
Faith in this view was somewhat shaken when it was 
found the structural element of major importance, the 
intra-cellular contractile fibrils, swept through these 
lines without interruption. More recently this view 
has been still further discredited by proof of their 
irregularity of occurrence in relation to the nuclei of 
the tissue.

Prof. Dietrich does not attempt to arrive at any 
very definite conclusion in this matter, but his treat
ment of the subject includes an excellent and impartial 
summary of views advanced bv other recent investi
gators, and is illuminated by the results of his own 
experience and observations. It seems clear that 
these lines are definite incidents of structure of in
variable occurrence and not artefacts due to condi
tions prevailing only at death or in the technique 
of the histologist. That is to say, Prof. Dietrich 
makes this clear, and his observations of their differ
ential distribution in various districts of the wall of 
the heart, and discussion as to the circumstances more 
characteristically prevalent in each of these districts 
deserve special attention.

Diack’s Medical Dictionary. Edited by John D. 
Comrie. Pp. x + 855. Fourth edition. (London : 
A. and C. Black, 1910.) Price 7s. 6d. net.

This book, which has now reached its fourth edition, 
contains an extraordinary amount of information in a 
comparatively small space. So far as we have been 
able to test it the details given seem generally to be 
accurate, and we consider that it well fulfils its 
avowed function of imparting medical knowledge in 
comparatively non-technical language, such as is re
quired by the district nurse, health visitor, clergyman 
and missionary, ship’s captain, colonist, traveller, and 
others. We think that some of the rare conditions 
mentioned, such as acromegaly, myasthenia, and 
syringomyelia, might well have been omitted, and 
the space gained have been devoted to such a subject 
as the management of labour, which is too briefly 
treated. Similarly, the pages devoted to the history 
of anaesthetics are of no real value, and had they been 
cut down to one-half, and a few practical hints given 
on the administration of anaesthetics (which occasion
ally has to be done by a missionary, ship’s captain, 
&c.), the book would have gained in usefulness.
IV/iaf will the Weather be? The Amateur Fore

caster's Fade Mecum. By FI. G. Busk. Pp. 36. 
(Cambridge: W. Heffer and Sons, Ltd., 1911.) 
Price 6d. net.

It is less than a year ago that the first edition of this 
useful booklet appeared. We notice that in the 
new edition tables for confirming a forecast, and a 
note on the significance of a barogram, have been 
added.

LETTERS TO THE EDITOR.
[77ie Editor does not hold himself responsible for opinions 

expressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part 0/Nature. 
No notice is taken of anonymous communications.^

The Early History of the Gibraltar Cranium.
The Gibraltar cranium is generally regarded by anthro

pologists as one of the most important discoveries yet 
made of the Neanderthal type of man. Unfortunately, its 
early history is imperfectly known. The two following 
letters help to make good this deficiency. For the first 
I am indebted to Colonel E. R. Kenyon, Commandant of 
the Royal Engineers at Gibraltar ; for the second, to the 
Misses Busk, daughters of Mr. George Busk, F.R.S., who 
in 1868 presented the cranium to the Royal College of 
Surgeons, England, of which he was at one time presi
dent.

Engineer House,
Gibraltar,

April 2, 1910.
“ In the Minutes of the Gibraltar Scientific Society, 

under date March 3, 1848, there is this record ” :—
Presented a Human Skull from Forbes Quarry, North 

Front, by the Secretary.
" On February 4, 1846, Lieut. Flint, R.A., was elected 

secretary, and there is no record of any change. The 
officers of the society were re-elected in February, 1847, 
and February, 1848.

“ The last recorded meeting of the society was in May, 
■ 853.

“ The old plans have been examined, and no place 
named ‘ Forbes Quarry ’ can be found, but I think there 
can be no doubt that it is the disused limestone quarry 
shown on the Ordnance Survey south-east of the ancient 
‘ Forbes Barrier.’ The obsolete batteries near there are 
the • Forbes Batteries,’ and these nre the only sites to 
which the mime ‘ Forbes ’ is attached."

“ E. R. Kenyon,
“ Col., Chief Engineer.”

“ P.S.—Lieut. Flint died at Mauritius as a captain on 
January 12, 1857.”



The famous Neanderthal remains were found in 1857, 
and are usually regarded as the first discovered remains 
of that remarkable race of early Europeans now known 
by the name of Neanderthal man (Homo primigenius, 
Schwalbe). It will be thus seen that the Gibraltar cranium 
was the first discovered trace of Neanderthal man, having 
been found nine years before the type-specimen.

The second letter is from Dr. Hugh Falconer to Mr. 
George Busk. The date of the letter was certainly 18(14 > 
Dr. Falconer and .Mr. Busk were then preparing a report 
on a large collection of fossil remains from caves at 
Gibraltar for the British Association meeting at Bath in 
that year. In this collection was the famous cranium. The 
collection was made and sent home by Captain Brome, 
who was in charge of the garrison prison. Unfortunately, 
his scientific enthusiasm led to his dismissal from his 
post and from the Services; he had employed prisoners 
to help him in the scientific investigations which led to 
the discovery of the remarkable cave fauna of Gibraltar. 
Mr. Busk took a leading part in obtaining from fellow men 
of science financial sympathy on behalf of Captain 
Brome.

31 Park Crescent,
August 27 (1804).

“ My Dear Busk,
“ A hint or two about the names which 1 have been 

rubbing up for the Priscan Pithecoid skull, Homo var. 
calpicus, from Calpe, the ancient name for the Rock of 
Gibraltar. What say you?

“ For the characters of the face : as all the pros, orthos, 
katas, &c., are already engaged in conjunction with 
gnathos, we must look elsewhere. BAe^a—aspectus, 
vultus for a foundation sound well and appropriate—e.g. 
BAegKurw “ truculus oculis circumspicio. ” 1 am sure
Pithecoid must have looked terribly truculent.

“ Now for the combination. Pro-blemmatous at a pinch 
might do, but I doubt the soundness of the combination, 
and I think a better might be agrioblemmatous, from 

wild or savage, and BVeuua. By this happy com
bination you will unite the truculence of the eye and the 
savagery of the face. Agrioblemmatous is really not a 
bad idea—it points distinctly to a peculiar savage feature— 

“ Walk up ! ladies and gentlemen. Walk up I and see 
Professor Busk’s Grand, Priscan, Pithecoid, Mesocepha- 
lous ( I), Prognathous, Agrioblemmatous, Platycnemic, 
wild Homo calpicus of Gibraltar; Sounds well, any
how.

“ But mesocephalous is French-like—radically wrong. 
The temporal is a mesocephalous bone of the head; but 
the skull itself cannot be mesocephalous, or a mid-headed 
portion of itself. Diacephalous is better than Broca’s term.

“ Yours ever,
“ H. Falconer.”

The letter shows that the veteran Scot, the pioneer of 
the Siwalik fauna, had a sense of humour, a facility in 
coining names, and a very clear conception that Homo 
calpicus was a very distinct variety of mankind. The 
cranium was duly exhibited at the meeting of the British 
Association nt Bath in 1869, but there is no record in the 
report of what Mr. Busk said about the skull (except as to 
where it was found and that it resembled the Neanderthal 
specimen) nor of Dr. Falconer’s taxonomic suggestions.

A. Keith.
Royal College of .Surgeons, Lincoln’s Inn Fields, W.C.

A New Mineral?
What may prove to be a new mineral has been obtained 

from the Du Toits Pan Mine at Kimberley. The material 
is in two forms: irregular pieces up to half a pound in 
weight, and small round pellets, which, collected together 
in a heap, would be mistaken for mixed shot. Some speci
mens are dull like lead on the outside, while others have 
a resemblance to polished nickel. The prevailing inside 
texture is spongy-looking. Under the microscope some of 
the surfaces are seen to be pitted with holes where the 
spongy texture reaches the surface. On the other hand, 
some of the larger pieces have wrinkled surfaces, not 
pitted; others have bright surfaces intersected with tinv 
cracks. Many of the specimens are covered with a blackish [ 

coating of about the thickness of paint. This is probably 
graphite ; it scrapes off easily enough.

Ihe specific gravity is on the whole something higher 
than 6-7, but by exactly how much higher it is difficult to 
say, on account of the porosity of the material. The 
hardness ranges high, varying from about 6 on a fractured 
face and on the duller outside surfaces to upwards of 9 
on some of the bright surfaces. It is attracted by the 
magnet to a moderate extent—some pieces very feebly. It 
is very brittle, and on fracture gives off a strong smell of 
carbide.

Mr. W. Versfeld, Government analyst, Cape Town, 
makes out the following analysis :—

Per cent.
Iron ....................................................7139
Silicon .........................................20.03
Carbon ... ... ... ... 8-41

99'8.3
This composition corresponds approximately with the 
symbol Fe,,Si,C,. It appears that in chemical properties 
this mineral is one of the most refractory of substances. 
The mineral acids, aqua regia, fused potassium bisulphate, 
have only a slight action upon it. Roasting at a very 
high temperature causes no change except a slight tarnish
ing. Fusion with sodic peroxide, however, causes a ready 
oxidation. Prof. Schwarz, to whom the material was sub
mitted, has taken a great interest in the find, and calls 
it, therefore, very aptly, a ferriferous carborundum.

Unfortunately, none of the material has yet been found 
in situ (nor is it very likely to be, seeing that the supply 
has now nearly ceased); all of it, so far, has been picked 
out at Pulsator by the manager, Mr. J. Stewart, in 
separating the blue-ground for diamonds. Schwarz points 
out quite truly that in the absence of a specimen in the 
blue-ground matrix the history of the material is incom
plete. Nevertheless, it seemed advisable to put the facts, 
so far as they are known, on record.

With regard to the origin of the material, Prof. Schwarz 
writes as follows:—” Dr. P. A. Wagner states in his 
paper on ‘ Kimberlite Occurrences in the Pretoria District ’ 
(Trans. Geol. Survey of S. Africa, vol. xiv., p. 62, 1911). 
that on melting up blue-ground in a crucible, metallic 
globules of iron were obtained usually enclosed in the 
olivines crystallised from the fused mass. Mr. Thornton 
Murray examined the largest of these globules and found 
it to consist of a perlitic grey cast-iron enclosing flakes of 
graphite; it weighed one gram, but the average globules 
were smaller. The new mineral from Du Toits Pan Mine 
is probably of the same nature produced naturally; some 
local source of heat, frictional or chemical, due to combus
tion of gas or otherwise, may have raised a portion of the 
blue-ground to fusion point, and thus produced the globules 
and masses by reduction of the ilmenite or even the silicates 
of iron. The refractory nature of the material renders it 
possible that it formed as an original constituent of the 
blue-ground, but the subsequent hydration of the olivine 
rock to the serpentine breccia would probably have acted 
more upon the substance than is apparent in the actual 
specimens. Re-fusion of the hydrated rock seems therefore 
a more probable explanation.” J. R. Sutton.

Kimberley, August 14.

A Miniature Rainbow.
Just about three o’clock this afternoon (I had a few 

minutes previously asked the time at the village post office) 
I witnessed a remarkable and very beautiful phenomenon. 
Coming through a woodland walk, I was caught by a 
heavy downpour of rain. As it was passing away, the sun 
shone down from a suddenly clear sky over the tops of 
the trees behind and to the right. Instantly against a 
screen of dark alder foliage on the left in front, and 
distant not more than three yards from where I stood, a 
perfect miniature rainbow was formed, its highest part 
being just about level with my eyes. It appeared broader 
than an ordinary rainbow, and much the greater portion 
was of one deep violet colour, the remaining colours 
forming merely a narrow border above. Very vivid at 
first, it quickly faded away, as the shower came to an end.

Kilderry, Londonderry, August 28. W. E. Hart.



The Fertility and Extinction of Forest Trees.
The mountains of Madeira exemplify perhaps more 

clearly than the denuded Scottish hills the " irreparable 
loss” which your correspondent “ D. W. T.” (Nature, 
June 1) deplores in the disappearance of the Scotch fir 
forests. For not only have we exhausted our splendid 
timber in prodigal excess of economic requirements, but 
we have further to face the fact that the straggling trees 
which still survive in remote or precipitous localities appear 
to have lost much of their former fertility, showing now 
no tendency to spontaneous spread nor any evidence of the 
prolific reproduction of former days. Hence we are con
fronted with the absolute extinction of woods not grown 
elsewhere—woods of very great botanic interest both in 
themselves and in relation to problems of origin and 
distribution.

Madeira (Materia) was the name given originally by the 
Portuguese discoverers to denote the densely wooded con
dition of their new possession.

The destruction ot the forests began with the first 
colonists nearly 500 years ago, and was accentuated during 
the Spanish occupation in the second century of the island 
history. No replanting whatever has been attempted since, 
nor have any effective measures been put in force to stay 
the progress of destruction. The island population, more
over, has increased during the last fifty years from 75,000 
to 150,000 people, and the land is everywhere being cleared 
and occupied.

Nevertheless, the introduction of the Pinus Pinaster 
has during the last 150 years had an important influence 
on the preservation of the surviving native vegetation, and 
the tree has become established on the heights from 1500 
feet to 3000 feet above the sea in surprising vigour and 
profusion, supplying fuel and many requirements on which 
a more durable and valuable wood would be wasted. Some 
of your readers have seen at my mountain home the 
stately growth of the Pinaster planted only sixty years 
ago. The larger trees have a girth, 5 feet above the 
ground, of 12 to 15 feet, and vary from 80 to 130 feet 
in height. They lose all their lower branches in due 
course, many of them standing in majestic isolation to 
suggest the famous “ Spear, to equal which the tallest pine 
hewn on Norwegian hills to be the mast of some great 
ammiral were but a wand.” These Pinasters were giants 
when I came into possession thirty-five years ago, and their 
growth since has been in girth rather than in altitude, 
though their heads have not yet reached the Ezekiel stage 
of your correspondent “ D. W. T. ”

In my view we should not trust to the maintenance of a 
single species in vigour and fertility, and hence 1 have 
brought many coniferous and other trees hither to test both 
quality and rate of growth, and thus their fitness to sup
plement or supplant our present supplies. Many of the 
newcomers, though growing into beautiful examples, do not 
merit extensive plantation, and I have not raised any 
specimens of Podocarpus, Widdringtonia, Libocedrus, 
Dacrydium, &c., the merits of which encourage their multi
plication ; but it is far otherwise with the Douglas fir, the 
Taxodium sempervirens, the Abies Pinsapo, Cubressus 
macrocarpa, &c., which are quite at home in their new 
environment and congenial soil, as also with the Pinus 
canariensis and the P. longifolia. The P. insignis, how
ever, in this latitude is pre-eminently worthy of general 
adoption at the elevation of 2000 feet. I received seeds of 
this species from Kew in Sir J. Hooker's time, and one 
of the trees from this source has attained a growth of 
more than too feet in twenty-six years; and I have a 
goodlv patch of young trees sown ten years ago which 
already vary from 25 to 30 feet in height.

Rut I have written enough to illustrate the importance 
of planting new varieties when threatened with declining 
fertility or extinction, though I cannot think the Pinus 
silvestris to be in any such danger. Irreparable loss is 
mainly the result of improvidence.

It is interesting to note that many of the Madeira trees 
which have become nearly sterile and almost extinct in the 
wild state become vigorous and abundantly fertile in culti
vated ground.

The Cerasus lusitanica, the weeping Juniper (J. 
Oxycedrus), Phoebe barbusana, &c., are familiar examples 
of reviving fertility in altered circumstances.

1 have sent from time to time specimens of the Madeira 
rare woods to the museum at Kew, and amongst them 
the ebony-like laurel wood of the Oreodaphnc foetens, the 
heavy oleaceous wood of the Notaelea excelsa, and a long 
hammock-carrying pole made of Clethra wood, are worth 
attention.

The Clethra arborea is happily still quite common, and 
attractive at this season with its abundant show of fragrant 
lily-of-the-valley-like flowers.

Madeira, August 21. Michael Grabham.

Non-Euclidean Geometry.
In my “ Theories of Parallelism ” I expressed my sense 

of failure in controverting Bertrand's simple proof (by 
the consideration of infinite sectors and infinite strips) of 
Euclid’s parallel axiom. This sense of failure has only 
increased since the publication of my little book.

I have also come across the statement that Poincard 
has proved that no Beltrami “ trumpet ” surface in 
Euclidean space can completely image a hyperbolic space 
unless it has a line of discontinuity on it. I would 
welcome definite information about this. It seems to me 
an important objection. Had Poincard this at the back 
of his mind when he dismissed space-theories as matters 
of convenience only in his brilliant volume “ La Science et 
1'Hypothdse ”?

There is something passing strange about the infinite 
regions of a hyperbolic space. If K is the space-constant 
and R the radius of a circle in Lobachewskian space, and 
if R is exceedingly large even compared with K, then the 
area of the circle appears as an exponential infinitude, 

K
something like wK2pK

But if a regular polygon with an indefinitely great 
number of sides (N, say) can be inscribed in this circle 
of radius R, the area of each of the N component triangles 
is only K3 times the divergence. And the divergence of 
each triangle cannot very well be supposed to exceed 2%, 
for then the angle-sum would be 3*. Hence the area of 
the polygon appears less than 2»rK3N.

Would readers offer an opinion?
Wrawby, near Brigg. W. B. Frankland.

The Salary of an Assistant Lecturer.
I have read with indignation the advertisement of the 

City of Bradford Education Committee on p. Ixiv of Nature 
of August 17 for an assistant lecturer in dyeing at a 
salary of “ 60I. per annum, with additional payment for 
evening work (two evenings per week).”

Do the members of this committee realise that they are 
offering to an assistant lecturer at their college less than 
the minimum wages—24s. a week—demanded by the rail
way strikers in the North for the lowest and least efficient 
railway employee?

They may reply that their lecturer can make a little 
more by extra work—evening work; but so can the rail
way employee, and the latter may do it without doing any 
extra work whatever.

According to the conditions of appointment, the person 
appointed will be required to devote the whole of his time 
to college work; the hours of actual attendance at the 
college are thirty-seven per week, the vacations may be 
curtailed “ if necessity demands it,” and the amount of 
the payment for the evening work is not given.

W. H. Hodgson.
Tredethlyn, Port Isaac, Cornwall, August 22.

Obsolete Botanical and Zoological Systems.
In reply to the request of L. C. M. in your issue of 

August 3. the following references may be of interest to 
him. ” Insect Architecture.” Charles Knight and Co., 
Ludgate Street, 1845, contains a chapter upon systematic 
arrangement of insects, which contains the following :— 
Aristotle’s, Linnaeus's, De Geer’s, Aldrovand’s, Vallisnieri’s, 
Fabricius’s, Latrielle's, Swammerdam’s, Ray and Wil- 
lughby's, Cuvier’s, Lamarck's, Sir Everard Home's, 
Clairville’s, Leach’s, Stephen’s, and McLeav’s classifica
tions. Hoping this may be of use. M. Niblett.

52 Oxford Road, Chesterton, Cambridge.



THE SUK PEOPLES.'
A/TR. BEECH has written an extremely interesting 

book, the possession of which will be a neces
sity to every anthropologist and student of African 
languages; and the introduction to this work by Sir 
Charles Eliot is not a few vapid pages of commenda
tory remarks signed by a notable name, but an 
essential portion of the book itself.

Mr. Beech commences his work by a description of 
the Suk people, and a sketch of 
their affinities with the surround
ing peoples. He comes to the con
clusion which was first published 
by the writer of this review in 
1902, that the so-called Suk 
peoples are really tin assemblage 
of Very diverse Negro and Negroid 
types whom the force of circum
stances has driven into something 
like tribal cohesion in that pictur
esque country of deep ravines, 
high plateaux, volcanic peaks, .and 
hot plains, between Lakes Rudolf 
.and Baringo on the east, and the 
Elgon .and Nandi plateaux on the 
west. Mr. Beech thinks that 
the traditions of the old men show 
that there were (in the m.ain) two 
original tribes living in the
western part of the Suk country 
(the Elgeyo escarpment), the
names of which were Chuk or 
Chok (the origin of the present 
name, which is a Masai corruption 
popularised by Joseph Thomson), 
and Seker; and that fugitives and 
adventurers from various sur
rounding districts entered the Suk 
country, and intermarried with the 
two original tribes. “ Every type 
is represented, from the tall, hand
some Hamite, with almost perfect 
features, to the short, dwarf-like 
pygmy, with spread nose and bolt
ing eyes.”

The author is inclined to think 
that this last-named type charac
terised both the original Chuk and 
Seker. Elsewhere in the book, in 
connection with the illustrations, 
Mr. Beech refers to a “ Bushman
like " type. Some of the first ex
plorers who wrote on the subject 
of the Silk people (including the 
reviewer) were apt to speak of the 
Bushmanlike type of Pygmy 
amongst them and amongst the 
neighbouring Andorobo (the An- 
dorobo, be it observed, speak a 
language which is related to that 
of the Suk, the Nandi, &c.). It is, 
we believe, the case that one or 
two trustworthy observers have 
noted types of physique amongst
the Andorobo which offer a slight resemblance to the 
Bushman, but it now seems to be clear that the Pygmy 
type of Suk, which also reappears amongst the Bantu 
tribes of Mount Elgon, as well as farther west in 
eastern Uganda, is decidedly not of Bushman affinities, 
but, on the contrary, obviously connected with the 
Congo Pygmy. This would seem to be the case with

1 “The Suk: their Language and Eolkh re.' By M W. H. Beech. 
With an introduction by Sir Charles Eliot. Pp. xxiv+t5'+3 n>aps+a4 
plates. (Oxford: Clarendon Press, 1911.) Price tar. 6tf. net. 

the dwarf tribes of southern Ethiopia first seen by 
the missionary Krapf, and of the Red Bongo, and other 
dwarf peoples of the Egyptian Sudan. There is no 
marked steatopygia amongst the Pygmy Suk or any of 
the dwarf races just mentioned. In other anatomical 
features connected with the external genitalia of men 
and women (which it is not necessary to specify here, 
but which are clearly illustrated in Dr. P^ringuey’s work 
on the Stone Age in South Africa), they are .almost the 
opposite pole amongst Negro races to the Bushman

Pastoral Suk (type 1). From “The Suk: their Language and Folklore."

The one or two illustrations of Pygmy types of Suk in 
Mr. Beech’s book are of value in emphasising this 
fact (the non-Bushman likeness of the Pygmy Suk), 
the more so as they are taken from nude figures.

As regards the Suk language, Mr. Beech conies to 
conclusions which seem to the reviewer to be thor
oughly sound. He recognises the great .affinity between 
Suk and Nandi (to which we would venture to add the 
Ndorobo, Sotik, and other “ Nandi " languages, and 
shows that the Turkana that giant race of Lake 



Rudolf—though it has so many affinities with the Suk 
in regard to head-dress, costume, and customs, is far 
more nearly related to the Masai-Bari group in lan
guage. In fact, this book supplies a good deal of 
evidence which would show that Nandi and Suk and 
the allied languages, though they must be classed in 
the same group with the Nilotic and Masai tongues, 
nevertheless stand very much apart from their con
geners, and no doubt include a considerable element 
of pre-existing tongues quite unrelated to those sex
denoting languages which sprang into existence in the 
Nile Valley, influenced, it may be, in a slight degree 
by the Hamitic tongues of invading White men.

