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REYNOLDS & BRANSOCN, Ltd.

Manufacturers of Chemical and
Physical Apparatus.

GRAND PRIX AWARD,
TURIN, 1911,

THE “RYSTOS”
ELECTROSCOPE.

This Electroscope, with paraffin
insulator, retains its charge for a
considerable time, and has been
used with the greatest satisfaction
in many secondary schools for the
last ten years. A customer states
that the batch of two dozen,

Registered as a Newspaper at the General Post Office.]

=D obtained two years previously,
p=-" has remained in cfficient con-
E r dition during that time.

(a) Price with attachment for two Wires and top re-
BUY DIRECT FROM movable for cleaning the glasses .. 8/~ each.

‘N (b) Ditto, with two glass tubes for showmg the leak-
F E BECKER &Co HATTON ALL’ age caused by a radio-active gas .. } 5/6 each.

o huto " LONDON E c. (c) Ditto, with two glass tubes and transparent 'scale,
L lecturer’s pattern, for projection of image of | "7/6 each.

gold leaf and scale by means of a lantern ...
14 COMMERCIAL STREET, LEEDS.,

(W.8J.GEORGE, LTD.,SUCC %)

JOHNJ. GRIFFIN& SONS,L°|| Negretti & Zambra’s
Kemble St., KINGSWAY, LONDON, W.C. ; D eep- S ea

Thermometers

Since 1857 N. & Z. have
been making Deep Sea
Thermometers. In 1874 they
patented the original Reversing
or Turnover pattern, the latest
type of which 1s illustrated.
Prompt delivery given.

Price List of Deep Sea Thermometers—
free.

38 Holborn Viaduct, London, E.C.
City Branch: 45 Cornhill, EC
West End: 122 Regent Street, W.

oYS's
IG

AL%gS?
UB
LOWER

For blowing bubbles up to 2 feet in diameter.
Complete, with descriptive circular and bottle of solution,

5/- (Postage 9d.)

Boys's Patent RAINBOW CUP.

Scientific Model, with solution ... 25/~ (Postage 1/-)
Small Toy Model S 2/9 (Postage 4d.)

SOAP SOLUTION, per bottle 8d. (Postage 3d.)




X NATURE

[SEPTEMBER 9, 1915

THE SIR JOHN CASS TECHNICAL
INSTITUTE,

JEWRY STREET, ALDGATE, E.C.
Principal —CHARLEsS A. KEANE, D.Sc., Ph.D., F.I.C.

CHEMISTRY—
CHARLES A. KeaNEg, D.Sc., Ph.D., F.I.C.
H. J. S. Sa~p, D.Sc., Ph.D.
G. F. MoRrreLL, B.Sc., Ph.D., F.1.C.
PHYSICS—

R. S. WiLLows, M.A., D.Sc.
F. J. HArLOwW, B.Sc., A.R.C.S.
F. W, Hir., B.Sc.

MATHEMATICS—

E. C. Snow, M.A., D.Sc.
H. G. Dixon, M.A.

EVENING CLASSES IN CHEMISTRY, PHYSICS and
MATHEMATICS designed to meet the requirements of those
engaged in Chemical and Electrical Industries and in trades
associated therewith.

The Institute contains well-equipped laboratories in which
every facility is provided for

Advanced Practical Work and Research
both in the afternoon and evening.

A full curriculum for the B.Sc. examination of London
University in Physics, Chemistry and Mathematics is provided
under recognised teachers of the University.

New Session begins Monday, September 27.

For details of the courses apply at the Office of the Institute
or by letter to the PRINCIPAL.

THE SIR JOHN CASS TECHNICAL
INSTITUTE,

JEWRY STREET, ALDGATE, E.C.

EVENING CLASSES IN METALLURGY.

........ C. O. BANNISTER, A.R.S.M.,
M.I.M.M., F.I.C.

...... G. PatcHIN, A.R.S.M.