In a general way it may be said 
that the Masai-Bari-Turkana sec
tion of these Nilotic tongues is Sex
denoting, and that the other groups 
(Shiluk-Dinka-Jaluo and Nandi- 
Suk) are not; or, at least, that the 
principle of indicating the female 
sex in pronouns and prefixes has 
very much weakened. In reference 
to this argument may be mentioned 
the tendency on the part of certain 
German and English writers on 
African languages in recent times to 
persist in classing the Nilotic lan
guages or members of the Nilotic 
family as “ Hamitic,” because they, 
like the totally unrelated Bongo 
language group of the western 
Egyptian Sudan, are sex-denoting. 
This idea in the syntax may have 
been inspired originally by invading 
Caucasians of Hamitic speech, but 
the result is attained, not—as in 
the case of Hausa and Musga—bv 
the deliberate adoption of Hamitic 
feminine particles, but by the use of 
Negro vocables common also to the 
Bantu languages to indicate sex, 
such as ol or lu for the masculine 
(Bantu, lume), and na or nya 
(a word originally m e a n i n g 
“ mother ”) for the feminine.

A great many interesting points 
in connection with African philology 
are indicated or are explained in 
this valuable little book, which may 
be finally commended for its light
ness in the hand and for the mass 
of first-rate information which is 
packed into a small compass.

H. H. Johnston.

WESTLAND—A NEW ZEALAND 
PROVINCE.'

AX TESTLAND is the province on 
* * the western coast of the 

South Island of New Zealand. Its 
name brings back a vision of a land 
covered by forests of tropical luxuriance, rising from a 
blue sea fringed by a white line of surf to blue moun
tains capped with fields of snow, of clean glaciers flow
ing steeply down into glades of tree ferns, and of a 
succession of pictures so varied and all so perfect in 
composition that we regard Westland as the most 
beautiful country it has been our privilege to see.

Miss M. Moreland tells in this volume the story of a 
ride through this district; and though she gives singu
larly little information, her book conveys a pleasing

1 “Through South Westland : a Journey to the Haast and Mount 
Aspiring, New Zealand.” By A. Maud Moreland. Pp. xviii+aai. 
(London: Withcrby and Co., 1911.) Price 7/. 6</. net. 

impression of her keen enjoyment of the scenery, and 
her enthusiastic admiration of the people. She dedi
cates her book to the New Zealanders who taught her 
to love their land. She rode from the Canterbury 
Plains across the Southern Alps to the western coast, 
and then down Westland, and back by the southern 
road to the eastern side of the New Zealand Alps. The 
book is illustrated by forty-eight excellent photographs 
and two maps. The author is not a geographer, and 
it was apparently only the special charm of the New 
Zealand flora that has roused her interest in botany; 
she was startled to find that the New Zealand lily is a 
tree, the Cordyline, that the pines equally exceed the

The Minarets : from the Tasman Glacier. From “ Through South Westland."

stunted pines of Scotland, and that the flax, the name 
of which she always spells Formium, has a much 
longer and stronger fibre than the European flax. She 
expresses her great indebtedness for her knowledge of 
the plants to the work of Laing and Blackwell.

W hile in Westland she visited a survey camp, and 
one of its members talked to her so enthusiastically 
about the silver cone of “ Mount Aspiring ” that she 
resolved to visit it, and after sundry misadventures 
reached the valley at its foot. She did not climb it. 
The first ascent was reserved for Captain Head. “For 
us,” she says, “ it is enough to have seen the great 
Silver Cone against the blue ; we come no more." This



remark expresses the nature of the book. The author 
is satisfied with seeing; she has made no new routes 
and collected no new information, and some of her 
statements, such as that the egg of the Kiwi is as 
large as the adult bird, are untrustworthy; but she 
will doubtless feel repaid if her book leads others to 
visit Westland, and share her keen enjoyment of that 
beautiful land.

THE REV. F. J. JERVIS-SMITH, F.R.S.

BY the death of the Rev. Frederick Jervis-Smith on 
August 23, at sixty-three years of age, the world 

of science has lost an original and acute thinker and 
a man who had a genius for designing and construct
ing instruments of delicacy and precision. Trained 
as a mechanical engineer, he gave up the calling of 
his choice, went to Oxford and entered the Church 
for family reasons. The only son of the Rev. Preben
dary Frederick Smith, of Taunton, he became the 
patron of the living of St. John’s, Taunton, and was 
vicar for a few years. But he recognised that his real 
gifts were for science, and he took his workshop to 
Oxford, where he became Millard lecturer in experi
mental mechanics at Trinity College.

The teaching laboratory in Trinity fitted up by 
Jervis-Smith was worked in connection with the 
chemical laboratory in Balliol, and afterwards with 
the laboratory in St. John’s, fitted up by Bosanquet, 
the three laboratories being close together. The pass- 

. age opened between Trinity and Balliol in 1879 was 
known as “the scientific frontier."

In the Millard Laboratory Jervis-Smith constructed 
many of his well-known instruments, among which 
special mention must be made of his electric chrono
graph. Instead of the ordinary device of a heavy 
pendulum or rod falling under the accelerating force 
of gravity, Jervis-Smith made a carriage to run down 
rails so inclined that the velocity became constant 
after a certain travel. This carriage carried a smoked 
surface on which electromagnetic styli made their 
trace, as well as a vibrating tuning-fork. This uni
formity of movement greatly simplified the conversion 
of the distance between the marks of the styli into 
time. The styli and the electromagnets were very 
small, and the retardation of the release on breaking 
the circuits was made by an ingenious system of wind
ing the coils, both very small and nearly uniform.

Jervis-Smith had intended to use his chronograph 
in the investigation of the changes of velocity in the 
propagation of the flame in the explosion of gases; 
and, indeed, he made several sets of experiments on 
the propagation of the explosion of electrolytic gas 
under pressure in steel pipes, but he returned to the 
improvement of the instrument. Prof. H. B. Dixon 
carried out all his later researches on the velocity of 
the explosion-wave in gases with the help of electro
magnetic styli constructed by Jervis-Smith. This 
chronograph has been largely used for measuring the 
flight of prbjectiles. Of his other instruments, the 
best known are the dynamometer and the integrator, 
but many of his ideas have been adopted in other 
measuring and recording instruments.

Jervis-Smith was endeared to his friends by his 
simple character, his dry humour, and the kindness 
of his heart. He would put himself to endless trouble 
to help a friend in any experimental problem, and he 
always managed to convey the idea that one was doing 
him a service by asking for his help. His skill and 
courage in saving life on the river at Oxford were 
recognised by the award to him of the Royal Humane 
Society’s medal. He married Miss Annie Eyton 
Taylor, and leaves her and one son to mourn his loss.

THE BRITISH ASSOCIATION AT 
PORTSMOUTH.

THE week’s meeting of the British Association at 
Portsmouth has now drawn to a close, and 

some general impressions of the gathering may not be 
out of place. In the first place, the weather conditions 
in Portsmouth, as in most other parts of the United 
Kingdom, have been exceptional as regards absence of 
rain and high thermometric readings. Only on one 
day has rain fallen during the whole of the week, 
which, speaking off-hand, has probably been a very 
rare occurrence even during the eighty odd years of 
the association’s existence.

The attendance has been low, which is to be de
plored, as on the whole the standard of the scientific 
work has been high. The address of the president 
(reported in full in our last number) was delivered in 
the Town Hall. The attendance at the sections, whicn 
began their work on Thursday morning, was not 
large, but the presidential addresses were of great in
terest and value. The largest number of members 
seems of recent years to be attracted to the sections 
dealing with the subjects which come into everyday 
life, and of which the “ man in the street" is con
scious. Thus in the economic and the education sec
tions the speakers had fair audiences. Agriculture 
(Sub-section K) also appealed to a good many mem
bers.

With the fine weather, naturally the garden-parties 
were much appreciated, and on Saturday the all-day 
excursions were practically all up to the limit as re
gards numbers. One party was conducted over Good
wood House, and entertained at tea by Mr. Hussey 
Freke, the agent to the Duke of Richmond ; another 
was the guest of the Duke of Norfolk at Arundel 
Castle. Other excursions were in the Isle of Wight 
and to the New Forest. It conduced much to the 
pleasantness of each excursion that certain gentlemen 
gave their local knowledge and services to act as 
guides to the several parties.

There were, as usual, two evening lectures—the 
first, on “The Physiology of Submarine Work," by 
Dr. Leonard Hill, attracting a fair audience; the 
second was by Prof. A. C. Seward on “ Links with 
the Past in the Plant World."

During the meeting various lectures of considerable 
interest were arranged, and it seemed a pity that thev 
were not more widely advertised. Mr. F. Enock 
lectured on “ Fairy-flies," and Dr. Francis Darwin on 
" The Balance-sheet of a Plant."

There was a great demand for tickets for the naval 
display on Monday afternoon, which gave the visitors 
an insight into the mass of detail and training required 
by naval commanders of the present day. The party 
was taken on board the battleship Revenge, and 
watched an attack by torpedo-boat destroyers and four 
or five submarines specially told off for the occasion.

Most sections finished their work on Tuesday, but a 
few energetic ones had material to keep them going 
until Wednesday.

The meeting next year is to be held at Dundee, 
beginning on September 4, and the president 
will be Prof. E. A. Schafer, F.R.S. The invita
tion of the City and University of Birmingham to 
meet there in 1913 was unanimously accepted at the 
council meeting on September I. The council also 
resolved by a majority to recommend that agriculture 
be constituted a separate section of the association, 
and this recommendation has been adopted by the 
General Committee and the Committee of Recommen
dations, so that there will be twelve sections in future, 
agriculture being Section M.



SECTION C.
GEOLOGY.

Opening Address by Alfred Harker, M.A., F.R.S., 
President of the Section.

Some Aspects of Modern Petrology.
In accordance with the custom which permits the 

occupant of this chair to open the proceedings with observa
tions on some selected subject, 1 wish to invite your attention 
to certain points concerning the genetic relations of igneous 
rocks. The considerations which 1 shall have to lay before 
you will be in some measure tentative and incomplete ; and 
indeed, apart from personal shortcomings, this character j 
must necessarily attach to any discussion of the subject 
which I have chosen. For petrology is at the present time 
in a state of transition—the transition, namely, from a 
merely descriptive to an inductive science—and at such a 
time wide differences of opinion are inevitable. If 1 should 
seem to do less than justice to some views which 1 do not 
share, 1 hope this fault will be attributed to the limitations 
of time and space, not to ahy intention of abusing the brief । 
authority with which 1 find myself invested.

The application of microscopical and special optical ’ 
methods, initiated some fifty years ago by Dr. Sorby, gave 
a powerful impetus to the study of the mineral constitution 
and minute structure of rocks, and has largely determined 
the course of petrological research since that epoch. For 
Sorby himself observation was a means to an end. His 
interest was in the conclusions which he was thus enabled 
to reach relative to the conditions under which the rocks 
were formed, and his contributions to this problem will 
always rank among the classics of geology. The great 
majority of his followers, however, have been content to 
record and compare the results of observation without 
pushing their inquiries farther; and indeed the name 
“petrography,” often applied to this line of research, cor
rectly denotes its purely descriptive nature. A very large 
body of fact's has now been brought together, and may be 
found, collated and systematised by a master-hand, in the 
monumental work of Rosenbusch. Beyond their intrinsic 
interest, the results thus placed on record must be of the 
highest value as furnishing one of the bases upon which may 
eventually be erected a coherent science of igneous rocks 
and igneous activity.

In earnest of this promise, recent years have witnessed a 
very marked revival of interest in what we must call at 
present the more speculative aspects of petrology. This 
manifests itself on the side of the petrographer in a growing 
disposition to seek a rational interpretation of his observa
tions in the light of known physical principles, and on the 
side of the field geologist in a more constant regard for the 
distribution, mutual associations, and mode of occurrence 
of igneous rocks. I will add, as another hopeful sign of 
the times, a decided rapprochement between the laboratory 
and the field, too often treated in practice as distinct 
departments.

As regards the former, the movement which I have noticed 
is merely a return to the standpoint of Sorby, the father of 
modern petrology. It is true indeed that, before his time, 
the problem of the origin of igneous rocks had engaged the 
ingenuity of Scropc and Darwin, of Bunsen and Durocher, 
and many others ; and the bold speculations of the heroic 
days of geology have justly exercised a lasting influence. 
The petrologist of to-day, however, has at his command a 
much ampler range of information than was possessed by 
his predecessors. In addition to the rich store of petro
graphical data already mentioned, he can press into service 
on the one hand the results of physical chemistry and on the 
other much additional knowledge which has been gathered 
concerning the structure of the earth’s crust and the distri
bution of various rock-types, both in space and in time. 
Either of these branches of the subject would furnish 
material for a much longer address than my assurance could 
venture or your complacence would endure. I have chosen 
the geographical aspect of petrology ; but, before proceeding 
to this, I will say a few words concerning the experimental 
side.

Data from the Experimental Side,
That the modern developments of physical chemistry, 

starting from the phase rule of Willard Gibbs, must in 
theory furnish all that is necessary to elucidate the
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crystallisation of igneous rock-magmas, has long been per
ceived by some petrologists. This recognition is in itself 
an advance. Natural rock-magmas, however, are far more 
complex solutions than those which chemists have employed 
in working out their laws, and the problem in its entirety 
is of a kind almost to daunt inquiry. Despite the courageous 
attempt made by Prof. Vogt, whose enthusiastic lead has 
done so much to inspire interest in the subject, it seems 
clear that the application of the laws of chemistry to the 
particular class of cases with which the petrologist is con
cerned demands as a prerequisite a large amount of experi
mental work in the laboratory. The high melting-points of 
the rock-forming minerals, their extreme viscosity, and 
other specific properties render such work extremely difficult 
and laborious. That most of the practical difficulties have 
now been overcome is due in the first place to Dr. A. L. 
Day and his colleagues of the Geophysical Laboratory at 
Washington, who have thus opened out what is virtually a 
new field of investigation. The methods of high tempera
ture measurement have been perfected and the thermometric 
scale standardised up to 1550° C., thus embracing the whole 
range of rock-formation. Calorimetric measurements have 
been so far improved that it is now possible, for instance, 
to determine specific heats, even in the highest part of this 
range, with qn accuracy ten times greater than has hitherto 
been usual at ordinary temperatures. Incidentally there has 
been, in the hands of Mr. F. E. Wright, a notable enlarge
ment of the scope of ordinary petrographical methods, since 
it has been found Necessary to devise special means of 
measuring with precision the crystallographic and optical 
constants of very minute crystals.

The American chemists have already determined the tem
perature-range of stability of numerous rock-forming 
minerals. Beginning with the simpler cases and working 
always with chemically pure material, they have established 
quantitatively the mutual relations of the various possible 
forms in a number of two-component systems and in one of 
three components. So far as these instances go, the mutual 
lowering of melting-points in a silicate-magma is now a 
matter of precise measurement, and it is no longer inferred, 
but demonstrated, that the order of crystallisation of the 
minerals depends upon their relative proportions in the 
magma. The perfect isomorphism of the plagioclase felspars 
has been finally established, and a certain degree of solid 
solution between quite different minerals has furnished the 
explanation of some apparent anomalies, such, for instance, 
as the variable composition of the mineral pyrrhotite. As 
a single illustration of how these investigations in the 
laboratory provide the working petrologist with new instru
ments of research, I will cite the conception of a geological 
temperature-scale, the fixed points on which are given by the 
temperature-limits of stability of various minerals. It is 
often possible, for example, to ascertain whether quartz in 
a given rock has crystallised above or below 5750 C., this 
being the inversion-point between the a- and fl- forms of the 
mineral. At about 8oo° there is another inversion-point, 
above which quartz is no longer stable, but gives place to 
cristobalite. In like manner we know that wollastonite in a 
rock must have crystallised below 11900, pyrites below 
4500, and so for other cases. We may confidently hope that, 
with the aid of such data, we shall soon be enabled, by 
simple inspection, to lay down in degrees the temperature
range of crystallisation of a given igneous rock.

There are now several laboratories where high-tempera
ture research, of the rigorous order indicated, is being carried 
out; but the work is peculiarly arduous, and results come 
slowly. Some branches of the inquiry, notably those in
volving high pressures, and again the investigation of 
systems into which volatile components enter, arc as yet 
virtually untouched. For these reasons it would be pre
mature to hazard at this stage any more detailed forecast of 
the services to be rendered to petrology by synthetic experi
ment. I will accordingly leave this attractive subject, and 
pass on from the laboratory to the field.

Geographical Distribution of Igneous Kocks.
Here the existing situation is very different. Instead of 

following out definite lines already laid down, we are con
cerned in reducing to order a great mass of discrete facts 
drawn from many sources. The facts which enter into 
consideration are those touching the distribution of various



igneous rocks in time, in space, and in environment, in
cluding their relation to tectonic features; the mutual 
association of different rock-types and any indications of law 
in the order of their intrusion or extrusion ; and, in short, 
all observable relations which may be presumed to have a 
genetic significance. The digestion ol this mass of data 
has already led to certain generalisations, some of which 
are accepted by almost all petrologists, while others must be 
regarded as still on their trial.

Of the former kind is the conception of petrographical 
provinces, which was put forward by Prof. Judd twenty-five 
years ago, and has exercised a profound influence on the 
trend of petrological speculation. It is now well established 
that we can recognise more or less clearly defined tracts, 
within which the igneous rocks, belonging to a given period 
of igneous activity, present a certain community of petro- 
graphical characters, traceable through all their diversity 
or at least obscured only in some of the more extreme 
members of the assemblage. Further, that a province 
possessing an individuality of this kind may differ widely in 
this respect from a neighbouring province of like date; 
while, on the other hand, a striking similarity may exist 
between provinces widely separated in situation or in age. 
It is natural to attribute community of chemical and 
mineralogical characters among associated rocks to com
munity of origin. The simplest hypothesis is that which 
supposes all the igneous rocks of a given province to be 
derived by processes of differentiation from a single parent
magma. This may be conceived, for the sake of simplicity, 
as initially homogeneous, though doubtless some of the 
causes which contribute to promote heterogeneity were 
operative from the earliest stage. Granted this hypothesis, 
it follows that the points of resemblance among the rocks of 
a province will indicate the nature of the common parent
magma, while the points of diversity will throw light on the 
causes of differentiation. The observed sequence in time of 
the various associated rock-types will also have an evident 
significance, especially if, as there are good reasons for be
lieving, differentiation in igneous rock-magmas is largely 
bound up with progressive crystallisation. Those petro
logists, on the other hand, who attach importance to the 
absorption or “ assimilation ” of solid rock-matter by molten 
magmas, are bound to consider both the nature of the 
chemical variation and the local distribution of the different 
types with constant reference to the composition of the 
country-rocks. The balance of opinion, and 1 think of argu
ment, would assign the variation, at least in the main, to 
differentiation ; and there are well-known principles, chemical 
and mechanical, which theoretically must operate to pro
duce a diversity of ultimate products from a magma origin
ally uniform. How far these principles are in practice 
adequate to the demands which have been made on them, 
is a question not to be finally resolved without quantitative 
knowledge which is still a desideratum. Experiment may in 
time come to our aid. My design to-day is rather to offer 
some remarks upon a distinct, though allied, problem—viz., 
that presented by the petrographical provinces themselves.

The geographical distribution of different kinds of igneous 
rocks long ago engaged the attention of Humboldt, Bou<5, 
and other geologists, and the subject has always possessed 
a certain interest in view of the association of most metal
liferous deposits with igneous rocks. It has, however, 
acquired a new importance in recent years in connection with 
questions of petrogenesis which are still under discussion. 
The problem is, in brief, to account for the existence of 
petrographical provinces and for the observed facts relative 
to their distribution. One theory, advocated especially by 
Dr. G. F. Becker, invokes primaeval differences in com
position between different parts of the globe, which have 
persisted throughout geological time. It involves the hypo
thesis that igneous rock-magmas result from the refusion of 
pre-existing rocks within a limited area. Indeed Becker 
discards altogether the doctrine of differentiation, and con
ceives the varied assemblage of rocks in a given province as 
produced by admixture from a certain number of primitive 
types. These, he says, should be recognisable by their wide 
distribution and constant character. It is clear, however, 
that, on the hypothesis of admixture, the primitive types 
must be those of extreme composition. These are, in fact, 
always the rarest and the most variable, pointing not to 
admixture but to differentiation as the cause of the diversity.

A theory which attributes the special characteristics of petro
graphical provinces to permanent heterogeneity in the com
position of the globe is difficult to reconcile with the small 
extent and sharp definition of some strongly characterised 
provinces, such as that of Assynt or of the Bohemian 
Mittelgebirge. A more fatal objection is that petrographical 
provinces are not in fact permanent. A good illustration is 
afforded by the midland valley of Scotland, an area our 
knowledge of which has been much enlarged by the recent 
work of the Geological Survey. It was the theatre of 
igneous activity in Lower Old Red Sandstone times and 
again in the Carboniferous, but, in respect of mineralogical 
and chemical composition, the two suites of rocks present a 
striking contrast. The Old Red Sandstone lavas are mostly 
andesites, though ranging from basalts on the one hand to 
rhyolites on the other, and the associated intrusions are 
mainly of diorite, quartz-diorite, and granite, with por
phyrites and other dyke-rocks. In the Carboniferous, on the 
other hand, we find porphyritic basalts, mugearites, and 
trachytes (including phonolitic types), with picrites, tes
chenites, monchiquites, orthophyres, and other allied rocks. 
It would be possible to cite many other cases illustrating the 
same point.

The Alkaline and Calcic Hranches.
The two Scottish suites of Upper Palaeozoic rocks just 

mentioned fall into opposite categories with reference to 
what is now becoming recognised as the most fundamental 
distinction to be made among igneous rocks. The earlier 
set is typical of the andesitic division and the later of the 
tephritic ; or, using other equivalent names, the one belongs 
to the calcic (or " alkali-calcic ”) branch and the other to 
the alkaline. 1 will adopt the latter terminology as being 
generally familiar to petrologists; but the characteristics of 
the two branches, which are too well known to need re
capitulation here, are more clearly definable in mineral
ogical than in chemical language. This twofold division 
of igneous rocks is, of course, in no wise a final or exhaus
tive treatment of the subject; but as a first step towards a 
natural or genetic classification it seems to be established 
beyond question. No third branch in any degree comparable 
with the two and distinct from them has been proposed. 
The charnockites and their allies represent but a single rock
series, and Rosenbusch has not made clear his reasons for 
separating them from the calcic rocks. The “ spilitic ” 
suite of Dewey and Flett is made to embrace a somewhat 
miscellaneous collection of types, and any close genetic re
lationship among them can scarcely be considered as proved- 
It is perhaps permissible to suggest that, c.g., the quartz
diabases are, here as in Scotland, quite distinct in their 
affinities from the types rich in soda. These latter, con
stituting the bulk of the proposed suite, would seem to 
belong quite naturally to the alkaline branch, the question 
of the magmatic or solfataric origin of the albite being in 
this connection immaterial.

A given petrographical province is either of calcic or of 
alkaline facies, typical members of the two branches not 
being found together. The apparent exceptions are, 1 think, 
not such as to modify very seriously the general rule. Mr. 
Thomas, in describing an interesting suite of rocks from 
Western Pembrokeshire, recognises the alkaline affinities 
of most of them, but assigns some of the more basic types 
to the opposite branch. In a very varied assemblage we 
not infrequently meet with a few extreme types which, 
occurring in a calcic province, recall the characters of 
alkaline rocks, or conversely. Such anomalies have been 
pointed out by Daly, Whitman Cross, and others. They are 
found among the later derived types, referable to prolonged 
or repeated differentiation, and they are to be expected 
especially where the initial magma was not very strongly 
characterised as either calcic or alkaline.