Head of Department

Lecturer on Metallurgy
Lecturer on Mining and

Mine Surveying............... A. A. DoraN, M.I.M.M.
Lecturer on Metal Testing ...E. M. BoOTE.

Elementary, Intermediate and Advanced Metallurgy forming
a graded four years’ curriculum. Special Courses on Assaying,
Metallography including Pyrometry, the Metallurgy of Gold
and Silver, the Metallurgy of Iron and Steel, Heat Treatment

of Metals and Alloys, Mechanical Testing of Metals and Alloys, '

Principles of Mining, Mine Surveying and Mineralogy.

The courses are suited to the requirements of those engaged
in Metallurgical Industries, Assay Laboratories, and to those
intending to take up Metallurgical work in the Colonies.

The laboratories are open for
Advaneed Practical Work and Research
both in the afternoon and evening.
New Session begins Monday, September 27.

For details of the classes apply at the Office of the Institute
or by letter to the PRINCIPAL.

NEW SESSION BEGINS MONDAY, SEPTEMBER 27

BIRKBECK COLLEGE,

BREAMS BUILDINGS, CHANCERY LANE, E.C.
COURSES OF STUDY (Day and Evening) for Degrees of the
UNIVERSITY OF LONDON in the

FACULTIES OF SCIENCE & ARTS
(PASS AND HONOURS)
under RECOGNISED TEACHERS of the University.
SCIENCE.—Chemistry, Physies, Mathematies (Pure and
Applied), Botany, Zoology, Geology.

ARTS.—Latin, Greek, English, French, German, Italian.
History, Geography, Logic, Economies, Mathematies (Pure
and Applied).

Evening Courses for the Degrees in Economics and Laws.
POST-GRADUATE AND RESEARCH WORK.

Day : Science, £17 10s.; Arts, £10 10s.
SESSIONAL FEES{Ezvznmg Science, Arts, or Economlcs, £5 5s.
Com):tztwn for 16 Intermediate Universily Free Studentships
comnences on September 11.

SOUTH-WESTERN POLYTECHNIC
INSTITUTE, CHELSEA.

Special Vacation Course Now Open for those desirous
of entering Munition Work.

The Day and Evening Coliege for Men and Women will open for the
Michaelmas Term on Monday, September 27, 1915.

Particulars of Courses, and of the Studentships offered by the Governing
Body, may be obtained on application.

SIDNEY SKINNER, M.A., Principal.

Telephone : Western 89g.

ENGINEERING AND TECHNICAL OPTICS.

NORTHAMPTON POLYTECHNIC INSTITUTE,
ST. JOHN STREET, LONDON, E.C.

ENGINEERING DAY COLLEGE.

Full Day Courses in the Theory and Practice of Civil, Mechanical and
Electrical Engineering, will commence on Monday, October 4, 1915. The
Courses in Civil and Mechanical Engineering include specialisation in
Automobile and Aéronautical Engineering, and those in Electrical Engin-
eering include specialisation in Radio-Telegraphy.

Entrance Examination on Tuesday and Wednetday, September 28 and
29, 1915. These courses include periods spent in commercial workshops and
extend over four years. They also prepare for the Degree of B.Sc. in
Engineering at the University of London.  Fees £15 or £11 per annum.

Three Entrance Scholarships of the value of £52 each will be offered
for competition at the Entrance Examination in September, rgts.

TECHNICAL OPTICS.

Full and Part Time Courses in all branches of this important department
of Applied Science will be given in specially equipped laboratories and
lecture rooms. An Aitchison Scholarship (value £30) will be offered in
this department at the Entrance Examination.

Full particulars as to fees, dates, &c., and all information respecting the
work of the Institute, can be obtained at the Institute or on application to

R. MULLINEUX WALMSLEY, D.Sc., Principal.

EDINBURGH & EAST OF SCOTLAND
COLLEGE OF AGRICULTURE.

SESSION 1g15-16.
The WINTER SESSION begins on OCTOBER 12.
The DAY CLASSES, in conjunction with certain University Classes,

%rovide full courses of instruction in Agriculture, Horticulture, and
orestry.