Having regard to the known exposures of igneous rocks 
over the existing land-surface of the globe, it seems that 
there is a very decided preponderance of the calcic over 
the alkaline branch. This, as we shall see, is probably a 
fact of real significance, but it is nevertheless noticeable 
that increasing knowledge tends partly to redress the balance. 
In our own country, in addition to the Scottish Carboniferous 
rocks and those probably of Ordovician age in Pembroke
shire, we have the remarkable Lower Pal.-eozoic intrusions 
of Assynt, in Sutherland, of strongly alkaline character, as 



described by Dr. Teal! and more recently by Dr. Shand; 
while Dr. Flett has recognised alkaline rocks of more than 
one age in Cornwall and Devon, and Mr. Tyrrell is engaged 
in studying another interesting province, of Permian age, in 
Ayrshire.

That the distinction between the alkaline and the calcic 
rocks embodies some principle of real and fundamental 
significance becomes very apparent when we look at the 
geographical distribution of the two branches. Taking 
what the German petrographers call the “ younger ” igneous 
rocks, i.e., those belonging to the latest system of igneous 
activity, we find it possible to map out the active parts of 
the earth’s crust into great continuous regions of alkaline 
rocks on the one hand and of calcic on the other. An 
alkaline region comprises numerous petrographical pro
vinces, which may differ notably from one another, but 
agree in being all of alkaline facies. In like manner a 
common calcic facies unites other provinces, which collec
tively make up a continuous calcic region. Concerning the 
igneous rocks of earlier periods our knowledge is less 
complete, but, so far as it goes, it points to the same general 
conclusions.

These considerations enable us to simplify at the outset 
the problem before us. If we would seek the meaning and 
origin of petrographical provinces, we must inquire in the 
first place how igneous rocks as a whole come to group 
themselves under two great categories, which, at any one 
period of igneous activity, arc found in separate regions of 
the eartR’s crust. The fact that a given district may form 
part of a calcic province at one period and of an alkaline 
one at another, precludes the hypothesis that the composition 
of igneous rocks depends in any degree upon peculiarities 
inherent from the beginning in the subjacent crust. The 
same objection applies with scarcely less force to various 
conflicting suggestions based on an assumed absorption or 
“ assimilation ” of sedimentary rocks by igneous magmas. 
Thus Jensen supposes the alkaline rocks to be derived by 
the assimilation or fusion of alkaline sediments at great 
depths. Daly propounds the more elaborate, and on a first 
view paradoxical, theory that alkaline have been derived 
from calcic magmas as a consequence of the absorption of 
limestone. These geologists agree in regarding the alkaline 
rocks as relatively unimportant in their actual development 
and in some sense abnormal in their origin. For Suess, on 
the other hand, it is the calcic rocks which owe their dis
tinctive characters to an absorption of sedimentary material, 
enriching the magma in lime and magnesia. Apart from 
difficulties of the physical and chemical kind, all such 
theories fail to satisfy, in that they ignore the separation of 
the two branches of igneous rocks in different regions of 
the globe, each of which includes sediments of every kind. 
What then is the real significance of this regional separa
tion? The obvious way of approaching the question is to 
inquire first whether the alkaline and calcic regions of the 
globe present any notable differences of a kind other than 
petrographical.

Relation between Tectonic and Petrographical Facies.
The close connection between igneous activity and dis

placements of the earth’s crust has been traced by Suess, 
Lessen, Bertrand, de Lapparent, and others, and is a fact 
sufficiently well recognised. We have here, indeed, two 
different ways of relieving unequal stresses in the crust, 
and it is not surprising that they show a broad general 
coincidence both in space and in time. We can, however, 
go farther. Not only the distribution of igneous rocks in 
general, but the distribution of different kinds of rocks, is 
seen to stand in unmistakable relation to the leading 
tectonic features of the globe. It *s very noticeable that 
pctrographical provinces, and in particular provinces 
belonging to opposite branches, are often divided by 
important orographic lines. This is illustrated by the 
Cordilleran chain in both North and South America, and 
again by some of the principal arcs of the Alpine system 
in Europe. If, now, we examine the actual distribution 
more closely, in the light of Suess’s analysis of the con
tinents and oceanic basins, we perceive another relation 
still more significant. It is that, as regards the younger 
igneous rocks, the main alkaline and calcic regions corre
spond with the areas characterised by the Atlantic and 
Pacific types of coast-line respectively; I briefly drew

attention to this correspondence in 1896, and a few years 
later Prof. Becke, of Vienna, arrived independently at the 
same generalisation. Recalling the two classes of crust
movements discriminated by Suess, he says it appears that 
the alkaline rocks are typically associated with subsidence 
due to radial contraction of the globe, and the calcic rocks 
with folding due to lateral compression. The greater part 
of Becke's memoir is devoted to a comparison of the two 
branches in respect of chemical composition; but here, 1 
think, he has been misled by taking as representative of 
the whole alkaline “ Sippe ” or tribe the rocks of one 
small and peculiar province, that of the Bohemian Mittel- 
gebirge. Some petrologists have followed Becke in adopt- 

| ing the terms Atlantic and Pacific as names, or at least 
j synonyms, for the two branches of igneous rocks. Others, 

perhaps with some justice, deprecate the use of the same 
terms in a petrographical as well as a tectonic sense, so 
long as the implied relationship is still a matter of dis
cussion.

I would point out in passing that the association of the 
alkaline rocks with areas of subsidence helps to explain 
the relatively small part which they play in the visible 
portion of the earth’s surface. We may not unreasonably 
conjecture, for instance, that the volcanic islands scattered 
sparingly over the face of the Atlantic Ocean, from the 
Azores to Tristan d’Acunha, are merely fragments of a 
very extensive tract of alkaline rocks now submerged.

The generalisation associated with the name of Becke, 
in so far as it may ultimately commend itself to general 
acceptance, must have an important bearing on the problem 
of the origin of petrographical differences. The time is 
not ripe for any dogmatic pronouncement, but I will venture 
to indicate briefly the general trend of the inferences to be 
drawn. It seems clear that only a trivial effect at most 
can be allowed to original and permanent heterogeneity of. 
the earth’s crust, or to such accidents as the absorption by 
an igneous magma of a limited amount of the country
rock. The division between alkaline and calcic regions, 
and the separation of distinct provinces within such 
regions, point rather to the same general cause which, at 
a later stage, produced the diversity of rock-types within 
a single province, that is, to magmatic differentiation. 
Here, however, the differentiation postulated must be on 
a very wide scale, and must take effect in the horizontal 
direction. Its close connection with crust-movements 
clearly indicates differential stress as an essential element 
in the process. The actual mechanism can be at present 
only a matter of speculation, but I think the clue will be 
found in such observations as those of Mr. Barrow on the 
pegmatites of the Scottish Highlands. Conceive an exten
sive tract to be underlain by a zone which is neither solid 
nor liquid, but composed of crystals with an interstitial 
fluid magma. If this be subjected to different pressures in 
different parts of its horizontal extent, its uniformity will 
necessarily be disturbed, the fluid portion being squeezed 
out at places of higher pressure and driven to places of 
lower pressure. The precise nature of the differentiation 
thus set up will depend on the relative compositions of the 
crystalline and fluid portions, and the subject could not be 
very profitably discussed without fuller knowledge concern
ing the order of crystallisation in rock-magmas. Whether 
or not the explanation be ultimately found in this direc
tion, the relation between the two tectonic types and the 
two branches of igneous rocks must, I think, find a place 
in the final solution of the problem.

I intimated at the outset that my remarks would not be 
confined to matters already settled and indisputable. It 
will be easily understood that some statements which I 
have made, for the sake of clearness, without qualification 
are subject to exceptions, and exceptions have, indeed, been 
urged by critics whose opinions are entitled to respect. 
The most uncompromising of these critics, Dr. Whitman 
Cross, has laid it down that : “ Only generalisations with
out known exceptions in experience can be applied to the 
construction of a system that may be called natural.” I 
hold, on the contrary, that such a science as Geology can 
be advanced only by the inductive method, which implies 
provisional hypotheses and successive approximations to the 
truth. A generalisation which brings together a mass of 
scattered observations, and endows them with meaning, is 
not invalidated by the discovery of exceptions. These



merely prove that it is not a final expression of the whole 
truth, and may point the way to its revision and correc
tion.

Take, for instance, our provisional law of the distribu
tion of the two branches of igneous rocks in defined regions. 
It has been objected that leucitic lavas, having therefore 
very decided alkaline or Atlantic affinities, are known at 
several places within the limits of the main Pacific region, 
where they are associated with andesitic and other calcic 
rocks. Now, the only area for which we have anything 
like full information is the island of Java. Here, according 
to Verbeek and Fennema, the great plateau-lavas of 
Tertiary age are exclusively of andesitic types, and the 
same is true of the long chain of 116 volcanic centres, 
which represent the later revival of activity. As against 
this record there are five volcanoes, long extinct, which at 
one stage erupted leucitic lavas. Whether we suppose these 
to be aberrant derivatives from an andesitic magma, or, 
much more probably, an incursion from the neighbouring 
alkaline region, it seems reasonable to regard these very 
exceptional occurrences as of the second order of import
ance, and to set them aside in a first attempt to reduce the 
facts to order.

The discovery of various alkaline rocks on Hawaii, 
Samoa, Raratonga, Tahiti, and other islands in the midst 
of the Pacific Ocean raises, 1 think, a different question. 
So far as is known, these rocks are not found in close 
association with characteristic calcic types. Suess’s 
masterly discussion of all the geographical and hydro- 
graphical data hitherto obtained makes it clear that an 
Atlantic as well as a Pacific element of structure enters 
into some parts of the Pacific basin. In certain areas, 
such as the Galapagos Archipelago, the coming in of the 
Atlantic regime is quite clearly reflected in an alkaline 
facies of the igneous rocks, and such exceptions are there
fore of the kind which go to prove the rule. Both Max 
Weber and Lacroix have expressed the opinion that the 
andesitic branch of rocks is characteristic of the border of 
the great Pacific basin rather than the interior. It is 
possible that further knowledge may justify this conclusion, 
and still only confirm the relation which is claimed between 
the two tectonic types and the two petrographicnl facies. 
Meanwhile, we find clear evidence elsewhere that vertical 
subsidence and lateral thrust have sometimes occurred in 
the same region or in the same petrographical province; 
nor need we go far from home to learn that the complexity 
of structure thus implied is accompanied by a correspond
ing peculiarity of petrographicnl facies.

The North British Tertiary Province.
In order to illustrate this point in a concrete instance, 1 

will discuss very briefly a single petrographical province, 
viz. that which occupied the northern part of Britain in 
early Tertiary times. Prof. Judd has regarded this as 
forming part of a larger “ Brito-Icelandic province”; but, 
while recognising many affinities between our rocks and 
those of higher latitudes, I think that the North British 
area possesses enough individuality to be more properly 1 
treated as a distinct unit. The record of igneous action { 
here is exceptionally complete and well displayed. Our 
knowledge of it is derived, in the first place, from Prof. 
Zirkel, Sir Archibald Geikie, and Prof. Judd, and more 
recently from the detailed work carried out by the Geo- [ 
logical Survey of Scotland. This latter is, as regards the J 
Isle of Mull, still in progress, and will doubtless, when I 
completed, throw additional light on some questions still 
obscure.

The province includes all western and southern Scotland, 
with the northern part of Ireland, and extends southward | 
as far as Anglesey and Yorkshire; but the chief theatre of 
igneous activity was the sunken and faulted tract of the I 
Inner Hebrides, between the mainland of Scotland, on the I 
one hand, and the Archaean massif of the Outer Isles on ; 
the other. It is here that the volcanic accumulations attain | 
their greatest thickness, and here, closely set along a 
N.-S. line, are the plutonic centres of Skye, Rum, Ardna
murchan, and Mull. Farther south are the volcanic plateau 
of Antrim and the neighbouring plutonic centres of the 
Mourne Mountains and Carlingford, while the two centres 
of Arran and that of Ailsa lie on a parallel line only a 
little farther east. In addition, it is clear that igneous

] activity extended westward over a tract now submerged 
I under the Atlantic, and here, too, plutonic centres were 
I not wanting. One is exposed in St. Kilda, 50 miles west 

of the Outer Hebrides, and another has been inferred by 
Prof. Cole from a study of the stones dredged on the 
Porcupine Bank, 150 miles west of Ireland.

The connection of igneous action in this province with 
the subsidence of faulted blocks of country is too plain 
to be missed; and so far, excepting the tendency to a 
definite alignment of the foci of activity, we seem to be 
dealing with a typical example of the Atlantic regime. The 
actual tectonic relations are, however, of a more complex 
kind, and undoubtedly involve the element of lateral thrust 
as well as vertical subsidence. This is more particularly 
in the neighbourhood of those special centres which were 

I marked at one stage by plutonic intrusions. The evidence 
| is seen in sharp anticlinal folding; sometimes also in 
[ crush-brecciation along quasi-horizontal bands and (in 
; Rum) contemporaneous gneissic structure in the plutonic 
1 masses themselves. The disturbances in Mull, as described 

by Mr. Bailey, are especially interesting. The whole 
I eastern coast-line of the island isSsGtermined by a system 

of concentric curved axes of folding, affecting all the rocks 
up to the Tertiary basalts, which are in places tilted almost 
vertically. The curved axes are disposed with reference to 
the plutonic centre of the island, and a somewhat similar 

। arrangement is found on the east side of the Skye centre.
All these facts go to show that in the district surrounding 

; any one of the special centres there was developed a com- 
| plex system of stresses, which found relief partly in igneous 

action, partly in displacements of the solid rocks. Nor 
; were the effects confined to the plutonic phase. At a later 

epoch the influence of these local stresses is sometimes 
indicated by the diversion of the very numerous dykes from 

i their normal north-westerly direction to a radial arrange
ment about the special centres, as is seen partly in Skye 
and more strikingly in Rum. There are also local groups 
of dykes developed only in these districts, and these again 
sometimes have a radial arrangement. More remarkable 
are the groups of inclined sheets which are found about 
the same centres, usually intersecting the plutonic rocks 
and a small fringing belt, and constantly dipping inwards. 
Such sheets occur in immense numbers in the gabbro 
mountains of Skye and Mull, and they are to be recognised 
also in Rum and Ardnamurchan.

It is plain, then, that this province exemplifies at once 
the two tectonic types distinguished by Suess. There has 
been a general subsidence affecting the area as a whole, but 
not all parts equally, and with this we must connect those 
groups of igneous rocks which have a wide distribution 
throughout the province. But there have also been move
ments in the lateral sense, more strictly localised and more 
sharply accentuated, and to these belong evidently the 
plutonic rocks with various other groups which are their 
satellites. I have pointed out these facts elsewhere, but 
failed to follow out the logical conclusion on the petro
graphical side. Influenced by the strongly marked 
characters of the plutonic series, I assigned the North 
British'Tertiary rocks, not without some misgivings, to the 
calcic or Pacific region. Suess, having regard probably to 
the broader tectonic features rather than to petrographical 
data, has included our area in the Atlantic region.

Concerning the calcic facies of the plutonic rocks there 
can be no question. They constitute a well-defined “ rock
series,” intruded in order of decreasing basicity, and rang
ing from ultrabasic to thoroughly acid. The ultrabasic 
rocks, as developed in Rum and Skye, have a lime-felspar 
as one of their chief components : there are no picrites (in 
the original sense of Tschermak) or other alkaline types. 
The eucrite group, found in Rum, Ardnamurchan, and the 
Carlingford district, is also characterised by a felspar near 
anorthite. Gabbros are represented at nearly all the 
several centres, and in Arran they are accompanied by 
norites. The granites and granophyres fall into two sub
groups. The less acid is usually augitic, while the more 
acid, found in Arran, St. Kilda, and the Mourne Moun
tains, carries hornblende and sometimes biotite.

This series is known In various provinces of Pacific 
facies. A peculiarity of it is that it is a broken series, 
types of mean acidity being absent. This has an interest
ing consequence. In many places a granite magma, in-



vading rocks so different from itself as gabbro or eucrite, 
has caused energetic mutual reactions, and a set of hybrid 
rocks has been produced, which serves in a limited sense 
to till the gap in the series.

The only known exceptions to the calcic facies of our 
Tertiary plutonic rocks are perhaps significant in that they 
occur near the northern and southern limits of the prin
cipal belt of activity. The massive gently inclined sheets 
of granite and granophyre which make up part of the 
southern end of Raasay consist largely of microperthite, 
and contain abundant riebeckite, a distinctively alkaline 
mineral known at only one spot in Skye. The micro- 
perthitic granites of Arran do not carry riebeckite, but it 
is found in the well-known rock of Ailsa Craig, farther 
south.

The local groups of minor intrusions—acid, basic, and । 
ultrabasic—related to the several plutonic centres have the 
same calcic facies as the plutonic rocks of which they are 
satellites. It appears, however, that they sometimes tend 
to a more alkaline composition towards the borders of their 
respective districts. Thus the Skye granite is surrounded 
by a roughly oval area, within which are found numerous 
dykes and sills of felsite and granophyre, in general 
augitic; but on the fringe of the area these rocks give 
place to orthophyres, with biotite or hornblende, and to 
bostonites.

Turn now to the rocks of regional distribution. The 
most important are, of course, the basalt lavas. They are 
all felspar-basalts, but a very general feature is the filling 
of their numerous amygdaloidal cavities with zeolites, such 
as analcime, natrolite, chabazite, and stilbite. These 
minerals are certainly not mere weathering-products. 
When I examined the basalts of Skye and the Small Isles 
some years ago, I regarded the zeolites as solfataric pro
ducts, formed at the expense of the felspar by the action 
of volcanic water, while the rocks were still at a some
what high temperature. Subsequent reconsideration has 
led me to regard these minerals rather as primary con
stituents of the rock, crystallised directly from the final 
residual magma, which had become relatively enriched in 
water by the abstraction of the anhydrous minerals. Such 
was the conclusion reached by Mr. James Strachan for the 
Antrim basalts, and a study of examples from Mull and 
Skye has enabled me to confirm and extend his interesting 
observations. Analcime in particular is not always con
fined to the steam-cavities, but in some cases occurs inter- 
stitially in the rock, where it is certainly not derived from 
felspar, and, indeed, has all the appearance of a primary 
constituent. The augite of these analcime-bearing basalts 
has in thin slices a purplish tint, with sensible pleo
chroism. From these and other features it appears that 
this group of rocks reveals on examination decided, though 
not very strongly marked, alkaline affinities.

Volcanic rocks of other than basaltic composition are 
not largely developed. They include both rhyolites and 
trachytes, the former without very distinctive characters, 
but the latter falling naturally into the alkaline division. 
In describing formerly a group of rhyolites and trachytes 
on the northern border of the Cuillins, I connected it with 
the neighbouring plutonic centre, but I have since found 
other trachytes in Skye : there is a fine development ex
posed in the glen above Bracadale. From this, and from 
the situation of the Antrim rhyolites, I infer that these 
felspathic and acid lavas, though distributed sporadically, 
belong to the regional or Atlantic suite.

Consider next the widespread group of basic sills. The 
common non-porphyritic dolerite sills have, in most dis
tricts, little that is indicative of alkaline affinities, though 
chemical analyses show a rather noteworthy amount of 
soda. In the porphyritic dolerites this characteristic is 
much more apparent, and, indeed, these rocks are almost 
identical with the “ Markle type ” so largely represented 
among the alkaline rocks of the Scottish Carboniferous 
province. Mugearite, a type still richer in alkalies, is like
wise common to the two provinces. As we approach the 
limits of the principal belt of activity, alkaline character
istics become well marked even in the common non- 
porphyritic dolerites. This is shown in Raasay and the 
northern part of Skye by the coming in of the purple 
pleochroic augite, while farther north, in the Shiant Isles, 
analcime enters, and even, according to a record of

Heddle, nepheline.1 At the other extreme, in southern 
Arran, occur the analcime-dolerite sills of Clauchland and 
Dippin.

The regional basic dykes, which are mostly posterior in 
age to the sills, exhibit more variety of composition. 
Some with abundant porphyritic felspars resemble the 
Markle type of dolerite, and there are others of mugearitic 
nature, but these are only a minority. In Argyllshire 
there are basic dykes with purple pleochroic augite, and 
even some of camptonite and monchiquite; but these latter 
at least I should exclude as being probably of late 
Palajozoic age.2 The undoubtedly Tertiary dykes, how
ever, exhibit a variety which can be explained only as the 
result of repeated differentiation. The distribution of some 
of the groups indicates the existence at this late stage of 
subsidiary centres of differentiation, distinct from the 
plutonic centres. Thus trachyte dykes are found especially 
throughout a tract extending from the south-western part 
of Skye through the middle of Argyllshire, while there is 
an isolated area of these dykes about Drynoch, on the 
opposite side of the Skye mountains. Here we have an 
evidently alkaline type. On the other hand, there are 
rocks which, taken by themselves, must be assigned to the 
calcic division. Augite-andesites, for example, are well 
known, especially in parts of western Argyllshire, in Arran 
and the Cumbraes, and in the outlying districts of the 
north of Ireland, Anglesey, and the north-east of England. 
That these rocks have arisen as products of a subsidiary 
differentiation we have in some cases almost ocular demon
stration ; for in Arran and elsewhere augite-andesites are 
found in remarkably intimate association with comple
mentary types, often pitchstones of alkaline composition.

Even from so brief and imperfect a sketch we may, I 
think, draw some conclusions which have a wider applica
tion. This province exemplifies at once the two main 
tectonic types, and also comprises representatives of the 
two great branches of igneous rocks. Those rocks which 
are related to broad movements of Atlantic type indicate 
a parent magma of decided, though not strongly marked, 
alkaline nature; while those related to local movements of 
Pacific type clearly come from a calcic magma. There are 
some facts which suggest that the rocks tend to become 
more alkaline as we recede from the chief centres of 
activity, and this suggestion applies to some calcic as well 
as alkaline groups of rocks. Finally, it appears that the 
relative simplicity of arrangement was disturbed at a late 
stage by the effects of subsidiary differentiation, the 
province tending then to break up into districts related to 
new centres. Operating upon an initial magma not very 
strongly characterised, this later differentiation has even 
given rise to aberrant rock-types which overstep the petro
graphical boundary-line between the two branches.

Petrogenesis and Systematic Petrography.
From such considerations as I have hastily passed in 

review, it is evident that a survey of igneous rocks as they 
actually occur in the field leads to a conception of their 
mutual relationships very different from that embodied in 
the current schemes of systematic petrography. It may be 
of some interest, in conclusion, to expand this remark a 
little farther, although I am sensible that in so doing I 
lay myself open to the charge of vain speculation.

From the petrogenetic point of view, the most funda
mental division among igneous rocks is that between the 
alkaline and calcic branches. This result, independently 
arrived at on petrographicai grounds by several authori
ties, seems to be firmly established by the broad distribu
tion of the two branches in different regions of the globe. 
But, if this argument be admitted, it follows that the 
next step in a natural grouping of igneous rocks should be 
suggested by a comparison of the characteristics of the 
various provinces into which the great regions divide. 
Many of these provinces have now been partly studied, and 
their special characteristics can often be expressed in 
r incise terms : c.g. among alkaline rocks the relative pro
portion of potash to soda may be a characteristic common 
to a whole province. More precisely, by averaging the

1 The dolerite here is intimately associated with ultrabasic rocks, as has 
be-n described bv Judd.

- A like remark applies to the highly alkaline dykes of the Orkneys, which 
do not agree even in direction with the Tertiary suite. 



chemical analyses of the chief rock-types, weighted accord
ing to their relative abundance, it is possible to calculate 
approximately the composition of the parent-magma of a 
province. Noting that nearly identical assemblages of 
rocks sometimes occur in widely separate provinces and at 
different geological periods, we have some reason for 
expecting that the provincial parent-magmas may ulti
mately be reduced to a limited number of types. Whether 
these types <vill be sufficiently definite to serve as a basis of 
classification it is too early to say.

For the sake of argument, 1 have taken chemical com
position as the criterion. It is certain, however, that a 
rock-magma consists, not of free oxides, but mainly of 
sllicate-compounds, and the variation produced by mag
matic differentiation is a variation in the relative propor
tions of such compounds. The characteristics common to 
a set of cognate rock-types will therefore be more properly 
expressed in mineralogical than in chemical terms. If, to 
fix ideas, we take as representative of a province its prin
cipal plutonic series, we shall often find that some par
ticular mineral or some special association of minerals 
stands out as a distinctive feature. For instance, in the 
charnockite-norite series of southern India the character
istic ferro-magnesian mineral is hypersthene; in the 
granite-gabbro series of the British Tertiary it is augite; 
and in the granite-diorite series, which predominates among 
the 11 newer granites ” of the Scottish Highlands, horn
blende and biotite. These three sets of rocks, all of calcic 
facies, are easily distinguishable in isolated specimens.

Each such rock-series embraces types ranging from acid 
to ultrabasic. This variation is ascribed to a later 
differentiation of the parent-magma of the province, and, 
therefore, in an arrangement based on genetic principles, 
it will find expression, not in the main divisions of the 
scheme, but in the subdivisions. Here is an essential 
difference between an ideal petrogenetic classification and 
the petrographical systems which are, or have been, in use. 
If we are content to limit our study of igneous rocks to 
specimens in a museum, the distinction of acid, neutral, 
basic, and ultrabasic may seem to be one of first import
ance. It has, in fact, been employed for the primary 
divisions in some formal schemes, e.g. in that put forward 
by Lowinson-Lessing. In a less crude system, like that 
of Rosenbusch, this element disappears, but the underlying 
idea still remains. There is a division into families, such 
as the granite-family and the gabbro-family, but the term, 
in so far as it implies blood-relationship, is a misnomer. 
The augite-granite of Mull is evidently more closely related 
to its associated gabbro than it is, say, to the biotite
granite of Peterhead or the hypersthene-granite of Madras.

The differentiation which evolves a varied series of 
plutonic rocks from a common parent-magma is clearly 
not of the same kind as that which gave rise to the 
parent-magma itself. It appears that the external 
mechanical element is here a less important factor, and 
the variation set up is, therefore, more closely in accord
ance with the uninterrupted course of crystallisation. This 
is clearly indicated when we compare the order of intrusion 
of the several rocks of the series with the order of 
crystallisation of their constituent minerals. The history 
of the series is in a sense epitomised in the history of each 
individual type, corresponding in both cases with continued 
fall of temperature and progressive change in the composi
tion of the residuni magma. In a large number of rocks, 
more particularly those of complex constitution, the order 
of crystallisation follows Rosenbusch's empirical law of 
decreasing basicity, and the plutonic intrusions then begin 
with the most basic type and end with the most acid. I 
mention this only to point out that, while the larger 
divisions of our ideal classification will have a certain 
geographical and tectonic significance, the subdivisions will 
show a certain correspondence with the sequence in time 
of the various cognate rock-types.

To pursue the subject farther would serve no useful 
purpose. It is clear that, if a natural—by which I mean 
a genetic—classification of igneous rocks is ever to become 
a reality, much work must first be done, both in the field 
and in the laboratory, each petrographical province being 
studied from the definite standpoint of the evolution of its 
rock-types from one parent stock. Such researches as 
those of Brbgger in the Christiania province may serve as 

I a model. It would be rash to venture at present more 
' than the most general forecast of the lines which future 
I developments may follow; but I think it calls for no less 

hardihood to set limits to what may ultimately be possible 
in this direction. There are those who would have us 

| abandon in despair all endeavour to place petrography 
j upon a genetic basis, and fall back upon a rigid arbitrary 

system as a final solution of the difficulty. This would be 
to renounce for ever the claim of this branch of geology 
to rank as a rational science. I have said enough to 
show that I am one of those who take a more hopeful 
view of the future of petrology, confidently expecting it to

I show, like the past, a record of continued progress.

SECTION D.
ZOOLOGY.

Opening Address by Prop. D’Arcy Wentworth 
Thompson, C.B., President oe the Section.

Magnolia Naturae; or. The Greater Problems of Hiology.
The science of Zoology, all the more the incorporate 

science of Biology, is no simple affair, and from its 
earliest beginnings it has been a great and complex and 
many-sided thing. We can scarce get a broader view of it 
than from Aristotle, for no man has ever looked upon our 
science with a more far-seeing and comprehending eye. 
Aristotle was all things that we mean by “ naturalist ” or 
“ biologist.” He was a student of the ways and doings 
of beast and bird and creeping thing; he was morphologist 
and embryologist; he had the keenest insight into physio
logical problems, though lacking that knowledge of the 
physical sciences without which physiology can go but a 
little way : he was the first and is the greatest of psycho
logists ; and in the light of his genius biology merged in 
a great philosophy.

1 do not for a moment suppose that the vast multitude 
of facts which Aristotle records were all, or even mostly, 
the fruit of his own immediate and independent observa
tion. Before him were the Hippocratic and other schools 
of physicians and anatomists. Before him there were 
nameless and forgotten Fabres, Rdesels, Rdaumurs, and 
Hubers, who observed the habits, the diet, and the habita
tions of the sand-wasp or the mason-bee ; who traced out 
the little lives, and discerned the vocal organs, of grass
hopper and cicada; and who, together with generations of 
bee-keeping peasants, gathered up the lore and wisdom of 
the bee. There were fishermen skilled in all the cunning 
of their craft, who discussed the wanderings of tunny and 
mackerel, sword-fish or anchovy; who argued over the 
ages, the breeding-places, and the food of this fish or 
that; who knew how the smooth dogfish breeds two 
thousand years before Johannes Mtiller; who saw how the 
male pipe-fish carries its young before Cavolini; and who 
had found the nest of the nest-building rock-fishes before 
Gerbe rediscovered it almost in our own day. There were 
curious students of the cuttle-fish (I sometimes imagine 
they may have been priests of that sea-born goddess to 
whom the creatures were sacred) who had diagnosed the 
species, recorded the habits, and dissected the anatomy of 
the group, even to the discovery of that strange hecto- 
cotylus arm that baffled Della Chiaje, Cuvier, and 
Koelliker, and that Verany and Heinrich Muller re
explained.

All this varied learning Aristotle gathered up and wove 
into his great web. But every here and there, in words 
that are unmistakably the master’s own, we hear him 
speak of what are still the great problems and even the 
hidden mysteries of our science; of such things as the 
nature of variation, of the struggle for existence, of specific 
and generic differentiation of form, of the origin of the 
tissues, the problems of heredity, the mystery of sex, of 
the phenomena of reproduction and growth, the character
istics of habit, instinct, and intelligence, and of the very 
meaning of Life itself. Amid all the maze of concrete 
facts that century after century keeps adding to our store, 
these, and such as these, remain the great mysteries of 
natural science—the Magnolia naturae, to borrow a great 
word from R'.con, who in his turn hnd borrowed it from 
St. Paul.



Not that these are the only great problems for the 
biologist, nor that there is even but a single class of 
great problems in Biology. For Bacon himself speaks 
of the magnolia naturae, quoad usus liumanos, the study 
of which has for its objects " the prolongation of life or 
the retardation of age, the curing of diseases counted in
curable, the mitigation of pain, the making of new species 
and transplanting of one species into another,” and so on 
through many more. Assuredly 1 have no need to remind 
you that a great feature of this generation of ours has 
been the way in which Biology has been justified of her 
children, in the work of those who have studied the 
magnolia naturae, quoad usus liumanos.

But so far are biologists from being nowadays engrossed 
in practical questions, in applied and technical Zoology, to 
the neglect of its more recondite problems, that there never 
was a time when men thought more deeply or laboured 
with greater zeal over the fundamental phenomena of 
living things; never a time when they reflected in a 
broader spirit over such questions as purposive adaptation, 
the harmonious working of the, fabric of the body in 
relation to environment, and the interplay of all the 
creatures that people the earth; over the problems of 
heredity and variation ; over the mysteries of sex, and the 
phenomena of generation and reproduction, by which 
phenomena, as the wise woman told, or reminded, 
Socrates, and as Harvey said again (and for that matter, 
as Coleridge said, and Weismann, but not quite so well)— 
by which, as the wise old woman said, we gain our glimpse 
of insight into eternity and immortality. These, then, 
together with the problem of the Origin of Species, arc 
indeed magnolia naturae ; and 1 take it that inquiry into 
these, deep and wide research specially directed to the 
solution of these, is characteristic of the spirit of our time, 
and is the pass-word of the younger generation of 
biologists.

Interwoven with this high aim which is manifested in 
the biological work of recent years is another tendency. 
It is the desire to bring to bear upon our science, in 
greater measure than before, the methods and results of 
the other sciences, both those that in the hierarchy of 
knowledge arc set above and below, and those that rank 
alongside of out own.

Before the great problems of which I have spoken, the 
cleft between Zoology and Botany fades away, for the 
same problems are common to the twin sciences. When 
the zoologist becomes a student, not of the dead, but of 
the living, of the vital processes of the cell rather than of 
the dry bones of the body, he becomes once more a physio
logist, and the gulf between these two disciplines dis
appears. When lie becomes a physiologist, he becomes, 
ipso facto, a student of chemistry and of physics. Even 
mathematics has been pressed into the service of the 
biologist, and the calculus of probabilities is not the only 
branch of mathematics to which he may usefully appeal.

The physiologist has long had as his distinguishing 
characteristic, giving his craft a rank superior to the sister 
branch of morphology, the fact that in his great field of 
work, and in all the routine of his experimental research, 
the methods of the physicist and the chemist, the lessons 
of the anatomist, and the experience of the physician are 
inextricably blended in one common central field of investi
gation and thought. But it is much more recently that 
the morphologist and embryologist have made use of the 
method of experiment, and of the aid of the physical and 
chemical sciences—even of the teachings of philosophy : all 
in order to probe into properties of the living organism 
that men were wont to take for granted, or to regard as 
beyond their reach, under a narrower interpretation of the 
business of the biologist. Driesch and Loeb and Roux are 
three among many men who have become eminent in this 
way in recent years, and their work we may take as typical 
of methods and aims such ns those of which I speak. 
Driesch, both by careful experiment and by philosophic 
insight, Loeb, by his conception of the dynamics of the 
cell and by. his marvellous demonstrations of chemical and 
mechanical fertilisation, Roux, with his theory of auto
determination, and by all the labours of the school of 
Entwickelungsmechanik which he has founded, have all in 
various ways, and from more or less different points of 

view, helped to reconstruct and readjust our ideas of the 
relations of embryological processes, and hence of the 
phenomenon of life itself, on the one hand to physical 
causes (whether external to or latent in the mechanism of 
the cell), or on the other to the ancient conception of a 
Vital Element alien to the province of the physicist.

No small number of theories or hypotheses, that seemed 
for a time to have been established on ground as firm as 
that on which we tread, have been reopened in our day. 
The adequacy of natural selection to explain the whole of 
organic evolution has been assailed on many sides; the 
old fundamental subject of embryological debate between 
the evolutionists or preformationists (of the school of 
.Malpighi, Haller, and Bonnet) and the advocates of 
epigenesis (the followers of Aristotle, of Harvey, of Caspar 
F. Wolff, and of Von Baer) is now discussed again, in 
altered language, but as a pressing question of the hour ; 
the very foundations of the cell-theory have been scrutinised 
to decide (for instance) whether the segmented ovum, or 
even the complete organism, be a colony of quasi
independent cells, or a living unit in which cell differentia
tion is little more than a superficial phenomenon ; the 
whole meaning, bearing, and philosophy of evolution has 
been discussed by Bergson, on a plane to which neither 
Darwin nor Spencer ever attained ; and the hypothesis of 
a Vital Principle, or vital element, that had lain in the 
background for near a hundred years, has come into men’s 
mouths as a very real and urgent question, the greatest 
question for the biologist of all.

In all ages the mystery of organic form, the mystery of 
growth and reproduction, the mystery of thought and 
consciousness, the whole mystery of the complex pheno
mena of life, have seemed to the vast majority of men to 
call for description and explanation in terms alien to the 
language which we apply to inanimate things; though at 
all times there have been a few who sought, with the 
materialism of Democritus, Lucretius, or Giordano Bruno, 
to attribute most, or even all, of these phenomena to the 
category of physical causation.

For the first scientific exposition of Vitalism we must go 
back to Aristotle, and to his doctrine of the three parts 
of the tripartite Soul : according to which doctrine, in 
Milton’s language, created things “ by gradual change 
sublimed, To vital spirits aspire, to animal, To intel
lectual ! ” The first and lowest of these three, the 
tjuxri v Spcrrur/i, by whose agency nutrition is effected, is 
n ir pur n inseparable concomitant of Life itself. It
is inherent in the plant as well as in the animal, and in 
the Linna-an aphorism, Vegetabilia crescunt et vivunt, its 
existence is admitted in a word. Under other aspects, it 
is all but identical with the ituyh av^rtnub and ytvyruefi, 
the soul of growth and of reproduction : and in this com
posite sense it is no other than Driesch’s “ Entelechy,” 
the hypothetic natural agency that presides over the form 
and formation of the body. Just as Driesch’s psychoid or 
psychoids, which are the basis of instinctive phenomena, of 
sensation, instinct, thought, reason, and all that directs 
that body which entelechy hns formed, are no other than 
the alaOpriub whereby animalia vivunt et sentiunt, and the 
tuavonruep to which Aristotle ascribes the reasoning faculty 
of man. Save only that Driesch, like Darwin, would deny 
the restriction of refir, or reasoning, to man alone, and 
would extend it to animals, it is clear, and Driesch him
self admits,1 that he accepts both the vitalism and the 
analysis of vitalism laid down by Aristotle.

The m'rfi.ua of Galen, the vis plastica, the vis vitae 
formatrix., of the older physiologists, the Rildungstrieb of 
Blumenbach, the Lebenskraft of Paracelsus, Stahl, and 
Treviranus, “ shaping the physical forces of the body to 
its own ends,” “ dreaming dimly in the grain of the 
promise of the full corn in the ear,'” these and many 
more, like Driesch’s “ entelechy ” of to-dny, nre nil con
ceptions under which successive generations strive to depict

1 “Science and Philosophy of the Organism" (Gifford Lectures), ii. 
p 8s. 1908!

"Cit. Jenkinson (Art. “Vitalism ” in Hibbert Journal, April, 1911) 
who has given me the following , quotation: “Pas Weitzenkorn hat 
allerdings Bewusstsein dessen was in ihm ist und aus ihm werden kann, and 
trltOmt wirklich davon. Sein Bewusstsein und seine Triiume mhgen dunkel 
genug sein"; Treviranus, “Erscheinungen und Gesetze des organischen 
Lebens, 8}r.

rfi.ua


the something that separates the earthy from the living, 
the living from the dead. And John Hunter described his 
conception of it in words not very different from Driesch’s, 
when he said that his principle, or agent, was independent 
of organisation, which yet it animates, sustains, and 
repairs; it was the same as Johannes Muller’s conception 
of an innate “ unconscious idea.”

Even in the Middle Ages, long before Descartes, we can 
trace, if we interpret the language and the spirit of the 
time, an antithesis that, if not identical, is at least parallel 
to our alternative between vitalistic and mechanical hypo
theses. For instance, Father Harper tells us that Suarez 
maintained, in opposition to St. Thomas, that in genera
tion and development a Divine interference is postulated, 
by reason of the perfection of living beings; in opposition 
to St. Thomas, who (while invariably making an excep
tion in the case of the human soul) urged that, since the 
existence of bodily and natural forms consists solely in 
their union with matter, the ordinary agencies which 
operate on matter sufficiently account for them.1

But in the history of modern science, or of modern 
physiology, it is, of course, to Descartes that we trace the 
origin of our mechanical hypotheses—to Descartes, who, 
imitating Archimedes, said, “ Give me matter and motion, 
and 1 will construct the universe.” In fact, leaving the 
more shadowy past alone, we may say that it is since 
Descartes watched the fountains in the garden, and saw 
the likeness between their machinery of pumps and pipes 
and reservoirs and the organs of the circulation of the blood, 
and since Vaucanson’s marvellous automata lent plausi
bility to the idea of a “ living automaton ”—it is since 
then that men’s minds have been perpetually swayed by 
one or other of the two conflicting tendencies, either to 
seek an explanation of the phenomena of living things in 
physical and mechanical considerations, or to attribute 
them to unknown and mysterious causes, alien to physics 
and peculiarly concomitant with life. And some men’s 
temperaments, training, and even avocations, render them 
more prone to the one side of this unending controversy, 
as the minds of other men are naturally more open to the 
other. As Kiihne said a few years ago at Cambridge, the 
physiologists have been found for several generations lean
ing, on the whole, to the mechanical or physico-chemical 
hypothesis, while the zoologists have been very generally 
on the side of the Vitalists.

The very fact that the physiologists were trained in the 
school of physics, and the fact that the zoologists and 
botanists relied for so many years upon the vague, un
defined force of “ heredity ” as sufficiently accounting for 
the development of the organism, an intrinsic force the 
results of which could be studied, but the nature of which 
seemed remote from possible analysis or explanation—these 
facts alone go far to illustrate and to justify what Kiihne 
said.

Claude Bernard held that mechanical, physical, and 
chemical forces summed up all with which the physiologist 
has to deal. Verworn defined physiology as “ the chem
istry of the proteids ”; and 1 think that another physio
logist (but I forget who) has declared that the mystery of 
life lay hidden in “ the chemistry of the enzymes.” But 
of late, as Dr. Haldane showed in his address a couple of 
years ago to the Physiological Section, it is among the 
physiologists themselves, together with the embryologists, 
that we find the strongest indications of a desire to pass 
beyond the horizon of Descartes, and Io avow that physical 
and chemical methods, the methods of Helmholtz, Ludwig, 
and Claude Bernard, fall short of solving the secrets of 
physiology. On the other hand, in zoology, resort to the 
method of experiment—the discovery, for instance, of the 
wonderful effects of chemical or even mechanical stimula
tion in starting the development of the egg—and again 
the ceaseless search into the minute structure, or so-called 
mechanism, of the cell—these, I think, have rather tended 
to sway a certain number of zoologists in the direction of 
the mechanical hypothesis.

“ Cum formarum naturalium et corporalium esse non cons’stat n’si in 
unione ad materiam ; ejusdem agentis esse videtur eas producere, cujus est 
matertam transmutare. Secundo, quia cum hujusmodi forrnae non excedant 
virtutem et ordinem et facultatem principiorum agentium in natura, nulla 
videtur necessitas eorum originem in principia reducere altiora.—Aquinas, 
De Dot. Q. ill., a, ri: cf. Harper. “ Metaphysics of the School,” iii. t, p. 15a.

But, on the whole, I think it is very manifest that there 
is abroad on all sides a greater spirit of hesitation and 
caution than of old, and that the lessons of the philosopher 
have had their influence on our minds. We realise that 
the problem of development is far harder than we had 
begun to let ourselves suppose : that the problems of 

' organogeny and phylogeny (as well as those of physio- 
| logy) are not comparatively simple and well-nigh solved, 
I but are of the most formidable complexity. And we would, 
I most of us, confess, with the learned author of “ The Cell 
| in Development and Inheritance," " that we are utterly 
| ignorant of the manner in which the substance of the 
| germ-cell can so respond to the influence of the environ

ment as to call forth an adaptive variation ; and again, 
! that the gulf between the lowest forms of life and the 

inorganic world is as wide as, if not wider than, it seemed 
a couple of generations ago.”1

While we keep an open mind on this question of 
Vitalism, or while we lean, as so many of us now do, or 
even cling with a great yearning, to the belief that some
thing other than the physical forces animates and sustains 
the dust of which we are made, it is rather the business 
of the philosopher than of the biologist, or of the biologist 
only, when he has served his humble and severe apprentice
ship, to philosophy, to deal with the ultimate problem. It 
is the plain bounden duty of the biologist to pursue his 
course, unprejudiced by vitalistic hypotheses, along the road 
of observation and experiment, according to the accepted 
discipline of the natural and physical sciences; indeed, I 
might perhaps better say the physical sciences alone, for 
it is already a breach of their discipline to invoke, until 
we feel we absolutely must, that shadowy force of 
“ heredity ” to which, as I have already said, biologists 
have been accustomed to ascribe so much. In other words, 
it is an elementary scientific duty; it is a rule that Kant 
himself laid down ’ that we should explain, just as far 
as we possibly can, all that is capable of such explanation 
in the light of the properties of matter and of the forms 
of energy with which we are already acquainted.

It is of the essence of physiological science to investi
gate the manifestations of energy in the body, and to refer 
them, for instance, to the domains of heat, electricity, or 
chemical activity. By this means a vast number of pheno
mena, of chemical and other actions of the body, have 
been relegated to the domain of physical science and with
drawn from the mystery that still attends on life : and by 
this means, continued for generations, the physiologists, 
or certain of them, now tell us that we begin again to 
descry the limitations of physical inquiry, and the region 
where a very different hypothesis insists on thrusting itself 
in. But the morphologist has not gone nearly so far as 
the physiologist in the use of physical methods. He sees 
so great a gulf between the crystal and the cell, that the 
very fact of the physicist and the mathematician being 
able to explain the form of the one, by simple laws of 
spatial arrangement where molecule fits into molecule, 
seems to deter, rather than to attract, the biologist from 
attempting to explain organic forms by mathematical or 
physical law. Just as the embryologist used to explain 
everything by heredity, so the morphologist is still inclined 
to say—“ the thing is alive, its form is an attribute of 
itself, and the physical forces do not apply.” If he does 
not go so far as this, he is still apt to take it for granted 
that the physical forces can only to a small and even 
insignificant extent blend with the intrinsic organic forces 
in producing the resultant form. Herein lies our question 
in a nutshell. Has the morphologist yet sufficiently studied 
the forms, external and internal, of organisms in the light 
of the properties of matter, of the energies that are 
associated with it, and of the forces by which the actions 
of these energies may be interpreted and described ? Has 
the biologist, in short, fully recognised that there is a 
borderland, not only between physiology and physics, but 
between morphology and physics, and that the physicist 
may, and must, be his guide and teacher in many matters 
regarding organic form?

Now this is by no means a new subject, for such men 
as Berthold and Errera, Rhumbler and Dreyer, Biitschli 
and Verworn, Driesch and Roux, have already dealt or
1 Wibon, of. cit. 1506, p. 434. s In his " Critiqu-of Teleo'ogtcsl Judgment." 



deal with it. But on the whole it seems to me that the 
subject has attracted too little attention, and that it is 
well worth our while to think of it to-day.

The first point, then, that 1 wish to make in this con
nection is that the Form of any portion of matter, whether 
it be living or dead, its form and the changes of form 
that are apparent in its movements and in its growth, may 
in all cases alike be described as due to the action of 
Force. In short, the form of an object is a “ diagram of 
forces ”—in this sense, at least, that from it we can judge 
of or deduce the forces that are acting or have acted upon 
it; in this strict and particular sense it is a diagram; in 
the case of a solid, of the forces that have been impressed 
upon it when its conformation was produced, together 
with those that enable it to retain its conformation; in the 
case of a liquid (or of a gas), of the forces that are for 
the moment acting on it to restrain or balance its own 
inherent mobility. In an organism, great or small, it is 
not merely the nature of the motions of the living sub
stance that we must interpret in terms of Force (accord
ing to Kinetics), but also the conformation of the organism 
itself, whose permanence or equilibrium is explained by the 
interaction or balance of forces, as described in Statics.