Full particulars of Courses and Classes, and also of Bursaries tenable at
the College, are given in the Calendar, copies of which may be obtained on
application.

ALEXANDER M'CALLUM, M.A., LL.B,,

Director and Secretary.
13 George Square, Edinburgh.

THE UNIVERSITY OF SHEFFIELD.

COURSES are held and DEGREES are awarded in the following
Faculties :—ARTS (including Architecture)) PURE SCIENCE, MEDI-
Clé‘lﬁ! I.‘A;V, APPLIED SCIENCE (including Engineering, Metallurgy,
an ining).

The Session 1915-16 « October 6, 1915.
Entrance and Post-Graduate Scholarships are awarded each year.
Prospectuses, giving full information, may be obtained from

W-. M. GIBBONS, Registrar.
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University in any of the above subjects.
session, 1915-16, begins on Friday, October 1.

T eeds University.

DEPARTMENTS OF CHEMISTRY AND APPLIED CHEMISTRY.

CHEMISTRY —Professor ARTHUR SMITHELLS, B.Sc., F.R.S.
ORGANIC CHEMISTRY—Professor. JULIUS B. COHEN, B.Sc., Ph.D., F.R.S.
PHYSICAL CHEMISTRY—I ecturer : HARRY M. DAWSON, Ph.D., D.Sec.
TINCTORIAL CHEMISTRY AND DYEING—Professor ARTHUR G. GREEN, M.Sc., F.R.S,
. I ecturer : ARTHUR G. PERKIN, F.R.S.
LEATHER INDUSTRIES—Emeritus Professor H. R. PROCTER, D.Sc.
COAL GAS AND FUEL INDUSTRIES WITH METALLURGY—
Professcor JOHN W. COBB, B.Sc., F.I.C.
AGRICULTURAL CHEMISTRY—Professor CHARLES CROWTHER, M.A., Ph.D.
The courses of study are arranged to meet the requirements of students preparing for the Degrees and Diplomas of the
They also qualify for the examinations of the Institute of Chemistry.

Further particulars may be had on application to the Secretary.

The next

UNIVERSITY OF LONDON.
KING’'S COLLEGE, AND
KING'S COLLEGE FOR WOMEN.

FACULTY OF SCIENCE.

In this Faculty a Course of Study in Science is provided suitable for
general education or for the Examinations of the London and other
Universities.

Students are admitted either as Matriculated or non-Matriculated
Students. Several valuable Scholarships and Prizes are offered.

The Laboratories of the College are open to post-Graduates and Research
Students.

The following are the Departments under the charge of the various
Professors, assisted by-the Junior Staff :—

z Prof. S. A. F. WuiTg, M.A.
Mathematics ... .. { Prof. J. W. NlCHor.sr;N, M.A., D.Sc.

Physics ... Prof. O. W. Ricuarpson, D.Sc., F.R.S.
. Prof H. Jacksow, F.I.C., F.C.S.
Chemistry w{ Drof. A W Connerav, B.5c B R.S.
Botany . i Prof. W. B. BorromrLey, Ph.D., F.L.S.
Zoology ... o Prof. ArTHUrR DenpY, D.Sc.,, F.R.S.

Physiology A Pr;f.R\\g. D. HarLiBurTON, M.D., LL.D.,

Psychology Dr. W. Brown, M.A., M.B.

The next TERM begins WEDNESDAY, OCTOBER 6, 1g15.
For further particulars apply to the SEcrRETARY, King’s College, Strand,
W.C.

Geology and Mine‘ralog:).r Dr. W. T. Gorpon, F.R.S.E.
i

UNIVERSITY OF LONDON. :
KING’'S COLLEGE.
EVENING CLASS DEPARTMENT.

COURSES are arranged for the INTERMEDIATE and FINAL
EXAMINATIONS for the B.A. and B.Sc. Degrees of the UNIVER-
SITY OF LONDON. Students taking the full course pay composition
fees and ra: k as internal students of the University.