If we look at the living cell of an Amoeba or a Spirogyra 
we see a something which exhibits certain active move
ments, and a certain fluctuating, or more or less lasting, 
form; and its form at a given moment, just like its 
motions, is to be investigated by the help of physical 
methods, and explained by the invocation of the mathe
matical conception of force.

Now the state, including the shape or form, of a portion 
of matter is the resultant of a number of forces, which 
represent or symbolise the manifestations of various kinds 
of Energy; and it is obvious, accordingly, that a great 
part of physical science must be understood or taken for 
granted as the necessary preliminary to the discussion on 
which we are engaged.

I am not going to attempt to deal with, or even to 
enumerate, all the physical forces or the properties of 
matter with which the pursuit of this subject would oblige 
us to deal—with gravity, pressure, cohesion, friction, 
viscosity, elasticity, diffusion, and all the rest of the 
physical factors that have a bearing on our problem. 1 
propose only to take one or two illustrations from the 
subject of surface-tension, which subject has already so 
largely engaged the attention of the physiologists. Nor 
will 1 even attempt to sketch the general nature of this 
phenomenon, but will only state (as I fear for my purpose 
I must) a few of its physical manifestations or laws. Of 
these, the most essential facts for us are as follows :— 
Surface-tension is manifested only in fluid or semi-fluid 
bodies, and only at the surface of these : though we may 
have to interpret surface in a liberal sense in cases where 
the interior of the mass is other than homogeneous. 
Secondly, a fluid may, according to the nature of the 
substance with which it is in contact, or (more strictly 
speaking) according to the distribution of energy in the 
system to which it belongs, tend either to spread itself out 
in a film, or, conversely, to contract into a drop, striving 
in the latter case to reduce its surface to a minimal area. 
Thirdly, when three substances are in contact (and subject 
to surface-tension), as when water surrounds a drop of 
protoplasm in contact with a solid, then at any and every 
point of contact certain definite angles of equilibrium are 
set up and maintained between the three bodies, which 
angles are proportionate to the magnitudes of the surface
tensions existing between the three. Fourthly, a fluid film 
can only remain in equilibrium when its curvature is every
where constant. Fifthly, the only surfaces of revolution 
which meet this condition are six in number, of which the 
plane, the sphere, the cylinder, and the so-called unduloid 
and catenoid are the most important. Sixthly, the cylinder 
cannot remain in free equilibrium if prolonged beyond a 
length equal -to its own circumference, but, passing through 
the unduloid, tends to break up into spheres : though this 
limitation may be counteracted or relaxed, for instance, 
by viscosity. Finally, we have the curious fact that, in a 
complex system of films, such as a homogeneous froth of 
bubbles, three partition-walls and no more always meet at 

a crest, at equal angles, as, for instance, in the very 
simple case of a layer of uniform hexagonal cells ; and (in 
a solid system) the crests, which may be straight or curved, 
always meet, also at equal angles, four by four, in a 
common point. From these physical facts, or laws, the 
morphologist, as well as the physiologist, may draw 
important consequences.

It was Hofmeister who first showed, more than forty 
years ago, that when any drop of protoplasm, either over 
all its surface or at some free end (as at the tip of the 
pseudopodium of an Amceba), is seen to “ round itself off,” 
that is not the effect of physiological or vital contractility, 
but is a simple consequence of surface-tension—of the law 
of the minimal surface; and in the physiological side, 
Engelmann, BUtschli, and others have gone far in their 
development of the idea.

It was Plateau, I think, who first showed that the 
myriad sticky drops or beads upon the weft of a spider’s 
web, their form, their size, their distance apart, and the 
presence of the tiny intermediate drops between, were in 
every detail explicable as the result of surface-tension, 
through the law of minimal surface and through the 
corollary to it which defines the limits of stability of the 
cylinder; and, accordingly, that with their production, the 
will or effort or intelligence of the spider had nothing to 
do. The beaded form of a long, thin pseudopodium, for 
instance, of a Heliozoan, is an identical phenomenon.

It was Errera who first conceived the idea that not only 
the naked surface of the cell, but the contiguous surfaces 
of two naked cells, or the delicate incipient cell-membrane 
or cell-wall between, might be regarded as a weightless 
film, whose position and form were assumed in obedience 
to surface-tension. And it was he who first showed that 
the symmetrical forms of the unicellular and simple multi
cellular organisms, up to the point where the development 
of a skeleton complicates the case, were one and all 
identical with the plane, sphere, cylinder, unduloid and 
catenoid, or with combinations of these.

It was Berthold and Errera who, almost simultaneously, 
showed (the former in far the greater detail) that in n 
plant each new cell-partition follows the law of minimal 
surface, and tends (according to another law which I have 
not particularised) to set itself at right angles to the pre
ceding solidified wall, so giving a simple and adequate 
physical explanation of what Sachs had stated as an 
empirical morphological rule. And Berthold further showed 
how, when the cell-partition was curved, its precise curva
ture, as well as its position, was in accordance with 
physical law.

There are a vast number of other things that we can 
satisfactorily explain on the same principle and by the 
same laws. The beautiful catenary curve of the edge of 
the pseudopodium, as it creeps up its axial rod in a 
Heliozoan or a Radiolarian, the hexagonal mesh of bubbles, 
or vacuoles, on the surface of the same creatures, the 
form of the little groove that runs round the waist of a 
Peridinian, even (as I believe) the existence, form, and 
undulatory movements of the undulatory membrane of a 
Trypanosome, or of that around the tail of the spermato
zoon of a newt—every one of these, I declare, is a case 
where the resultant form can be well explained by, and 
cannot possibly be understood without, the phenomena of 
surface-tension ; indeed, in many of the simpler cases the 
facts are so well explained by surface-tension that it is 
difficult to find place for a conflicting, much less an over
riding, force.

I believe, for my own part, that even the beautiful and 
varied forms of the Foraminifera may be ascribed to the 
same cause; but here the problem is just a little more 
complex, by reason of the successive consolidations of the 
shell. Suppose the first cell or chamber to be formed, 
assuming its globular shape in obedience to our law, and 
then to secrete its calcareous envelope. The new growing 
bud of protoplasm, accumulating outside the shell, will, in 
strict accordance with the surface-tensions concerned, either 
fail to “ wet ” or to adhere to the first-formed shell, and 
will so detach itself as a unicellular individual (Orbulina), 
or else it will flow over a less or greater part of the 
original shell until its free surface meets it nt the required 
angle of equilibrium. Then, according to this angle, the 
second chamber may happen to be all but detached 



(Globigerina), or, with all intermediate degrees, may very 
nearly wholly enwrap the first. Take any specific angle 
of contact and presume the same conditions to be main
tained, and therefore the same angle to be repeated, as 
each successive chamber follows on the one before, and 
you will thereby build up regular forms, spiral or alternate, 
that correspond with marvellous accuracy to the actual 
forms of the Foraminifera. And this case is all the more 
interesting, because the allied and successive forms so 
obtained differ only in degree in the magnitude of a single 
physical or mathematical factor; in other words, we get 
not only individual phenomena, but lines of apparent 
orthogenesis, that seem explicable by physical laws, and 
attributable to the continuity between successive states in 
the continuous or gradual variation of a physical condition. 
The resemblance between allied and related forms, as Hart
mann demonstrated and Giard admitted years ago, is not 
always, however often, to be explained by common descent 
and parentage.1

1 Cf. Giard, “ Discours inau^urale,” Hull. Scientif. (3), t, 1888.
2 “tch behaupte aber dass ill ieder besonderen Naiurlehre nur so viel 

eitcentHche Whsenschaft anectrofTen werden kdnne, als darin Maihcmatik 
anzutrefTen ist."—Kant, in Preface to “ Mctaphys. Anfangs^riinde der
Naturwissenschaft " (Werke, ed. Hartenstein, vol. iv. p. 360).

In the segmenting egg we have the simpler phenomenon 
of a “ laminar system,” uncomplicated by the presence of 
a solid framework; and here, in the earliest stages of 
segmentation, it is easy to see the correspondence of the 
planes of division with what the laws of surface-tension 
demand. For instance, it is not the case (though the 
elementary books often represent it so) that when the 
totally segmenting egg has divided into four segments, the 
four partition walls ever remain in contact at a single 
point; the arrangement would be unstable, and the posi
tion untenable. But the laws of surface-tension are at 
once seen to be obeyed when we recognise the little cross- 
furrow that separates the blastomeres, two and two, leav
ing in each case three only to meet at a point in our 
diagram, which point is in reality a section of a ridge or 
crest.

Very few have tried, and one or two (I know) have 
tried and not succeeded, to trace the action and the effects 
of surface-tension in the case of a highly complicated, 
multi-segmented egg. But it is not surprising if the 
difficulties which such a case presents appear to be formid
able. Even the conformation of the interior of a soap
froth, though absolutely conditioned by surface-tension, pre
sents great difficulties, and it was only in the last years 
of Lord Kelvin’s life that he showed all previous workers 
to have been in error regarding the form of the interior 
cells.

But what, for us, does all this amount to? It at least 
suggests the possibility of so far supporting the observed 
facts of organic form on mathematical principles as to 
bring morphology within or very near to Kant’s demand 
that a true natural science should be justified by its rela
tion to mathematics.3 But if we were to carry these prin
ciples further, and to succeed in proving them applicable 
in detail, even to the showing that the manifold segmenta
tion of the egg was but an exquisite froth, would it wholly 
revolutionise our biological ideas? It would greatly modify 
some of them, and some of the most cherished ideas of 
the majority of embryologists; but I think that the way 
is already paved for some such modification. When Loeb 
and others have shown us that half, or even a small por
tion, of an egg, or a single one of its many blastomeres, 
can give rise to an entire embryo, nnd that in some cases 
any part of the ovum can originate any part of the 
organism, surely our eyes are turned to the energies 
inherent in the matter of the egg (not to speak of a pre
siding entelechy), and away from its original formal opera
tions of division. Sedgwick has told us for many years 
that we look too much to the individuality of the individual 
cell, and that the organism, at least in the embryonic body, 
is a continuous syncytium. Hofmeister and Sachs have 
repeatedly told us that in the plant, the growth of the mass, 
the growth of the organ, is the primary fact; and De Bary 
has summed up the matter in his aphorism, Die Pflanze 
hildet Zellen, nicht die Zelle hildet Pflanzen. And in many 
other ways, as many of you are well awnre, the extreme 

position of the cell-theory, that the cells are the ultimate 
individuals, and that the organism is but a colony of quasi
independent cells, has of late years been called in question.

There are no problems connected with Morphology that 
appeal so closely to my mind, or to my temperament, as 
those that are related to mechanical considerations, to 
mathematical laws, or to physical and chemical processes.

1 love to think of the logarithmic spiral that is engraven 
over the grave of that great anatomist, John Goodsir (as 
it was over that of the greatest of the Bernouillis), so 
graven because it interprets the form of every molluscan 
shell, of tusk and horn and claw, and many another organic 
form besides. I like to dwell upon those lines of 
mechanical stress and strain in a bone that give it its 
strength where strength is required, that Hermann Meyer 
and J. Wolff described, and on which Roux has bestowed 
some of his most thoughtful work; or on the ” stream
lines ” in the bodily form of fish or bird, from which the 
naval architect and the aviator have learned so much. I 
admire that old paper of Peter Harting’s in which he 
paved the way for investigation of the origin of spicules, 
and of all the questions of crystallisation or pseudo-crystal
lisation in presence of colloids, on which subject Lehmann 
has written his recent and beautiful book. I sympathise 
with the efforts of Henking, Rhumbler, Hartog, Gallardo, 
Leduc, and others to explain on physical lines the pheno
mena of nuclear division. And, as I have said to-day, 1 
believe that the forces of surface-tension, elasticity, and 
pressure are adequate to account for a great multitude of 
the simpler phenomena, and the permutations and com
binations thereof, that are illustrated in organic Form.

I should gladly and easily have spent all my time this 
morning in dealing with these questions alone. But I was 
loath to do so, lest I should seem to overrate their import
ance, and to appear to you as an advocate of a purely 
mechanical biology.

I believe all these phenomena to have been unduly 
neglected, and to call for more attention than they have 
received. But I know well that though we push such 
explanations to the uttermost, and learn much in the so 
doing, they will not touch the heart of the great problems 
that lie deeper than the physical plane. Over the ultimate 
problems and causes of vitality, over what is implied in 
the organisation of the living organism, we shall be left 
wondering still.

To a man of letters and the world like Addison, it came 
as a sort of revelation that Light and Colour were not 
objective things, but subjective, and that back of them 
lay only motion or vibration, some simple activity. And 
when he wrote his essay on these startling discoveries, he 
found for it, from Ovid, a motto well worth bearing in 
mind, causa latet, vis est notissima. We may with 
advantage recollect it when we seek and find the Force 
that produces a direct Effect, but stand in utter perplexity 
before the manifold and transcendent meanings of that 
great word “ cause.”

The similarity between organic forms and those that 
physical agencies are competent to produce still leads some 
men, such as Stephane Leduc, to doubt or to deny that 
there is any’ gulf between, and to hold that spontaneous 
generation or the artificial creation of the living is but a 
footstep away. Others, like Delage and many more, see 
in the contents of the cell only a complicated chemistry, 
and in variation only a change in the nature and arrange
ment of the chemical constituents; they either cling to a 
belief in “ heredity,” or (like Delage himself) replace it 
more or less completely by the effects of functional use 
and by chemical stimulation from without nnd from 
within. Yet others, like Felix Auerbach, still holding to 
a physical or quasi-physical theory of life, believe that in 
the living body the dissipation of energy is controlled by a 
guiding principle, as though by Clerk Maxwell’s demons; 
that for the living the Law of Entropy’ is thereby reversed ; 
and that Life itself is that which hns been evolved to counter
act and battle with the dissipation of energy. Berthold, who 
first demonstrated the obedience to physical laws in the 
fundamental phenomena of the dividing cell or segmenting 
egg, recognises, almost in the words of John Hunter, a 
quality in the living protoplasm, sui generis, whereby its 
maintenance, increase, and reproduction are achieved. 
Driesch, who began as a “ mechanist,” now, as we have 



seen, harks back straight to Aristotle, to a twin or triple 
doctrine of the soul. And Bergson, rising into heights of 
metaphysics where the biologist, qua biologist, cannot 
climb, tells us (like Duran) that life transcends teleology, 
that the conceptions of mechanism and finality fail to 
satisfy, and that only “ in the absolute do we live and 
move and have our being.”

We end but a little way from where we began.
With all the growth of knowledge, with all the help of 

all the sciences impinging on our own, it is yet manifest, 
1 think, that the biologists of to-day are in no self-satisfied 
and exultant mood. The reasons and the reasoning that 
contented a past generation call for reinquiry, and out of 
the old solutions new questions emerge; and the ultimate 
problems are as inscrutable as of old. That which, above 
all things, we would explain, baffles explanation ; and that 
the living organism is a living organism tends to reassert 
itself as the biologist’s fundamental conception and fact. 
Nor will even this concept serve us and suffice us when 
we approach the problems of consciousness and intelligence 
and the mystery of the reasoning soul; for these things 
are not for the biologist at all, but constitute the Psycho
logist’s scientific domain.

In Wonderment, says Aristotle, does’philosophy begin,' 
and more than once he rings the changes on the theme. 
Now, as in the beginning, wonderment and admiration are 
the portion of the biologist, as of all those who contemplate 
the heavens and the earth, the sea, and all that in them is.

And if Wonderment springs, as again Aristotle tells us, 
from ignorance of the causes of things, it does not cease 
when we have traced and discovered the proximate causes, 
the physical causes, the Efficient Causes of our phenomena. 
For beyond and remote from physical causation lies the 
End, the Final Cause of the philosopher, the reason Why, 
in the which are hidden the problems of organic harmony 
and autonomy and the mysteries of apparent purpose, 
adaptation, fitness, and design. Here, in the region of 
teleology, the plain rationalism that guided us through the 
physical facts and causes begins to disappoint us, and 
Intuition, which is of close kin to Faith, begins to make 
herself heard.

And so it is that, as in Wonderment does all philosophy 
begin, so in Amazement does Plato tell us that all our 
philosophy comes to an end.3 Ever and anon, in presence 
of the magnolia naturae, we feel inclined to say with the 
poet:

ou yap ti vvv re KiyOtr, aAA’ ael rrore 
fp Tavra, koi»3«1$ olbev if orov ’<pdvn.

" These things are not of to-day nor yesterday, but ever
more, and no man knoweth whence they came.”

I will not quote the noblest words of all that come into 
my mind, but only the lesser language of another of the 
greatest of the Greeks : “ The ways of His thoughts arc 
as paths in a wood thick with leaves, and one seeth through 
them but a little way.”

SECTION E.
CEOORABHY.

Opening Address by Colonel C. F. Close, C.M.G., R.E., 
President or the Section.

I propose to devote the first part of this address to an 
examination of the purpose and position of Geography, 
with special reference to its relations with other subjects. 
It will not be possible entirely to avoid controversial 
matters; but, if some of the questions touched on are 
controversial, this only means that these questions have a 
certain importance. I shall try to describe the facts of the 
case impartially.

In the second part I shall try to indicate briefly what 
the Government, as represented by the great Departments 
of State, is doing for Geography.

Part I. The Position of Geography with reference to 
other Subjects.

It is no secret that the geographical world is not 
unanimous about the meaning and object of Geography. 
The definitions suggested by such writers as Mr. Chisholm,

1 “ Met." I., 2,982*1, 12, &c.
2 Cf. Coleridge, “ Biogr. Lit.”

Prof. Davis, Prof. Herbertson, Mr. Mackinder, or Dr. 
Mill, are not in agreement. From time to time an attempt 
is made to formulate some statement which shall not 
commit the subscribers to anything very definite. But 
differences of opinion on the subject persist.

There are, of course, a great many ways of approaching 
the question. Let us, for example, examine the proceed
ings of such representative bodies as the British Associa
tion and the Royal Geographical Society, and of such 
assemblies as the International Geographical Congresses, 
and let us see if we can find out what is, as a fact, the 
scope of the subject as dealt with by these bodies. They 
are institutions which work in the full light of day, and 
they are too large to be dominated for any length of time 
by individuals. If we can find any working principle, any 
common term, amongst these societies, we shall have gone 
some way towards arriving at a solution of the problem.

A simple method of investigation is to discuss the 
character of the publications of these societies and of the 
lectures delivered before them. And I feel that I cannot 
do better than devote most of this brief analysis to the 
Royal Geographical Society and its admirably edited 
Journal. Here we are on safe ground. If an inhabitant 
of another planet wished to know what we understand by 
astronomy we could confidently refer him to the Monthly 
Notices of the Royal Astronomical Society. If he were 
curious about the condition of geology, we should give him 
the volumes of the Geological Society. And, if he were 
so rash as to ask what are the objects of the modern 
mathematician, we should hand him the papers published 
by the London Mathematical Society. The “ Geographical 
Journal ” occupies no lower a position with reference to 
Geography than do the other journals mentioned with 
reference to the sciences with which they deal.

In analysing the contributions to the Royal Geographical 
Society, it is important to start with an honest classifica
tion. In the endeavour to be impartial I have chosen the 
classification which was adopted for the last International 
Geographical Congress, i.e. that held at Geneva in 1908. 
This Congress was divided into fourteen sections. It will 
serve to clear the ground if we deal first with sections 12, 
13, and 14; these are the Teaching of Geography, 
Historical Geography (which was mainly concerned with 
the history of travel and exploration), and Rules and 
Nomenclature. For the purpose of discovering what Geo
graphy is, these three sections will not be of any assist- 

| ance. Every subject has its educational side, its history, 
| and its rules and nomenclature. The subject proper was, 

therefore, divided into eleven sections. The eleven sections 
are the following :—

(1) Mathematical and Cartographical Geography.
(2) General Physical Geography.
(3) Vulcanology and Seismology.
(4) Glaciers.
(5) Hydrography (Potamography and Limnology).
(6) Oceanography.
(7) Meteorology and Climatology ; Terrestrial Magnetism.
(8) Biological Geography.
(9) Anthropology and Ethnography.

(10) Economic and Social Geography.
(it) Explorations.

Before applying this classification to the work of the 
Geographical Society, I wish to call attention to the 
extremely frank way in which vulcanology, seismology, 
meteorology, climatology, terrestrial magnetism, anthropo
logy, and ethnography are included in Geography. The 
list, in fact, covers ground occupied by several sections of 
the British Association.

I have investigated the work of the Geographical Society 
for the five complete years 1906 to 1910. The original 
contributions to the “ Geographical Journal ” have been 
examined for that period, omitting from consideration con
tributions on the subjects of teaching, the history of ex
ploration, and rules and nomenclature.

There are altogether 296 original papers which come 
under one or another of the eleven headings given above. 
Of these papers, 171, or 57 per cent., deal with Explora
tions and Travels. There is a great drop to the next 
largest section, General Physical Geography, which 



accounts for thirty papers, or about to per cent. Adhering 
to the order of the Geneva Congress, the complete list is 
as follows :—

Original Contributions to the Proceedings of the lioyal 
Geographical Society during the five years 1906 to 1910.

Subject Percentage
(1) Mathematical and Cartographical Geography 3 
(2) General Physical Geography ......................... to
(3) Vulcanology and Seismology ......................... 5
(4) Glaciers ........................................................... 3
(5) Hydrography (Potamography and Limnology) 5 
(b) Oceanography ................................................ 3
(7) Meteorology and Climatology; Terrestrial

Magnetism ................................................ 3
(8) Biological Geography ..................................... 1
(9) Anthropology and Ethnography......................... 3

(10) Economic and Social Geography .............. 7
(11) Explorations ....................................................57
The main conclusion is obvious enough. For the prin

cipal Geographical Society in the world, Geography is still 
mainly an affair of explorations and surveys; if to this 
item we add cartography, we account for 60 per cent, of 
the activities of the Society.

There is another important deduction which is natural 
and unforced : the papers on vulcanology and seismology 
and on glaciers could have been read with perfect appro
priateness before the Geological Society; those on meteor
ology and climatology before the Meteorological Society; 
and those on anthropology and ethnography before the 
Anthropological Society. To make quite sure of this point 
1 will cite a few titles of the papers read : “ The Great 
Tarawera Volcanic Rift,” by J. M. Bell; “Recent Earth
quakes,” by R. D. Oldham; “Glacial History of Western 
Europe,” by Prof. T. G. Bonney; “Climatic Features of 
the Pleistocene Ice Age,” by Prof. A. Penck; “ Rainfall of 
British East Africa,” by G. B. Williams; “Geographical 
Distribution of Rainfall in the British Isles,” by Dr. H. R. 
Mill; “Geographical Conditions affecting Population in 
the East Mediterranean Lands,” by D. G. Hogarth; 
“Tribes of North-Western Se-Chuan,” by W. N. 
Fergusson.

This little list of typical subjects indicates clearly that 
there is a large group of contributions which would have 
found an appropriate home in the journals of the Geo
logical, Meteorological, and Anthropological Societies; 
there is a possible corollary that, since men who make a 
life-study of these subjects are best capable of dealing with 
them, the authors of the above type of paper who submit 
their work to the Geographical Society in so doing appeal 
rather to the public at large than to men of their own 
special sciences.

We may therefore sum up the results of this brief 
investigation into the work of the Royal Geographical 
Society by saying that 60 per cent, of it is concerned with 
exploration and mapping, and that some of the remainder 
could be dealt with appropriately by the learned societies 
concerned, but that the Geographical Society serves as a 
popularising medium. It also serves a useful purpose as 
a common meeting-ground for vulcanologists, seismo
logists, oceanographers, meteorologists, climatologists, 
anthropologists, and ethnographers.

Another line of investigation may be profitably pursued. 
Who are. by common consent, the leading geographers of 
the world? No doubt the explorers come first in popular 
estimation, such men (omitting British names) as Peary, 
Charcot, Sven Hedin. Then after this type would come 
the men of learning who stand out in any International 
Congress. These men stand out because they have, by 
their own exertions, increased the sum of human know
ledge. Omitting, for the moment, the consideration of 
exploration and mapping, we find that in an international 
congress a large number of the most celebrated geo
graphers are eminent as geologists. In such a gathering 
we can also pick out those who have advanced the sciences 
of meteorology or anthropology. Now, suppose the posi
tion reversed. Let the functions of geology be supposed 
to be somewhat in dispute and those of geography perfectly 
definite, and further let us suppose that at an international 
meeting of geologists a large proportion of the men of 

real distinction were geographers. We may in this way get 
an idea of what geography looks like from the outside.

1 think that at this point we may explain, in a pre
liminary way, the work of the Geographical societies, 
after the fashion of the “ Child's Guide to Knowledge —

Question. What is Geography?
Answer. There is no generally accepted definition of 

Geography.
Question. Can we not form some idea of the scope of 

the subject by considering the work of the Royal Geo
graphical Society?

Answer. Yes; 60 per cent, of this work deals with ex
plorations, surveys, and mapping, and of the rest a con
siderable portion consists of matter which could be 
discussed appropriately before the Geological, Meteor
ological, and Anthropological Societies.

Question. What, then, leaving maps out of considera
tion, are the useful functions of a Geographical society?

Answer. A Geographical society serves to popularise the 
work of men who labour in certain fields of science, and 
such a society forms a very convenient meeting-ground 
for them.

Question. What is a geographer?
Answer. The term geographer is sometimes applied to 

explorers; sometimes to men who compile books derived 
mainly from the labours of surveyors, geodesists, geo
logists, climatologists, ethnographers, and others; some
times to those who compile distributional maps.

Question. Can a geographer who has not made a special 
study of one or more of such subjects as geodesy, survey
ing, cartography, geology, climatology, or ethnography, 
hope to advance human knowledge?

Answer. He can do much to popularise these subjects, 
but he cannot hope to do original work.

Another way of attempting to ascertain the meaning 
and object of Geography is to study the character of the 
instruction given in the universities, and we may suppose 
that this can be fairly judged by the contents of standard 
text-books. Let us take, for example, the “ Traits de 
Gdographie Physique ” of M. E. de Martonne, formerly 
Professor of Geography at the University of Lyons, now 
Professor at the Sorbonne. The work in question was 
published in 1909, and is divided into four main sections— 
Climate, Hydrography, Terrestrial Relief, and Bio
geography.

The first sentence of the book is “ What is Geography?” 
Twenty-four pages are devoted to discussing this question, 
which the writer, with all his skill and learning, finds it 
difficult to answer definitely and convincingly. One 
receives the impression of the dexterous handling of a 
difficult question, and of a generally defensive attitude. 
In this book geography is said to depend on three prin
ciples. The principle of extension, the principle of 
coordination, and the principle of causality. As an illus
tration of the meaning of the principle of extension, we 
are told that “ the botanist who studies the organs of a 
plant, its conditions of life, its position in classification, 
is not doing geographical work ; but if he seeks to deter
mine its area of extension, il fait de la geographic 
botanique.” I believe that we have here reached a 
critical point. The claim is, that when, in the prosecution 
of a botanical study, a map is used to show the distribu
tion of a plant, the use of such a map converts the study 
into a branch of geography. Well, it is a question of 
definition and convention, which cannot, I imagine, be 
settled except by the general agreement of all the sciences. 
We have to make up our minds whether a man who con
structs a distributional map is doing “ geography.” One 
thing, I suppose, is not doubtful. When the map is 
made it will be better interpreted by a botanist than by 
a person ignorant of botany. In the same way the dis
cussion of an ordinary geological map is best undertaken 
by a geologist, and so on. It would appear that geo
graphy. in the sense mentioned, is not so much a subject 
as a method of research.

It will be convenient here to say a few words about 
the relations between societies and schools of Geography, 
and those two important subjects geodesy and geologv. 
Curiously enough, there is not, and has never been, in 
the United Kingdom a society or body specially charged 
with the study of geodesy. Geodesy, in fact, has no 



regular home in these islands. But the Royal Geo
graphical Society has done a good deal in the past few 
years to stimulate an interest in the subject, thereby 
fulfilling what 1 believe to be one of the Society’s most 
useful (unctions, that of popularisation.

If, however, an authoritative opinion were required on 
any geodetic question, where could it be obtained? Well, 1 
suppose there is no doubt that the headquarters of this 
branch of learning is the International Geodetic Associa
tion ; but the scientific work itself is being largely carried 
out at the Geodetic Institute at Potsdam, by the Survey 
of India, by the Geodetic Section of the Service G6o- 
graphique, by the U.S. Coast and Geodetic Survey, and 
by similar bodies. Geodesy, especially in its later develop
ments, is a definitely scientific subject which demands 
much study and application. It is but slightly touched 
upon by the schools of Geography. I’erhaps 1 may here 
point out that geodesy is by no means mainly concerned 
with the shape of the spheroid. The chief problems are 
now those of isostasy and local attraction generally, the 
real shape of the sea-surface, the continuity of the crust 
of the earth, and changes of density therein.

The position in which Geography finds itself with re
gard to Geology can be clearly seen if reference is made 
to the new edition of the “ Encyclopaedia Britannica.” 
In the eleventh volume of this work are two important 
articles, “ Geography,” by Dr. H. R. Mill, and 
“ Geology,” by Sir Archibald Geikie. In the article on 
“ Geography ” we find a description of geomorphology as 
that part of Geography which deals with terrestrial relief, 
and a remark is made that “ opinion still differs as to 
the extent to which the geographer’s work should overlap 
that of the geologist.” In this article, however, most of 
the authorities quoted are geologists, and the author 
remarks that “ the geographers who have hitherto given 
most attention to the forms of the land have been trained 
as geologists.”

Turning to the article on “ Geology,” we find an 
important section on “ Physiographical Geology,” which 
is described as dealing with the investigation of “ the 
origin and history of the present topographical features of 
the land.” Now this is the exact field claimed for geo
morphology. It has been observed by others, notably by 
Prof, de .Martonne, that the interpretation of topographic 
forms has been most successfully undertaken by geologists, 
and he gives as an instance of this the good work done 
by the United States Geological Survey.

I do not know whether any geographer untrained as a 
geologist has contributed anything of value to geo
morphology.

Another test which may be applied is the following: 
Let us imagine Geography to be non-existent, and note 
what the effect would be. Suppose there were no such 
things as Government Geographical Services, or Schools 
of Geography at the Universities, or Geographical Socie
ties. The first and most obvious result would be that 
most, if not all, of our apparatus of exploration and 
mapping would have disappeared. But as we are all in 
agreement as to the necessity of this branch of human 
effort, let us restore this to existence and examine the 
effect of the disappearance of the rest.

So far as concerns geodesy, we should still possess the 
International Geodetic Association, the Geodetic Institute 
at Potsdam, and the United States Geodetic Survey, and 
similar bodies. But we should have lost the means of 
popularising geodesy in the proceedings of Geographical 
Societies; and, as there would be now no geographical 
text-books, elementary geodesy would not find itself 
between the same covers as climatology and geo
morphology.

As regards geomorphology, or physiographical geology, 
not very much difference would be noted. The geologists 
would still pursue this important subject; but here again 
their writings would perhaps appeal to a more expert and 
less popular audience, although it is not to be forgotten 
that many admirable introductions to the subject have 
been written by geologists.

Much the same might be said about meteorology and 
climatology. There would be text-books devoted to these 
studies, but there might be a diminution of popular 
interest.

Such names as phyto-geography would disappear, but 
the study of botany Cif we permit it the use of distribu
tional maps) would not be affected. The loss to know
ledge would be mainly that of getting to a certain extent 
out of touch with the public. The constitutions of the 
various learned bodies would remain the same, and so 
would their functions. The constitution of the Royal 
Society, which has never recognised geography as a sub
ject, would be totally unaffected.

If we thus study the relations between Geography and 
other subjects we are almost bound to arrive at the con
clusion that Geography is not a unit of science in the 
sense in which geology, astronomy, or chemistry are units. 
If we inquire into the current teaching of Geography, and 
examine modern text-books, we find that most of the 
matter is derived directly from the workers in other fields 
of study. And if we inquire into the products of Geo
graphical societies, it becomes evident that one of the most 
important functions fulfilled by these useful bodies is to 
popularise the work of geodesists, geologists, climatologists, 
and others, and to provide a common meeting-ground for 
them. If Geography had been able to include geology 
and the other sciences which deal with earth-knowledge, 
it would then, indeed, have been a master science. But 
things have worked out differently.

I shall very probably be told that, in laying some stress 
on the above-mentioned aspects of the subject, 1 have for
gotten that the main purpose of Geography is the study 
of the earth as the home of man, or the study of man as 
affected by his environment, and that, however necessary 
it may be to begin with a foundation of geodesy, geology, 
and climatology, we must have as our main structure the 
investigation of the effect of place conditions on the races 
of man, on human history and human industry, on 
economics and politics.

It is obviously and abundantly true that no student of 
history, economics, or politics can disregard the effect of 
geographical environment. But it is not, as a fact, dis
regarded by writers on these subjects. The question is, to 
a large extent, whether we should annex these portions 
of their studies, group them, and label them “ Geography.” 
Our right to do this will depend on the value of our own 
original investigations. We have the right to use the 
results obtained by others, provided that we add some
thing valuable of our own.

Before this human aspect of geography—or, for that 
matter, any other aspect of the subject—is recognised by 
the world of science as an independent, indispensable, and 
definite branch of knowledge, it must prove its independ
ence and value by original, definite, and, if possible, 
quantitative research.

Part II. Geography and the Government Departments.
Whatever definition of Geography is accepted, we are 

all in agreement that the map is the essential foundation 
of the subject. 1 propose now to indicate very briefly how 
the British Government, as represented by the great 
Departments of State, is, in this respect, assisting the 
cause of Geography. The Departments which are 
interested in maps and surveys are the following :—The 
Admiralty, the War Office, the Colonial Office, the India 
Office, the Board of Agriculture, and the Foreign Office.

The immense services rendered, not only to this country, 
but to the whole world, by the Hydrographic Department 
of the Admiralty are known to all. But it would be some
what rash of a soldier to talk about hydrographic surveys, 
so I will confine my remarks to surveys on land.

First, it should be remarked that the British Govern
ment as a whole has for many years shown its interest in 
Geography, and has recognised the good work done by 
the Royal Geographical Society by contributing an annual 
sum of 500/. towards the funds of the Society. Next, it 
should be noted that from time to time British Govern
ments have contributed large sums of money towards 
Arctic and Antarctic exploration. 'I he most recent 
examples of this very practical form of encouragement will 
be remembered by all; I mean the Government expendi
ture on Scott’s first Antarctic Expedition and the hand
some sum contributed towards the cost of Shackleton's 
great journey.



Turning now to the Bar Office, the first matter to 
which I would call attention is that nearly all the accurate 
topographical surveys of the Empire have been started by 
soldiers. This applies to the United Kingdom, Canada, 
Australia, South Africa, Tropical Africa, and last, but 
greatest of all, India. The accounts of the struggles of 
soldiers at the end of the eighteenth century to obtain 
sanction for what is now known as the Ordnance Survey 
form very interesting reading. In fact, all over the world 
it was military requirements which produced the topo
graphical map; and it is still the War Offices of the world 
which control the execution of almost all geographically 
important surveys. During the last few years the largest 
block of work undertaken by the War Office has been the 
accurate survey of the Orange Free State, which has an 
area of about 52,000 square miles—nearly the size of 
England—and an adjacent reconnaissance survey in the 
Cape of Good Hope covering an area of a hundred 
thousand square miles. There has been some inevitable 
delay (due to causes which need not be gone into now) in 
the publication of the sheets of this survey, but the work 
is being pushed on. The survey of the Orange Free State 
is fully comparable with the admirable surveys carried out 
by the French Service Gdographique de l’Armde in Algeria 
and Tunis. Some work has also been done in the Trans
vaal. Other surveys carried out in recent years under the 
direct control of the War Office are those of Mauritius, St. 
Helena, a portion of Sierra Leone, Malta, and Hong Kong.

The most notable work which is now being carried 
out in the Self-Governing Dominions is the Militia Depart
ment Survey of Canada, with which excellent progress has 
been made.

The total area of the Crown Colonies and Protectorates 
under the rule of the Colonial Office amounts to about two 
million square miles. British African Protectorates form 
a large portion of this total, and I will indicate briefly 
what is being done to survey these tropical Protectorates. 
From the geographical point of view the brightest regions 
are East Africa, Uganda, and Southern Nigeria. In East 
Africa topographical surveys of the highlands and coast 
belt are being pushed on by military parties as part of 
the local survey department. The area of exact work 
done amounts now to some 30,000 square miles. In 
Uganda a military party has recently completed a large 
block of country, and in this Protectorate thoroughly 
trustworthy maps of 32,000 square miles are now available. 
In Southern Nigeria a completely reorganised survey 
department is tackling in a thoroughly systematic fashion 
the difficult task of mapping a forest-clad country. We 
shall shortly see the results.

For the information of those who have not travelled in 
Tropical Africa it should be remarked that surveying in 
such countries is attended by every sort of difficulty and 
discomfort, and too often by illness and serious discourage
ment. It is one thing to sit at home in a comfortable 
office and plan a scheme of survey, and quite another 
thing to carry it out on the spot. We do not, I am con
vinced, give enough honour and credit to those who 
actually get the work done in such trying circumstances. 
Honest, accurate survey work in the tropics puts a much 
greater strain on a man than exploratory sketching. To 
picture what the conditions are, imagine that you are to 
make a half-inch survey of the South of England : cover 
the whole country with dense forest; put mangrove 
swamps up all the estuaries; raise the temperature to that 
of a hot-house; introduce all manner of insects; fill the 
country with malaria, yellow fever, blackwater fever, and 
sleeping sickness; let some of your staff be sick; then 
have a fight with the local treasury as to some necessary 
payment, and be as cheerful as you can. That is one side 
of the medal. On the other side there is the abiding 
interest which the surveyor feels in the country, the natives, 
and the work; the sense of duty done: and the satisfac
tion of opening up and mapping for the first time a portion 
of this world’s surface.

There is no time to mention other surveys in Africa, 
and I will pass on to a very interesting part of the world, 
the Federated Malay States. In this prosperous country 
much excellent geographical work is being done by the 
combined survey department which was established under 
a Surveyor-General in the year 1907. The department is 

in good hands, and the commencement of a regular topo
graphical series is being undertaken.

I wish it were possible to prophesy smooth things about 
Ceylon. From our special point of view the situation 
leaves much to be desired. There is not yet published a 
single topographical map, and the topographical surveys 
are progressing at a rate which, under favourable con
ditions, may result in the maps being completed in the 
year 1970.

In closing this inadequate review of the principal surveys 
which are being undertaken in the Crown Colonies and 
Protectorates, 1 should mention that the coordinating 
factor is the Colonial Survey Committee, which every year 
publishes a report which is presented to Parliament.

The India Office is, of course, concerned with that great 
department the Survey of India. The Indian Empire 
has an area of about 1,800,000 square miles, and as, under 
the arrangements approved in 1908, the standard scale of 
survey is to be one inch to one mile, the area of paper to 
be covered will be 1,800,000 square inches. Actually this 
is divided into about 6700 sheets. The Survey of India 
has always been famous for its geodetic work and for its 
frontier surveys and methods. Its weak point used to be 
its map reproduction. This has been greatly improved. 
But personally I feel that if, for most military and popular 
purposes, a half-inch map is found suitable for England, 
as is undoubtedly the case, there is no reason why a half
inch map should not also be suitable for India. It is 
mainly a question of putting more information on the 
published map, and of engraving it and using finer means 
of reproduction. If this smaller scale were adopted all 
the information now presented could be shown, and the 
number of the sheets would be reduced from 6700 to 
1675, a saving of 5000 sheets. It is difficult to avoid the 
feeling that the Survey of India is over-weighted with the 
present scheme. The scheme has, however, many merits. 
It will be impossible to carry it out unless the department 
is kept at full strength.

The Hoard of Agriculture is the Department which is 
charged with the administration of the Ordnance Survey. 
The Ordnance Survey spends some 200,000!. a year, and 
for that sum it furnishes the inhabitants of the United 
Kingdom with what are, without doubt, the finest and 
most complete series of large-scale maps which any country 
possesses. There is nothing in any important country 
(such as France, Germany, Italy, Russia, or the United 
States) to compare with our complete and uniform series 
of sheets on the scale of m'ns. These sheets are sold at 
a nominal price, and are, in effect, a free gift to land
owners, agents, and all who deal with real property. They 
are also, of course, invaluable to county and borough 
engineers and surveyors. They really are a national asset 
which is not half enough appreciated. The whole concep
tion of these large-scale plans has stood the test of time, 
and is greatly to the honour of a former generation of 
officers.

Much might be said about the small-scale maps of the 
Ordnance Survey, which are now published in a very 
convenient form. As mentioned below, the latest small- 
scale Ordnance map is the new international map on the 
million scale. Some sheets of this map will shortly be 
published.

The Foreign Office is concerned with the surveys of the 
Anglo-Egyptian Sudan, which are at present mainly of an 
explanatory character. The taking over of the Province of 
Lado has recently thrown fresh work on the Sudan Survey 
Department. The Foreign Office, which administers 
Zanzibar, has recently given orders for the survey of the 
Island of Pemba, a dependenev of Zanzibar, and this is 
being carried out by a small military party.

But the greatest service to Geography rendered by the 
Foreign Office in recent years was the encouragement given 
to the project of the International Map by the assembly of 
an international committee in November, 1000. Sir 
Charles (now Lord) Hardinge presided at the opening 
session. There were delegates from Austria-Hungary, 
France. Germany, Great Britain, Canada and Australia, 
Italy, Russia, Spain, and the United States, and, as is 
known, the resolutions which were devised by the Com
mittee were agreed to unanimously. After the conclusion 
of the work of the Committee the Government communi



cated the resolutions to all countries which had not been 
represented, and nearly all the replies which have been 
received are favourable. Maps in exact accordance with 
the resolutions are, it is understood, being produced by 
France, Hungary, Italy, Spain, the United States, and 
other countries, and, so far as we are concerned, by the 
General Staff and the Ordnance Survey. These maps will 
be shown at the International Geographical Congress which 
meets at Rome in October next.

I have now come to the end of this rapid sketch of the 
geographical work of the official world. It is work which, 
though often of an apparently humdrum character, out
weighs in importance the sum total of all which can be 
undertaken by private agency or by societies. But it is 
the very legitimate business of societies to criticise and 
encourage.

It is, in fact, not only our manifest duty to encourage 
the systematic mapping of the world on which we live, 
but we should do all we can to ensure the perfection, and 
suitability for their special purposes, of the maps them
selves. In the surveying of the earth’s surface and its 
representation by means of maps we are treating of matters 
which are essentially and peculiarly our own.

It would appear that another great function of Geo
graphy, as represented by Geographical societies and con
gresses, is to serve as a popularising medium for such 
sciences as geodesy, geology, climatology, and anthro
pology, and also to serve as the means of bringing together 
the workers in these sciences. We may be told that, so 
far as this Association is concerned, the exact study of 
geodesy and meteorology is dealt with by Section A, 
geology by Section C, and anthropology by Section II, but 
there is, I believe, no other section which forms a more 
convenient general meeting-ground for all the workers in 
the various divisions of earth-knowledge. We ourselves 
have our own special work, work which is shared by no 
others, the great task of mapping the world. This task 
is such a necessary one, and it is of such genuine value 
to so many studies, that by assisting in it we are really 
‘urthering the Advancement of Science, which is the 
object of this great Association.

NOTES.
Colonel C. F. Close, C.M.G., R.E., has been 

appointed Director-General of the Ordnance Survey in 
succession to Colonel S. C. N. Grant, C.M.G., R.E.

Dr. F. Grant Ogilvie, C.B., has been appointed by 
the President of the Board of Education director of the 
Science Museum. He will continue to fill his present 
position of secretary for the Science Museum and the 
Geological Survey and Museum.

The memory of Alessandro Volta was honoured on 
Friday last by a meeting held at his grave nt Camnago, 
at which were present Signor Calissnno, Minister of Posts 
and Telegraphs, M. Buebs, director of the Belgian tele
graphs, Signor Pietro Volta (a nephew of the inventor), 
and many telegraphists from all parts of the world. Several 
speeches were delivered, and a memorial stone bearing an 
inscription recording the esteem in which Volta is held 
was inaugurated. The ceremony was followed by a 
luncheon, provided by the Mayor, and the placing of 
wreaths, at Como, on the Volta monument.

The Brussels correspondent of The Tinies announces the 
death of Prof. F. Swarts, the holder for many years of the 
chair of general chemistry at the University of Ghent.

Tub death is announced, at the age of sixty-four years, 
of Mr. T. Hurry Riches, locomotive superintendent of the 
Taff Vale Railway. Mr. Riches, who was held in high 
esteem as an engineer, for three successive years filled the 
presidency Of the South Wales Institute of Engineers. He 
was also an ex-president of the Institute of Mechanical 
Engineers, a member of the Iron and Steel Institute, of 
the British Association, of the council of the University 

College of South Wales and Monmouthshire, of the 
council of governors of the Imperial College of Science 
and Technology, of the council of the Institute of Metals, 
and a governor of the National Museum of Wales. He 
served as chairman of the mechanical engineering section 
of the Franco-British Exhibition, and as reporter for Great 
Britain and the colonies to the International Railway Con
gress of 1910 upon railway motor-cars.

Dr. Gilman A. Drew, assistant director of the Woods 
Hole Marine Biological Laboratory, has been appointed 
resident assistant director of the laboratory, and will in 
future devote his whole time to the work at Woods Hole.

It is announced in Science that Prof. A. J. Hitchcock, 
of the United States Department of Agriculture, has left 
for Panama to join the Smithsonian expedition for the 
biological survey of the Panama Canal zone. He will 
also investigate the grasses of the five Central American 
Republics on behalf of the department with which he is 
connected.

According to advices received at Cordova, Alaska, the 
Smithsonian Institution’s glacial expedition has had an 
unlucky accident. As Profs. R. F. Starr and Lawrence 
Madden were crossing the Yukon on their way to Fair
banks, their wagon was upset by the current. The 
explorers themselves got ashore in safety, but all their 
field notes, cameras, and exposed films were lost.

The Electrician, quoting from the French official gazette 
“ L’Officiel,” states that a committee dealing with the 
hygienic aspects of illumination has been appointed by the 
Minister of the Interior in France. The objects of the 
committee include the general effects of illumination on 
health, the framing of simple rules as to the best means 
of applying customary systems of lighting to various indus
trial operations, the nature and causes of short sight and 
impairment of vision, and their connection with defective 
living conditions, the study of methods of measuring 
illumination, &c.