The Classes are also open to occasional students in separate subjects.

Next Term will begin on Wednesday, October 6, 1915.

For full information and prospectus apply to the Dean (Mr. R. W, K.
Edwards), or to the SEcrRETARY, King's College, Strand.

ADMINISTRATIVE COUNTY
OF LONDON.

EVENING CLASSES in SCIENCE and MATHEMATICS are
held at the following Institutions maintained by the London County
Council :—

Beaufoy Institute, Princes Road, Vauxhall Street, S.E.
(Mathematics and Elementary Science.)

Hackney Institute, Dalston Lane, N.E.
(Mathematics, Chemistry, Pnysics.)

Norwood Technical Institute, Knight's Hill, West Norwood, S.E.
(Mathematics, Chemistry, Physics, Botany.)

Paddington Technical Institute, Saltram Crescent, W,
(Mathematics, Physics, Chemistry, Botany, Zoology.)

Classes are also held on Saturday mornings.

Full Prospectus may be obtained on application to the Secretaries of the
respective Institutions.

AMES BIRD,

J
Clerk of the London County Council.
London County Council,
Education Offices,
Victoria Embankment, W.C.

.

CHEMIST, long and varied experience in
research, high credentials, seeks engagement.—Dr. E., cfo Goring,
3 Tudor Street, E.C.

UNIVERSITY OF LONDON, UNIVERSITY COLLEGE.

DEPARTMENT OF APPLIED STATISTICS
AND EUGENICS.

Under the direction of Professor KARL PEARSON, F.R.S.

The Laboratories are open from 9.30 to 5.30 daily, and provide a complete
course of training in the theory and practice of Statistics. Lectures and
Laboratory work begin in the first week of October. Statistics now forms
a subject for the B.Sc. degree of the University of London. Provision is
made for assisting students i research work, e-pecially in dealing with
statistical problems in medicine, sociology and anthropometry. Training is
provided for those interested in eugenics and biometric problems, and in
pedigree work in heredity.

Professor Pearson will meet intending students on Tuesday, October s,
between 10 a.m, and 1 p.m. and 4 p.m. and 6 p.m.

For further particulars apply to the SEcCrRETARY, University College,
London (Gower Street).

THE MANCHESTER MUNICIPAL
SCHOOL OF TECHNOLOGY.
(UNIVERSITY OF MANCHESTER.)

PrincipaL: J. C. M. GARNETT, M.A. (late Fellow of Trinity College,
Cambridge).
The Session 1915-16 will open on October s.
The Prospectus, forwarded free on application, gives particulars of the
courses leading to the Manchester University degrees in the Faculty of
Technology, in the following Departments : —

MECHANICAL ENGINEERING,
ELECTRICAL ENGINEERING,
SANITARY ENGINEERING (including Municipal Engineering),

THE CHEMICAL INDUSTRIES (including General Chemical
Technology, Bleaching, Dyeing, Printing, Papermaking, Brewing,
and Metallurgy),

THE TEXTILE INDUSTRIES,
PRINTING AND PHOTOGRAPHIC TECHNOLOGY,
ARCHITECTURE.

THE ROYAL TECHNICAL COLLEGE,
GLASGOW.
SESSION 1915-16 BEGINS
DAY CLASSES ON SEPTEMBER 28

EVENING CLASSES ON SEPTEMBER 23.

The Diploma of the College is granted in the following Departments :—
Civil Engineering, Mechanical Engineering, Electrical Engineering,
Mining, Naval Architecture, Chemistry, Metallurgy, Building, Textile
Manufacture, Dyeing, and Sugar Manufacture. A Course for a Joint
Diploma in Architecture has been arranged in conjunction with the Glasgow
School of Art.

The Diploma Course extends over either three or four Sessions, and the
average fee per Session is £12 12s.

The College is affiliated to the University of Glasgow, and the Degrees of
the University in Engineering and Applied Chemistry are open to its
Students.