A Brussels correspondent of The Tinies states that a 
special commission was recently appointed to study the 
utilisation of aeroplanes for ensuring rapid communication 
with districts of the Belgian Congo that are still un
provided with railways and roads, and that it has been 
decided to await the results of certain tests to be carried 
out in France. Attempts will be made to traverse a desert 
about 1200 kilometres (750 miles) across, and to establish 
landing stations 400 kilometres apart, fitted with wireless 
telegraphy. The aeroplanes will have to convey three 
passengers and a relatively heavy load of victuals, water, 
tools, &c. It is hoped that this line will be established 
in 1912. A first subsidy of i6,oool. has been voted for the 
establishment of these communications.

According to a Reuter telegram, the acting Russian 
Consul at Kwang-cheng-tse reports the outbreak at 
Changchun, Manchuria, of an unknown disease. The 
sufferers are attacked by headache and violent diarrhoea, 
and lose the power of speech. Death occurs in two or 
three days. The Chinese and Japanese doctors are, it is 
said, doubtful of the nature of the disease.

The Board of Agriculture and Fisheries has decided to 
appoint a departmental committee to inquire into the 
circumstances of the recent outbreaks of foot-and-mouth 
disease, and to consider whether any further measures 
can be adopted to prevent their recurrence. The com
mittee will be appointed and sit in the autumn under the 
chairmanship of Sir Ailwyn Fellowes



The fifty-second course of lectures and demonstrations 
for sanitary inspectors, held under the auspices of the 
Royal Sanitary Institute, will begin on Monday, Sep
tember 18, and close on Friday, December i. The course 
will be divided into two parts. The first part will consist 
of six lectures dealing with elementary physics and 
chemistry in relation to water, soil, air, ventilation, and 
meteorology. The second part will deal with meat and 
food inspection, including the taking of samples of water, 
food, and drugs for analysis. On October 6 a course of 
lectures to assist school teachers and other students enter
ing for examinations in hygiene in its bearing in school 
life, and for women health visitors and school nurses, will 
be held at the Royal Sanitary Institute and Parkes 
Museum. A course of practical training for meat inspec
tors will be begun on October 13.

At the National Congress of Applied Chemistry, which 
is to be held at Turin from September 23 to 28, a general 
discussion will take place on the fiscal and customs practice 
in regard to the industrial use of alcohol, and Prof. Miolati 
will give an experimental demonstration of the use of 
atmospheric nitrogen for industrial purposes.

A Fungus Foray in connection with the Yorkshire 
Naturalists' Union is arranged to take place in Mulgrave 
Woods, Sandsend, near Whitby, from Saturday, Sep
tember 23, to Thursday, September 28. The following 
papers and lecture will be delivered :—on September 23, 
notes on the Uredinaceae, by Mr. R. H. Philip; fungi 
found in sewage-polluted West Riding streams, and in 
other places, by Mr. J. W. H. Johnson; and on Sep
tember 25 Mr. George Massee will lecture on “ Diseases 
of Plants caused by Fungi.”

The annual Fungus Foray of the South-Eastern Union 
of Scientific Societies will be held at Hastings on Satur
day, September 30. The gathering will be preceded, on 
September 29, by the delivery (at the Museum, Hastings) 
of a popular lecture on “ Fungi,” by Mr. E. W. Swanton. 
Those intending to take part in the foray are requested to 
give intimation to this effect, by September 27, to Mr. 
G. Abbott, 2 Rusthall Park, Tunbridge Wells.

Addresses will be delivered as follows at the reopening 
of certain of the London medical schools :—St. George’s 
Hospital, on October 2, by Dr. H. A. Miers, F.R.S., on 
“Lucidity”; Middlesex Hospital, on October 2, by Dr. 
C. Berkeley; University College Hospital, on October 2, 
by Sir William Ramsay, K.C.B., F.R.S. ; London (Royal 
Free Hospital) School of Medicine for Women, on 
October 2, by Sir William Butlin; London Hospital, on 
October 3, the “ Schorstein ” lecture by Dr. J. Mackenzie, 
and on October 4 a further lecture will be delivered on 
the subject of “ Auricular Fibrillation.”

The Meteorological Office in its recent issue of the 
Weekly Weather Report gives a summary of the weather 
for the summer, comprised by the thirteen weeks from 
June 4 to September 2. The mean temperature for the 
period was above the average over the entire kingdom, 
the excess ranging from about 40 in the east of England 
to rather more than a degree in the north of Scotland. 
The extreme temperature exceeded go° in all the English 
districts, and was as high as 98° in the Midlands and 
970 in the east of England. The rainfall was deficient 
over the entire country, except in the north of Scotland, 
where the excess was only 0.05 inch. The largest 
deficiency was 3.16 inches in the south-east of England 
nnd 3.00 inches in the south-west of England. The aggre
gate measurement of rain ranged from 3-34 inches in the 

south-east of England to 10-62 inches in the north of 
Scotland. The number of rainy days was everywhere 
deficient, the greatest deficiency being 19, in the Channel 
Islands. The duration of bright sunshine was everywhere 
largely in excess of the average, the greatest excess being 
225 hours in the south-east of England. The absolute 
duration ranged from 476 hours in the north of Scotland 
to 861 hours in the Channel Islands, and 838 hours in the 
south-east of England. At Greenwich the mean tempera
ture for the summer, June to August inclusive, is 66-1°, 
which is 3'8° above the normal. The mean for the re
spective months was: June, 6o-8°; July, 68-3°; August, 
69-1°, the excess in the last-mentioned month being 6.2°. 
The August mean is fully 20 higher than any previous 
record for the corresponding month. The mean of the 
maxima readings is 81.1°, and there is no previous record 
of the mean exceeding 8o°. There have already been 40 
days this summer (April 2 to September 5) with the shade 
temperature above 8o°, and in the last seventy years 1868 
is the only year with an equal number of hot days, whilst 
1846, 1857, and 1859 are the only other years with more 
than 30 such warm days. The shade temperature of 100° 
at Greenwich on August 9 establishes a record for absolute 
temperature. The aggregate rainfall at Greenwich for the 
three summer months is 3-74 inches, which is 2.80 inches 
less than the average; the driest month was July, with 
0.26 inch. The rainfall this summer is the least since 
1885, and 1869, 1864, and 1849 are the only other years 
since 1841 with so small a summer rainfall. The dura
tion of bright sunshine for the three months is 818 hours, 
which is 175 hours more than usual; the respective 
amounts are: June, 223 hours; July, 335 hours; August, 
260 hours.

• Prof. W. Boyd Dawkins, F.R.S., delivered his presi
dential address to the Cambrian Archaeological Association 
at Abergele on August 29, taking as his subject “ Some 
Points in the Pre-history of Wales.” In the course of his 
remarks, he said that at the time when the Neolithic 
aborigines first found their way so far west in the British 
Islands, the whole land was covered with forest, the lower 
portions of the valleys were filled with morasses, and the 
only tracks were those of the wild animals. The land 
was some 60 feet above its present level, and the coast
line included the area of Anglesea. The Neolithic farmers 
and herdsmen were a small, oval-headed people, well 
formed, and had been clearly proved to be identical with 
the Iberian peoples of history. They were represented to
day by the small, dark element in the Welsh population. 
The next elements in the Welsh population were the taller, 
broad-headed people who lived in Wales in the Bronze age. 
Their civilisation was derived from the Continent, and 
they were identified with the earlier division of the Celtic 
peoples, the Goidels, termed by Rhys the O Celts. In the 
prehistoric Iron age a new civilisation made its appearance. 
That, too, was probably introduced by invading tribes 
from the Continent, and these belonged to the Brythons, 
or P Celts, of Rhys. These represented the third element: 
and no new traceable element was added by the Roman 
occupation.

The Bulletins of the Johns Hopkins Hospital for July 
and August (xxii., Nos. 244 and 246) contain matter of 
much medical interest. In No. 246 Dr. S. A. Knopf 
describes, under the name of “ the starnook,” a device for 
open-air treatment. It consists of a small room or 
chamber, sufficiently large to contain a small bed, built of 
wood or galvanised iron on a balcony, or against a 
window and supported on posts. The walls are louvred. 
and partly consist of shutters which can be opened, and 



the roof also can be raised and entirely opened in fine 
weather. The idea is that it may be used in towns and 
cities where there is no ground attached to the dwelling 
available for the erection of an ordinary “ shelter.”

In The Journal of Hygiene for July (vol. xi., No. 2), 
among many papers of much scientific value, Mr. C. 
Walker describes experiments on the inoculation of 
” materies morbi ” through the human skin by flea-bites. 
The results obtained indicate that there is very little risk 
of this occurring. Even with the plague bacillus and 
animals susceptible to infection with it, such as the rat 
and guinea-pig, the results were negative. The author 
suggests that this may be due to the fact that in his experi
ments the bites were usually single. In view of the 
accepted theory that plague is conveyed by fleas, these 
experiments are of considerable importance.

In The Journal of Anatomy and Physiology for July 
(vol. xlv., part iv.), Mr. E. S. Mawe directs attention to 
a curious method of predicting the sex of infants. It 
seems that there is an ancient Japanese belief that the sex 
can be predicted by the arrangement of the hair on 
the neck of the child born immediately before. It is said 
that when the hairs converge the next child is usually a 
girl, and when they diverge, a boy. Mr. Mawe gives the 
results of an examination of 300 cases, and they certainly 
appear to afford a good deal of support to this belief. He 
suggests that there may be some Mendelian interpretation, 
but it is not easy to see what Mendellsm can have to do 
with it.

Tub August number of The Quarterly Journal of Micro
scopical Science (vol. Ivii., part I.) contains several very 
interesting memoirs, and the illustrations arc of a remark
ably high standard of excellence. Dr. W. E. Agar 
describes the spermatogenesis of Lcpidosiren, and it is 
worthy of note that in order to carry out this work it 
was necessary for him to undertake an expedition to the 
swamps of the Paraguayan Chaco. It is satisfactory to 
observe that he is able to confirm the accounts given by 
workers on other types of the fairing of “ homologous " 
chromosomes in the process of reduction, which is of such 
deep significance from the point of view of the theory of 
heredity. Mr. Geoffrey Smith has a short paper on the 
rapid increase in size of the hen’s comb prior to each period 
of egg-laying, in which he shows that the method by 
which poultry keepers are in the habit of predicting when 
a hen is about to lay is really based upon a sound founda
tion. The temporary increase in size of the comb is shown 
to be due to infiltration of fat into its connective tissue 
core. Protozoology is well represented by an elaborate 
memoir on the emeal parasites of fowls, by Mr. C. H. 
Martin and Miss Muriel Robertson, and comparative 
anatomy by a paper on the fresh-water medusa, Limnocnida 
tanganicae, by Mr. C. L. Boulcnger.

A Parliamentary return of the number of experiments 
performed on living animals during the year 1910 has 
recently been issued. The total number of experiments 
returned during 1910 for England and Scotland reaches 
the large total of 95,731. (if these, however, 90,792 are 
of the nature of inoculations, hypodermic injections, and 
other simple procedures; even the prick of a needle, or 
feeding with an entirely harmless material, if for the 
acquisition of new knowledge, is classed as an “ experi
ment ” under the Act. The inspectors report that they 
have everywhere found the animals suitably lodged and 
well cared for, and the licensees attentive to the require
ments of the Act, as well as 'to the conditions appended to 

their licences. Only two slight irregularities have occurred 
during the year.

“ Reptiles of All Lands ” is the title of a fully illus
trated popular article communicated by Mr. K. L. Ditmars 
to The National Geographic Magazine for August. After 
mentioning that reptiles are now a degenerate group,
although probably more numerous in species than formerly,
the author gives a sketch of the three principal ordinal
groups living at the present day. The gharial of the
Ganges is regarded as the largest existing member of the 
whole class, Mr. Ditmars refusing apparently to recognise 
the enormous dimensions which have recently been attri
buted to the South American anaconda. According to his 
view, the largest known serpent is the Malay python, which 
attains a length of about 30 feet, or the same as that of 
the gharial. Mr. Ditmars, in the legend to the illustration 
on page 625, repeats the misstatement, to which we have 
previously directed attention, that the South American 
bushmaster is the only vipcrine snake which lays eggs.

According to the local Press, a flying fish (Exocoetus 
volitans) was recently taken in a mackerel-net off the 
village of Wyke Regis, close to Weymouth. Its total 
length was iij inches. This appears to be the first 
definitely authenticated specimen taken on the British coast. 
A trigger-fish (Halistes caprinus) was also caught about the 
same time near Weymouth, this being the third Dorset 
example, the two others having been taken near the same 
place respectively in 1873 and 1905.

The following method for the destruction of rats, adopted 
by M. de Kruyff, of the Agricultural Bureau of the Dutch 
Indies at Buitenzorg, Java, is given in a recent American 
consular report. All visible rat holes were first stopped 
with earth to ascertain which holes were inhabited. Half 
a teaspoonful of carbon bisulphide was poured in each of 
the holes found to be inhabited, and after a delay of a 
few seconds to allow the liquid to evaporate, the mixture 
of vapour and air was ignited. The result was a small 
explosion, which filled the hole with poisonous gases and 
killed all the rats almost instantly. A pound of bisulphide 
is sufficient for more than 200 rat holes; 131 dead rats 
were found in forty-three holes which were opened after 
the operation. It is further stated that satisfactory results 
in exterminating porcupines have been obtained by this 
method.

A circular respecting the work of the Aberdeen Uni
versity Bird-migration Inquiry has been issued by Prof. 
J. Arthur Thomson and Mr. A. L. Thomson. The object 
of the movement is the collection of more definite in
formation on migration by the method of placing 
aluminium rings on the feet of a large number of birds, in 
the hope of hearing of the subsequent movements of some 
proportion of the birds. The rings are inscribed with the 
address 11 Aberdeen University,” and a number (or 
number and letter combination) different in each case. 
The rings are placed on young birds found in the nest, or 
on any old ones that can be captured without injury. 
The following extracts are taken from the circular above- 
mentioned :—“ (1) It is particularly requested that all who 
may shoot, capture, or kill, or even hear of any of our 
marked birds, should let us know of the occurrence. As 
accurate particulars of date and locality as possible are 
desired, but, above all, the number (or number and letters) 
on the ring. Indeed, except where it has been possible 
to re-liberate the bird uninjured, the ring itself should 
always be sent, or the ring and foot, or even the whole 
bird. We always refund postage if asked to do so.” 
“ (2) We invite the cooperation in the actual work of 



marking of any who are specially interested, and have 
some knowledge of birds, and also time and opportunity 
for the work. The necessary rings, schedules, postage 
stamps, &c., are supplied by us without charge, and we 
undertake to let the marker know of each case of a bird 
marked by him being recovered, and to let him have copies 
of printed reports as far as possible.”

A very complete account is given by Or. 11. Wallner in 
the Mitteilungen der k.lc. Geographischen Gesellschaft 
(No. 7, Band 54) of the Alm region of Lungau, in the 
eastern Alps. Where these Alpine pastures are suitably 
developed there is an annual migration of flocks and their 
herdsmen from the valley to the high slopes in the early 
summer, and a return downwards in the autumn, thus 
constituting a class of semi-nomadic communities as 
described by Ratzel. The general position of these 
pastures, their climatic and physiographic conditions, are 
carefully worked out, and on this basis the distribution of 
the scattered settlements, the ways and means of com
munication, the periodical movement of both men and 
animals, have been thoroughly investigated, not merely by
way of description, but by that strictly quantitative method 
which is so essential for the scientific development of 
human geography.

Dr. E. Rubel has compiled a very comprehensive 
ecological account of the highly interesting Bernina Valley 
and adjacent country, that is published in Engler’s 
Hotanische JahrbOcher (vol. xlvii., parts i. and ii.). Seven 
chapters deal with topography, climate, geology—contributed 
by Dr. E. Blosch—plant societies, vertical distribution, 
geography, and a comparison of the floras on the north 
and south slopes. No fewer than seventy-five plant associa
tions are described under twenty-three formations, and 
these are grouped under the classes of woods, bushes, 
shrubs, grasses and swamps, water and rock formations. 
The most important trees are Pinus Cembra and Larix 
decidua, that grow either separately or mixed, as in the 
beautiful woods towards the lower end of the Roseg 
Valley. The shrubby’ and grass associations are perhaps 
the most interesting. The highest vertical range is that of 
the Carex curvula association, which ascends somewhat 
higher than 10,000 feet. A list of 100 species that grow 
above the snow limit is given ; to Silene exscapa and 
Ranunculus glacialis is assigned the maximum limit of 
3500 metres. The illustrations are numerous and excel
lent, while an interesting item is provided in the record 
of light measurements.

A collection of papers dealing with the fauna and flora 
of Boulder County, Colorado, is published in the University 
of Colorado Studies (vol. viii., No. 4). Prof. T. D. A. 
Cockerell contributes a catalogue of protozoa, including 
mycetozoa and arthropoda ; as the author notes, it is re
markable that a preliminary list of mycetozoa from this 
semi-arid region should contain more than fifty species; 
Badhamia, Physarum, Stemonitis, and Comatricha are 
well represented. A description of the lodge-pole pine 
forests of Boulder Park is provided by Miss K. Bruderlin. 
The lodge-pole pine, Pinus Murrayana, produces the 
climax formation at an elevation varying between 9000 and 
10,000 feet; aspen, Engelman spruce, and subalpine fir 
form local associations. Species of Vaccinium, roses, and 
Arctostaphylos uva-ursi are the prevailing shrubs.

The annual report of the county surveyor of Kent, Mr. 
Maybury, shows the effect of the wear and tear of the 
roads of this county due to motor traffic, and the conse
quent increase of the cost of their maintenance. More than 
800,000 gallons of tar were used last year on 371 miles 

of road in Kent in painting the surface to prevent its 
disintegration. The report states that although this process 
has proved of very great service, and that the dust nuisance 
is now a thing of the past, yet on the most important 
roads where the commercial motor traffic is greatest, some 
more efficient means of preservation will have to be used 
than tar painting, and it may become necessary to cover 
the surface with granite macadam grouted with tar 
or pitch. As mentioned in a previous note, experiments 
are about to be conducted by the Road Board to ascertain 
the most effective method.

Works are now being carried out for the purpose of 
improving the harbour at Lagos, in South Africa. Owing 
to the dangerous and uncertain condition of the bar at the 
entrance to the harbour, it is impossible for ocean steamers 
to enter, and the whole of the traffic has to be transported 
to the steamers by means of surf boats, at a cost varying 
from five to thirteen shillings a ton. As the traffic is 
rapidly increasing, having risen from 154,000 tons in 1900 
to more than 300,000 tons, this additional cost, besides the 
increased risk, is becoming a matter of very serious 
importance. In order to obtain safe access to the harbour, 
a mole is being constructed 10,000 feet long, which will 
project about 7000 feet beyond the present line of fore
shore. This mole has a top width of 20 feet, with base of 
about 100 feet, and rises 0 feet 9 inches above low water, 
and is composed of granite rubble blocks. When this mole 
is completed further works are to be carried out on the 
other side of the entrance.

The deterioration of stored coal and its liability to 
spontaneous combustion are questions of great practical 
importance, and have been the subject of numerous in
vestigations in different countries. The University of 
Illinois Bulletin No. 4(1, which deals with the spontaneous 
combustion of coal, with special reference to bituminous 
coals of the Illinois type, by S. W. Parr and F. W. 
Kressmann, gives an account of an exhaustive set of 
experiments. It is shown that coal is continuously 
oxidised, a number of more or less distinct oxidation 
processes being involved. There is a certain critical tem
perature above which the oxidation is ultimately destruc
tive. The effects of external sources of heat, state of 
division of the coal, presence of moisture and of iron 
pyrites are detailed, and a set of principles summarised, 
which must be observed in any attempt at the prevention 
of spontaneous combustion. The most important points are 
the avoidance of any external source of heat which may in 
any way contribute toward increasing the temperature of 
the coal, the elimination of coal dust or finely divided 
material, and dryness in storage. Storage under water 
would prevent both deterioration and spontaneous com
bustion, but its industrial practicability is still an open 
question, and can only be determined bj’ actual experience. 
In a valuable appendix a historical review of the whole 
subject is given, together with a summary of the opinions 
of various workers on the same subject.

At the July meeting of the International Photometric 
Commission, held at Zurich, an important paper was 
communicated by Messrs. W. J. A. Butterfield, J. S. 
Haldane, and A. P. Trotter on the corrections for the 
effects of atmospheric conditions on photometric flame 
standards. It is known that the light given by the standard 
flame (Harcourt pentane lamp or Hefner amylacetate lamp) 
depends upon the atmospheric pressure, the humidity, and 
the amount of carbon dioxide present. In these experi
ments a special steel compression chamber was fitted up 
in such a manner that one of these variables could be 
altered, the other two being kept constant, the correspond



ing changes in the illuminating power of the flame being 
balanced against an electric lamp worked under constant 
conditions. The results are summarised in two formulas, 
for the Harcourt and Hefner lamps respectively, showing 
the actual light of the lamp, expressed in terms of the 
light under normal conditions, the pressure, and the 
existing percentages of carbon dioxide and aqueous 
vapour in the air. A few experiments were also carried 
out on the effect of variations in the atmospheric con
ditions on the light of gas and candle flames. It was 
found that the changes were in the same direction, and 
approximately of the same order, as those of the Harcourt 
standard, and the conclusion is drawn that small variations 
in the atmospheric conditions of a gas testing room will 
not appreciably affect the results of photometric com
parisons in which the Harcourt or Hefner lamp is used as 
the standard of light, and that these standards will give as 
accurate results as are anyhow practically obtainable in 
determinations of the illuminating power of gas, if they 
are used in all ordinary circumstances without correction 
for any divergence from normal atmospheric conditions.

With reference to a statement to be found in our issue 
of May 25 (p. 412) in a review of “ Salvarsan or 606 
(Dioxy-Diamino-Arsenobenzol) : its Chemistry, Pharmacy, 
and Therapeutics,” by Dr. W. H. Martindale and W. W. 
Westcott, in which trypan red is named as a remedy for 
bovine piroplasmosis (Texas fever), a correspondent resi
dent in Australia has written to ask where the drug can 
be obtained, its price, and any literature concerning it. 
In reply, we would point out that the reference to “ trypan 
red ” was made in error (see correction on p. 526 of 
Nature for June 15) ; the drug for the treatment of piro
plasmosis is “ trypan blue,” particulars as to the cost of 
which can probably be obtained from such a firm as 
E. Merck, 16 Jewry Street, London, E.C. The remedy 
is discussed by Nuttall and Had wen in Parasitology for 
1909. We are informed that large doses of quinine have 
also been found to exert a curative action on bovine piro
plasmosis in Malaya and Guatemala.

OUR ASTRONOMICAL COLUMN.
The Spectrum of Kiess’s Comet.—With spectrographs 

attached to the equatorial of the Juvisy Observatory, MM. 
de la Baume Pluvinel and Baldet secured photographs of 
the spectrum of comet 1911b, which they discuss in a paper 
published in No. 8 of the Comptes rendus (August 21). 
On their best photograph, the two bright bands at A 4735 
and A 3882 are accompanied by many fainter bands, which 
present one or two noteworthy features. Three feeble con
densations at AA 3914, 4005, and 4026 are apparently only 
in the tail; they probably correspond with the A 3914 of 
the kathode spectrum of nitrogen and with the doublet 
(A 4003 and A 4023) given by Fowler. While agreeing 
with the majority of cometary spectra, that of comet 19110 
is different in many respects from those of several recent 
comets. For instance, the great comet 1910a showed a 
most intense continuous spectrum, of which there is very 
little in the radiations from the Kiess comet. Again, in 
Morehouse’s comet the doublets traced by Fowler were 
common to the nucleus and the tail; here they are peculiar 
to the tail. To explain this, the authors suggest that in 
the former case the decomposition of the cyanogen was 
very active, and so one got the products of the decomposi
tion surrounding the nucleus; but in the case of comet 
1911b the activity was not so great, and the cyanogen 
was not sufficiently decomposed until it had been repelled 
from the nucleus into the tail.

The Zodiacal Light.—In No. 4520 of the Astronomische 
Nachrichten Herr Josef Sedldfek describes the Zodiacal 
Light as observed at the Neuschloss in Steiermark Observa
tory during January and February. At yh. 15m. (M.E.T.) 
on January 18 the light was about twice as bright as the 

brightest part of the Milky Way, and the cone reached up 
some 49-5° from the horizon ; its colour was reddish. On 
other nights it was noted that the brightness of the light 
fluctuated considerably with intervals of i-o to 1-5 minutes.

Meteorite Finds.—Publication 145 of the Field Museum 
of Natural History is devoted to a description, by Mr. 
O. C. Farrington, of some recent additions of meteorites 
to the museum of which he is curator.

The Leighton meteorite is a stone weighing about 30 oz. 
and having a length of 4 inches; it has a very marked 
brecciated appearance, and contains small grains of nickel
iron. This stone fell on January 12, 1907, at a place eight 
miles south of Leighton, Colbert County, Alabama.

The Quinn Canyon meteorite, found in August, 1908, in 
Nevada, is a much larger specimen, and is one of the 
large iron meteorites of the world. The longest diameter 
of its oval face is 47 inches, with a diameter at right 
angles to this of 35 inches, and a circumference of 132 
inches; its weight is 3275 lb. In addition to numerous 
knobs, pittings, furrows, and cylindrical holes all over the 
iron, the bottom of the meteorite shows two patches of 
crust of black magnetic iron oxide. These patches are 
each about 1 inch square, and the oxide adheres so firmly 
that it can only be detached by the use of a cold chisel 
and hammer. An analysis shows that the meteorite con
tains about 91-6 per cent, of iron and about 7 3 per cent, 
of nickel, and very fine etching figures have been pro
duced. It is supposed to have fallen in a recorded fall 
which occurred on February 1, 1894.

Mr. Farrington also gives an interesting list of recorded 
falls since the year 1800, and accepts 331 as properly 
authenticated. He also analyses the records in months, 
and finds that May and June show the greatest numbers 
of falls ; November falls below, and August slightly exceeds, 
the average number. He also gives a complete list of the 
known falls that have taken place in the United States, 
with brief particulars of each.

The Leeds Astronomical Society.—No. 18 of the 
Journal and Transactions of the Leeds Astronomical Society 
contains the report for the year 1910, and also some of the 
papers read during the session. Of these, several deal with 
comets; and there is an interesting paper by Mr. Whitmell 
dealing with lunar eclipses, in which historical eclipses and 
various features producing and attending eclipses are 
lucidly described.

An Open-air Telescope.—A project for a large, long- 
focus telescope is described by Prof. Todd in No. 187, vol. 
xxxii., of The American Journal of Science. In order to 
obtain great size at relatively low cost, Prof. Todd pro
poses to do away with the costly dome and use the tele
scope in the open air. At present he describes an altazi
muth mounting in which the azimuth motion would be 
secured by a revolving vertical shaft working on rollers. 
To secure the easy working of this he proposes to take up 
most of" the weight by flotation with an arrangement 
whereby the telescope could be clamped in a “ safe ” posi
tion, when not in use, by pumping out part of the sup
porting liquid. The tube would be built on the cantilever 
principle, of angle steel, and would be supported in the 
middle. He estimates that a 60-inch objective would cost 
about 125,000 dollars, and such a mounting as is proposed 
would probably cost a like amount. Instead of observing 
chair, rising floor, &c., he proposes to carry the observer 
in a light carriage attached to the revolving tailpiece of 
the telescope, and he discusses the practicability of erect
ing such an instrument at some such altitude as that of 
Fuji-yama in Japan (12,400 feet).

Luminous Meteor Trains.—Some further work on the 
origin of luminous and persistent meteor trains is described 
by Dr. Trowbridge in The Popular Science Monthly for 
August. Dr. Trowbridge has been able to reproduce the 
phenomena by causing gases at very low pressure to phos
phoresce, and he suggests that in the upper air,, generally 
at about fifty or sixty miles* altitude, the conditions are 
favourable for this action, the phosphorescence being pro
duced by ionisation caused by weak electric currents or 
intense temperature generated by the meteor’s flight.

The Oxford University Observatory.—Further 
evidence as to the energy and versatility characteristic of 
the Oxford University Observatory is forthcoming in the



pile of abstracts and papers just received from them. 
These form part of the volumes issued under the title of 
“ Miscellaneous Papers of the University Observatory, 
Oxford,” and include important papers on the measure
ment of star photographs, eclipse work, variable star dis
cussions, and mathematical astronomy.

In his report of the work during the year ended April 30, 
Prof. Turner states that the work of replacing defective 
plates in zone 25° (the last Oxford zone) was completed, 
and the volume of measures ready for immediate publica
tion. The question of making differential measures by 
photographic means of the places of the reference stars has 
long been under consideration, and an apparently satis
factory method is to be given an extensive trial.

METEOROLOGICAL REPORTS AND YEAR
BOOKS.

TA1ENNA Central Meteorological Office (1908).—The 
forty-fifth year-book (new series) of this important 

service appears in the same form as heretofore; it includes 
daily observations and monthly and yearly results in the 
international form for a number of stations, hourly observa
tions for Vienna, and temperature and rainfall observations 
at other stations. Purely rainfall statistics are published 
by the Hydrographic Office, and observations in Hungary 
and elsewhere are also separately published. Observations 
of the upper air are actively carried on by manned and 
registering balloons. Weather forecasts were sent free to 
all post and telegraphic offices between April and November, 
in addition to the daily publications of the usual weather 
report (with chart). A separate appendix issued with this 
volume contains the results of thunderstorm observations in 
Lower Austria in 1902-5, by Dr. A. Defant. These include 
two maps showing the districts of the first appearance and 
final disappearance of the storms. The greater elevations 
of ground are seen to offer favourable conditions for the 
formation of the storms, and to promote their development 
in a remarkable manner. Very few storms originate in the 
more level districts; these check their development, and 
become the places of dissolution of the storms which 
approach .from other parts.

Meteorological Office (1910).—Summaries of the results 
have been published of the geophysical and meteorological 
observations in continuation of the reports of the observa
tory department of the National Physical Laboratory, in 
accordance with arrangements made between H.M. 
Treasury and other authorities. The tables in this volume 
are given in the usual form, and include observations for 
Eskdalemuir, magnetic results for Falmouth and Valencia, 
and the customary table of recent magnetic values for 
observatories in all parts of the world. In the year 19it 
Eskdalemuir will replace Kew with regard to magnetic 
observations. The following data for Kew are extracted 
from interesting notes drawn up by Dr. C. Chree :—mean 
westerly declination, 16° 3-2'; inclination, 66° 58 7'; hori
zontal force, 0.18503. Solar radiation observations with 
an Angstrom pyrheliometer made between uh. 30m. a.m. 
and I2h. 30m. p.m., expressed in gram-calories per square 
centimetre per minute, ranged from 1-105 >n August to 
0 575 in December; the absolute values were 1-296 in May 
and 0 484 in December The largest seismograph disturb
ances occurred on January 22, amplitude (E.-W. displace- 
ment)>i7 mm. ; June 24, it mm., and December 13, 
7-5 mm. Dr. Shaw states that the considerations of the 
most suitable forms for the future publication of the results 
obtained at the associated observatories, in view of inter
national relationships, is now occupying attention.

Liverpool Observatory (1910).—The report of this valu
able Institution, maintained in great efficiency by the Mersey 
Docks and Harbour Board, appears in the same form as 
in previous years (Nature, October 27, 1910). The annual 
means of the principal meteorological elements were practic
ally normal; absolute maximum temperature, 77-3° in June 
(ti-8° below the highest record); minimum, -5-9° in 
January (7-2 above the lowest record). An interesting 
experiment was made in the autumn, in connection with 
the determination of time, by observing the signals sent 
out by radio-telegraphy from the Eiffel Tower and from 

the German station at Merddeich ; the signals were received 
at Waterloo station with great clearness. The amplitudes 
and other details of the seismological disturbances of 
January 22, June 24, and December 13 agree closely with 
those recorded at Kew; in the first case the amplitude 
exceeded the width of the paper.

Norwegian Meteorological Institute (1910).—These valu
able observations are published in two volumes, as in 
previous years :—(1) the year-book containing daily observa
tions with monthly and yearly summaries according to 
the international scheme, and hourly readings for 
Christiania; (2) daily amounts of rain and snow with 
summaries, and normal percentages for as many years as 
are available. This volume is accompanied by maps show
ing the annual isohyets for each 200 mm. These give a 
clear idea of the great variation according to geographical 
position (see Nature, July 28, 1910) which it is difficult 
otherwise to obtain from the great mass of tables. They 
clearly show the influence of the rain-bringing winds of the 
Atlantic, and of the configuration of the land. One of the 
tables, giving the values at selected stations in 1910 in 
percentages of the normal amounts, shows yearly differ
ences ranging from 59 to 169 per cent, of the normal. We 
have also received a “ summary of air-temperature and 
rainfall for 1909 ” in a very handy form, being an excerpt 
from a periodical publication.

Toronto Observatory (1909).—The results of this valu
able series of meteorological observations are given for 
each month and the year, together with the average for 
the past seventy years : mean temperature, January, 1909, 
26-5°; July, 67.8s; year, 45-9° (average, 45-1°); absolute 
maximum, 95-8°, in August (highest on record, 99-2°); 
minimum, -8-7°, on February 1 (lowest on record, 
-26-5°). Depth of snow, 69-1 inches (mean 660 inches); 
rainfall, 26-01 inches (mean, 26-86 inches). The sunshine 
during the year was 2068 hours, 44 per cent, of the possible 
amount. Mean westerly declination was 6° 59-4'; inclina
tion, 740 37-5'; horizontal force, 0162988 dyne.

Bremen Observatory (1910).—The observations are pub
lished in the same form as in previous years (Nature, 
October 27, 1910) as one of the valuable series of German 
meteorological year-books; it contains, in addition, results 
for the lustrum 1906-10, and for the thirty-five years 1876- 
1910, with hourly means for twenty years. The following 
data are for the 35-year period :—mean temperature : 
year, 47-7°; January, 32-9°; July, 62.6°; mean of absolute 
maxima for July, 82-9°; of minima for January, 11-3°. 
Rainfall : annual amount, 27-23 inches; maximum in 
twenty-four hours, 3-39 inches. Results of observations 
with pilot balloons are exchanged daily by telegraph with 
the aeronautical observatory at Lindenberg.

THE AMERICAN INDIAN LANGUAGES.
"THE admirable volume referred to below1 forms the first 

1 portion of a systematic account of the American 
Indian languages. It has been in preparation for many 
years, and has grown out of an attempt to prepare a 
revised edition of Major J. W. Powell’s “ Introduction to 
the Study of Indian Languages.” The filling of the 
schedules contained in the “ introduction ” caused an 
accumulation of much linguistic material without throwing 
much light upon the morphology, the phonetics, or the 
psychological basis of the languages. In this new work 
special emphasis is placed upon the importance of an 
analytical study of the languages. The work has been 
rendered possible by the cooperation of numerous investi
gators under the auspices of various institutions, particu
larly the American Museum of Natural History and the 
University of California.

The subject is introduced by Dr. Franz Boas in a very 
able exposition of the principles of linguistics as applied to 
ethnological problems. Though written with especial refer
ence to the problems of American ethnology, this will be 
found of much value to the general student. In dealing 
with the three factors of physical type, language, and

1 “ Handbook of American Indian Languages." By F. Bona. Part i. 
Pp vii+1060. (Wnshing'on : Government Pr nting Omce, tyn.)

(Smithsoni tn Institution. Bureau ol American Ethnology, Bulletin No. 40.) 



culture, now so often found non-correlative, Dr. Boas does 
not consider that we are justified in assuming that in 
primitive communities these three phenomena were neces
sarily more closely associated than they are now. He 
recognises that mankind cannot be classified by any one of 
these factors alone.

In a section on the characteristics of language, Dr. Boas 
has an important chapter on phonetics generally, and dis
cusses the way in which languages differ in expressing 
groups of ideas by the grouping of phonetic elements. He 
takes the sentence as the natural unit for the expression 
of an idea, and discusses the sentence and its components 
—words or particles, stems or affixes—especially with 
regard to the American languages. In these, owing to the 
close association of the phonetic elements in a sentence, it 
is not easy clearly to define the terms “ word ” and 
" sentence.”

In dealing with grammar, Dr. Boas illustrates by means 
of American languages the nominal categories of gender, 
plurality, case and tense, and the personal and demon
strative pronouns and verb. This leads to the conclusion 
that in placing a language, phonetics, vocabulary, and 
grammatical concepts must each be considered.

In a section on classification the author deals with com
parison, mutual influence, the origin of similarities by dis
semination or parallel development, and the influence of 
environment and common psychic traits. Then follows a 
very practical section on the importance of linguistics as a 
means, as well as a part, of ethnological studies.

The introduction finally deals with the characteristics of 
American languages. Dr. Boas does not agree that all 
these are polysynthetic or incorporating, but points out their 
common features. He gives a list of fifty-five linguistic 
families which may be distinguished in North America 
north of Mexico.

The larger portion of the volume specially appeals to 
the student of American linguistics. It contains ten 
grammars of typical languages, each dealt with by a 
specialist in the group to which it belongs. Thus Dr. P. E. 
Goddard deals with Athapascan (Hupa), Dr. J. R. Swanton 
with Tlingit and Haida, and in collaboration with the 
editor with the Siouan (Dakota). Dr. Boas himself is 
responsible for the Tsimshian, Kwakiutl, and Chinook 
languages, Dr. R. B. Dixon for the Maidu, Dr. W. 
Thalbitzer for the Eskimo, whilst the Algonquian (Fox) is 
the joint work of Dr. W. Jones and Dr. Truman 
Michelsen. These works form an excellent preliminary to 
the detailed study of the several groups. A general plan 
of presentation is followed in the grammars, modified, 
however, by the characteristic morphology of the language 
discussed. Each and all of them will serve as models for 
future students.

In congratulating the Bureau of American Ethnology and 
the editor and writers of the present volume on such an 
excellent account of the languages, one regrets to find 
that several of the grammars deal with languages which 
are largely spoken in Canada, and that neither the British 
Government nor universities have any place for similar 
detailed studies of the native languages of the Empire. 
When will any of these provide for the student such matter 
for study as is to be found in the systematic issue of the 
instructive and interesting volumes of the American 
Bureau or in the valuable collections of native texts pub
lished by such institutions as the Universities of California 
or Columbia? Sidney H. Rav.

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE.

Mr. G. E. Nicholls, of the zoological department of 
King’s College, London, has been appointed professor of 
biology at Agra College, University of Allahabad.

The chemical laboratories of the Athens University were 
destroyed by fire on August 28. A Times correspondent 
estimates the damage at 8o,oool.

It is announced in The Popular Science Monthly that 
Prof. L. H. Bailey has tendered his resignation of the 
directorship of the New York College of Agriculture to the 
trustees of Cornell University.

An offer by Mr. Andrew Carnegie to erect at a cost of 
15,000!. three suburban branch libraries in Manchester 
has been accepted by the Manchester Library Committee. 
The offer is to be considered at the next meeting of the 
City Council.

At the forthcoming celebration of the quincentenary of 
the foundation of St. Andrews University, the honorary 
degree of LL.D, will be conferred upon the following men 
of science :—Sir T. Clifford Allbutt, K.C.B., F.R.S. ; Sir 
Thomas Barlow, Bart., K.C.V.O., F.R.S. ; Prof. A. Crum 
Brown, F.R.S. ; Major P. A. MacMahon, F.R.S. ; Prof. 
R. Meldola, F.R.S. ; Prof. W. H. Perkin, F.R.S. ; Prof. 
W. J. Pope, F.R.S.; Lieut.-Colonel D. Prain, C.I.E., 
F.R.S.; Prof. R. Saundby; Prof. Sir J. J. Thomson, 
F.R.S.

The London Inter-Collegiate Scholarships Board 
announce that combined examinations in anatomy and 
physiology, and in arts and preliminary scientific subjects, 
will be held on Tuesday, September 19, for Medical 
Entrance Scholarships and Exhibitions of an aggregate 
total value of more than 1700I., tenable at University 
College, King’s College, and in the Medical Schools of 
Westminster Hospital, St. George’s Hospital, London 
School of Medicine for Women, University College 
Hospital, and King’s College Hospital. Particulars and 
entry forms may be obtained from the deans of the re
spective medical schools, or from the secretary of the 
Board, Mr. A. E. G. Attoe, University College, Gower 
Street.

A circular letter (No. 24) prescribing new regulations 
for the Royal Navy Medical Service has been issued by 
the Admiralty. The changes in the organisation and con
ditions of service take effect, where not already in opera
tion, as from July 1, 1911, except when otherwise stated 
in the letter. It being considered essential for the scien
tific development of the Naval Medical Service that it 
shall possess a School of Medical Instruction and Research 
situated in the vicinity of London, where it will be in 
touch with the principal civil medical schools and with 
the Army Medical School at Millbank, it has been decided 
to establish a Naval Medical School at the Royal Naval 
College, Greenwich, in close proximity to the “ Dread
nought ” Seamen's Hospital and the London School of 
Tropical Medicine, and in a position, therefore, to carry 
out its educational and scientific work in close connection 
with those establishments. There are already in existence 
at Greenwich excellent chemical and physical laboratories, 
and the additional laboratories required for medical re
search will be provided in the college buildings and
furnished with the necessary equipment and scientific
apparatus. There will be specially appointed to the 
Naval Medical School as the nucleus of the instruc
tional staff a professor of bacteriology and clinical
pathology, and a professor of hygiene. When the struc
tural alterations in that part of' the building which has 

। been selected for the purpose have been completed and the 
school is ready for use, a proportion of the instructional 
work now carried out at Haslar will be transferred to 
Greenwich, and such of the instructional staff and equip
ment as may be considered advisable will be removed to 
that establishment. It is not proposed, however, that the 
laboratory at Haslar shall be dismantled. A certain 
amount of instructional work must still be carried out at 
that establishment, and at least one medical officer will 
be retained there for the instruction of acting surgeons. 
When the Medical School at Greenwich is opened, the 
first two months of the course for naval surgeons will be 
passed at that establishment, this period being devoted to 
the study of tropical medicine, bacteriology and clinical 
pathology, hygiene, and skiagraphy. The remaining four 
months will be passed at Haslar, as at present.

The technical colleges throughout the country are now 
issuing new prospectuses giving details of the courses of 
work which have been arranged for the forthcoming 
session. The prospectus of the Municipal Technical Insti
tute, Belfast, for example, is a volume of 350 pages, pro
vided with excellent illustrations of the laboratories, work



shops, and so on, and serves excellently to show how 
successfully the Belfast authorities are carrying out the 
chief object of the institute, which is to provide instruc
tion in the principles of those arts and sciences which 
bear directly or indirectly upon the trades and industries 
of Belfast, and to show by experiment how these principles 
may be applied to their advancement. A day technical 
course has been established to supply instruction in the 
science and technology of mechanical engineering, electrical 
engineering, the textile industries, and pure and applied 
chemistry, and is designed to give a sound training to 
youths who aim at filling positions of responsibility in the 
city’s industries. Among other interesting particulars 
given in the prospectus of the Technical College, Sunder
land, are those referring to the diploma of associate of 
the college. Students may obtain this diploma in the 
subjects of engineering, electrical engineering, naval archi
tecture, and chemistry by passing through certain pre
scribed courses of study. A candidate’s claim for a 
diploma is judged by regularity of attendance, by his 
successes in the annual class examinations, home-work 
marks, and evidence of reasonable skill in practical work. 
An external examiner is appointed to act as assessor in 
the associateship examinations, which are conducted by 
the respective heads of departments. It is satisfactory to 
note that at this college the County Borough of Sunder
land grants every year a number of scholarships to appren
tices of engineering and shipbuilding firms in Sunderland 
and the neighbourhood. The apprentice-student scholars 
attend classes during the winter six months, and during 
the summer they return to the works at which they are 
apprenticed. The time spent in the college is reckoned 
as part of the apprenticeship; the rate of advance in 
wages is the same as if the apprentices were continuously 
employed in the shops, and during the summer special 
facilities in the works are given to the apprentices for 
traversing all the various stages of work.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, August 28. — M. Armand Gautier 
in the chair.—Arnaud Dcnjoy : The Analysis situs of the 
plane.—Jules Andrado : A new regulator for chronometers. 
Two spiral springs are employed in the place of one. The 
use of Arnold’s terminal curves is avoided, and the sinu
soidal law of the balance spring is maintained.—M. 
BourKooia : Determination of the geographical co
ordinates in the colonies by the use of wireless telegraphy. 
Trial of the method between Paris (Observatory) and 
Brussels. A compact and portable form of apparatus is 
described for the determination of differences of longitude. 
Full details are given of the application of the method to 
the measurement of the difference of longitude between 
Paris and Brussels.—A. G. Wobstor : A new mixed 
problem of the telegraphists’ equation.—M. Tsvott : A new 
colour reagent for callose. The blue solution obtained by 
the spontaneous oxidation by the air of an aqueous solu
tion of resorcinol rendered alkaline by ammonia is pro
posed as a stain for the distinction of callose in micro
scopical specimens. Cellulose remains colourless on treat
ing with this reagent; callose is stained blue, an exposure 
of from thirty to sixty seconds being sufficient. In com
bination with Congo red, the blue solution is suitable for 
double staining.—Pierre Konnol : The function of the 
adipose reserve of the adipo-Iymphoid bodies. In 
Batrachians, the adipose reserve is utilised whenever the 
animal is exposed to bad conditions of nutrition, particu
larly during hibernation. This reserve also serves in the 
development of the sexual elements, especially in the 
elaboration of the dentoplasm of the egg.—Casimir 
Copddo : The cycle of evolution and the systematic affini
ties of the Haplosporidem of Donax.—Em. do Martonnc : 
The chronology of the Pliocene and Quaternary thalwegs 
of Arc and Isire.

Calcutta.
Asiatic S ciety of Bengal, August 2.—Anand Koul : 

Ancient monuments in Kashmir. The paper contains a 
short account of twenty-nine monuments which exist in 

ruins in Kashmir. Some of the monuments are said to 
have been very old.—Maulavi Qfisim Hasir : FirOz Shllh’s 
menagerie. The system of providing metropolitan towns 
with zoological gardens was not unknown to Muslim rulers 
of India. According to a contemporary writer, the earliest 
was founded in the middle of the fourteenth century by 
Sultan FirOz Shdh (a.c. 1351-88), who built a KUshk 
(kiosk) at FirOzdbAd, and acquired animals to be pre
served there.—Dr. Satis Chandra Vidyabhusana : Gaddd- 
hara, prince of Indian schoolmen. Gadadhara was born 
in the village of Laksmichapara, in the district of Bogra 
in eastern Bengal, in the seventeenth century a.d. He 

। came to Navadwipa, where he made a special study of 
logic (Nydya). He was called the prince of Indian school
men, in whom modern logic reached its climax. He was 
such a thorough-going logician that when on his death-bed 
he was asked to meditate on the prime cause of the 
universe, he is said to have exclaimed “ Atoms, atoms, 
atoms 111"
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