Full Courses of Instruction are also provided in the Schools of Naviga-
tion, Wireless Telegraphy, and Bakery.

The Calendar (price 1s., by post 1s. 44.) and Prospectuses (free) will be
sent on application to the Director.
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BATTERSEA POLYTECHNIC, S.W.

Principal . . F. H. NEwmaN, M.A., Ph.D.

BOTANY DEPARTMENT.

. Livuian J. CLARKE, B.Sc., F.L.S.
E. R. SeraTT, D.Sc.

Lecturer .
Assistant Lecturer .

Complete Courses, Day and Evening, in preparation for the
Matriculation, Intermediate B.Sc., and Final B.Sc. Examina-
tions, under recognised teachers of the University of London.

Field Work in first and third terms.

Facilities for Research Students.

For full particulars see Calendar, price 64., post free 104.

f Day—September 21.
Next Term COMMENCES) Fvening— September 28.

UNIVERSITY COLLEGE,
NOTTINGHAM.

PRrINCIPAL W. H. HEATON, M.A.
The SESSION 1915-16 begins SEPTEMBER 30. The College

provides complete courses for the examinations of London University for
Degrees (Pass and Honours) in :—
SCIENCE,
ENGINEERING,
MINING,

and also complete Courses for Diplomas in:—
EDUCATION (PRIMARY AND SECONDARY),

ARTS,
ECONOMICS,

GEOGRAPH
COMMERCE CHEMISTRY
PUBLIC HEALT DISPENSING

ENGINEERING (CIVIL, MECHANICAL AND ELECTRICAL),
MINING, MINE SURVEYING.

Special Provision for Women Students.
Particulars and Prospectus may be obtained from the REGISTRAR.

TO CHEMICAL MANUFACTURERS AND OTHERS.

On River Thames, BELVEDERE. Factory to let, 170’ X 42". Chimney
shaft, outbuildings, and land. Premises suitable for manufacture of
explosives, or noxious businesses.

Laboratory to let, SSW. DISTRICT. Well fitted.
etc., can be had. Terms moderate.

Particulars of LeoroLp FarmEr & Sons, Factory Specialists and
Surveyors, 46 Gresham Street, E.C., and Kilburn, N.W.

Fixtures, fittings,

PHILOSOPHICAL MAGAZINE. Fifth

and Sixth Series or any volumes wanted by W. WesLEy & Son, 28
Essex Street, Strand, London, W.C. Please state volumes offered
and price.

NOW READY. NEW EDITION OF

C. BAKER’S
SECOND-HAND

SCIENTIFIC INSTRUMENT

CATALOGUE

Post Free on Application,

C. BAKER, 244 HICH HOLBORN, LONDON.

Established 1765.

HERIOT-WATT COLLEGE,

EDINBURGH.

Principal—A. P. LAURIE, M.A., D.Sc.

(sometime Fellow of King’s College, Cambridge).
THEORETICAL AND PRACTICAL TRAINING FOR
MECHANICAL ENGINEERS, ELECTRICAL ENGINEERS,
MINING ENGINEERS, TECHNICAL CHEMISTS,
BREWERS AND DISTILLERS.

COMPLETE COURSES OF INSTRUCTION, extending over four
years, for students studying for the Fellowship of the Institute of Chemistry.

An ENTRANCE BURSARY of £25 per annum is offered for Compe-

tition on September 28.
PETER MACNAUGHTON, S.S.C.,
Heriot Trust Offices, Clerk.
Edinburgh, August 1o, 1915.

HANLEY CASTLE GRAMMAR
SCHOOL, WORCESTERSHIRE.

Applications. are invited for the HEADMASTERSHIP of the above-
named School. Candidates must be Graduates of a University in the
United Kingdom, or have such other equivalent qualifications as may be
approved by the Board of Education.

The School is an endowed Grammar School under the Secondary School
regulations of the Board™ of Education, special attention being given to
agricultural subjects. The Headmaster selected will be required to take
up his duties after the Christmas Vacation. Commencing salary 4200 per
annum and house with accommeodation for a number of boarders. Further
particulars may be obtained from the undersigned, to whom applications
must be sent not later than September 25

ME@ S. HARGRAVES,
(Clerk to the Governors),
‘“ Bankside,” Upton-on-Severn.

HARLING’S NEW ‘“ACRIBO”
SECTIONAL PADS

COMBINE
ABSOLUTE ACCURACY—GOOD PAPER—LOW PRICE
Printed in grey, ensuring visual comfort, and allowing
plotted matter to show up well in any colour.
No. 1: inches and 8ths. No. 2: inches and 10ths.
No. 3: centimetres and millimetres.
Price of either, 50 sheets in a pad with cover, 2/6.

%~ NATURE says : ‘‘ The paper is excellent, the ruling is accurate, the
pad is convenient, and the production is British throughout.”

Write for specimens (post fiee) and compare the accuracy with
any you have in use.

A Drawing, d 8
1 w- H- HARL'NG’ M“heml::t:l‘menc M:ngnﬂ::‘mre:,rvemg
(Bstab. 1851) 47 FINSBURY PAVEMENT, LONDON, E.C.

MANSFIELD’S
OIL GAS APPARATUS

A simple compact plant which makes Gas from
Oil, for any Laboratory or Industrial Purpose.

MANSFIELD & SONS, Ltd.,11 Hamilton Sq., BIRKENHEAD

SECOND-HAND ¢

MICROSCOPES,
TELESCOPES,

PRISM
BINOCULARS, &c.

GOERZ, &c.

CLARKSON'S
SECOND-HAND
OPTICAL MART,

338 HIGH HOLBORN,

LONDON; W.C.

(Opposite Gray's Inn Road.):

é‘@
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TRANSPARENT SPECTROMETERS

QUARTZ GLASS WITH, OR WITHOUT,
Photographic Attachments.

These Spectrometers are guaranteed
to be accurate to 1 second of arc
all round the divided circle. They can,
if desired, be used with polarising
apparatus, and a Babinet's compensator
for elliptic polarization.

Accessories for use with these fine in-
struments include quartz optical equip-
ment for observation of the ultra-violet
spectrum, also arrangement for study of

In addition to the ordinary forms of Laboratory the infra-red by Reuben’s method.
Apparatus, the manufacture in this material of She
special and complicated pieces to customers’ own COMPARATORS

for the accurate measurement of
spectrographic plates.

THE SILICA SYNDICATE, Ltd., Accuracy 1 micron.
82 HATTON GARDEN,

Sample and Price LONDON.

List on application.
Telegraphic Address : *‘ Silexate, London.” Telephone : Holborn, 6380.

designs is now undertaken by

SOCIETE GENEVOISE,
87 Victoria Street, London,S.W.

NEW MODEL

FS and FFS

Bausch Jomb

MICROSCOPE
WITH SAFETY SIDE FINE ADJUSTMENT.

| OBJECTIVES.

Catalogue s 1 Eve- | ABBE {
No. | PR\T. o n?;lrsi(;"" (’ PIECES. | Noserieces. | CoNDENSER. | PrrcE.

= ks d
FS 1 | 16mm 4 mm - 7°5 % — | 85 0
FS 2 [16mm 4 mm — 7'5X | Circular Double | — 1 7T 186
FS 3 |16mm 4 mm — | sx mx‘ | —_ ‘ 6.11 0
FS 4 | 16mm 4 mm — 5X 10X | Circular Double | — 7 e
FFS 6 |16 mm 4mm — ’ 5X 10X 33 5 120 N.A. | 8.15 0
FFS 8 |[16mm 4mm | 19 mm. | 5X 10X | Circular Triple 120 NJA. | 14 0 O

NEW ATTACHABLE MECHANICAL STAGE, No. 2116, £3 5 0

We have sold over 106,000 Microscopes, whiech are in use all over the world.
Inspection invited at our Showrooms, or List ‘*“Al”’ sent post free.

N.B.—All our Instruments being -made at our own factory in Rochester, U.S.A. :
e there will be no delay in delivery, and we have just received Iarge’ stocks, o

ree waee. BAUSCH & LOMB OPTICAL CO., 37-38 HATTON GARDEN, LONDON, E.G. % fos
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Wratten
Panchromatic Plates

Ordinary Plate.

Wratten Panchromatic

with K 3 Filter.

Compare these two photographs of a signboard—
a gilt crown on a red and black ground—and you
will see that the ordinary plate fails to give any
impression of the colours, whereas the Wratten
Panchromatic Plate gives the correct brightness
of every tint. Wratten Panchromatic Plates are
sensitive to all colours and should always
be used for photographing coloured objects.

Write for free booklet
“ Real Orthochromatism.”

Kodak Ltd. (Wratten Division),
Kingsway, London, W.C.

SELF-REGISTERING

AND

SELF-RECORDING

(ELECTRICAL)

RAIN
GAUGES.

—=¢ THE ‘WILSON'

SELF-REGISTERING
RAIN GAUGE,

# With Improved Receiver

to prevent splashing.

The ‘WILSON’

SELF-RECORDING
(Electrical) e
RAIN GAUGE.

Records automatic-
ally on a Weekly
Chart wherever de-
sired inside the house

SOLE MAKERS:

PASTORELLI

ESTAB.)
1750.
AoTUAL MAKERS OF ALL KINDS OF METEOROLOGICAL INSTRUMENTS,
Contractors to H.M. Government,
46 HATTON GARDEN, LONDON,

& RAPKIN, LTD.
E.C.

STANDARD INSTRUMENTS OF ALL KINDS.

2 ILLUSTRATED PRICE LISTS POST FREE.
*+*We pay carriage and guarantee safe delivery within U.K. on all our
Instruments.

CHARLES GRIFFIN & CO., Lto., pusLisHERs.

THE ANALYSIS OF DYESTUFFS, and their Identification in Dyed
and Coloured Materials, Lake Pigments, Foodstuffs, ete.
By Prof. A. E. GREEN, M.Sc., F.R.S.; F.1.C. 8s. 6d. net.
ConTeNTS i—Introduction.— Classification of Dyestuffs. — Analysis of
Colouring Matters in Substance.—In Animal Fibres.—On Vegetable Fibres.
—The Analysis of Indigo in Substance and on Fibre.—Pigments and Lakes.
—The Constitutions of Azo-Dyestuffs.

A MANUAL OF OILS, RESINS, AND PAINTS, for Students and
Practical Men (Analysis and Valuation). By HARrry INGLE,
D.Sc., and J. A. L. SurcrirFg, A.I.C. In Crown 8vo. Cloth.
3s. 6d. net.

ConTeNTS :—Introduction.—Introduction to the Chemistry of the Oils,
Gums, etc.—Physical Tests —Chemical Tests.—Qualitative Tests for Oils.
—The Classification of Oils.—The Systematic Kxamination of Oils, Fats,
and Waxes.—Technological Analysis.—Tables of Oil Constants.—Index.

THE PETROLEUM TECHNOLOGIST’S POCKET-BOOK. By Sir
BoverTOoN REDWOOD, Bart.,, D.Sc., and A. EastrLake, M.LM.E.
Pocket Size. Leather. Illustrated. 8s. 6d. net.

Svynopsis oF CONTENTS :—PART I: General Information (Origin, Oc-
currence Prospecting, Rai.ing, Storage, Refining, etc.).—ParT 1I: Geo-
logical (Identification of Rocks, Angle of Dip, Maps, Oil-bearing Areas,
Oul per Acre, Bitumens, etc.).—PART III: Physical and Chemical (Specific
Gravity, Analysis of Gas, Viscometry, Calorific Value, Flash Point, Distil-
lation, Candle Power, etc., etc.).—PArT IV : Production (Drilling, Casing,
Water, Raising Oil, Plugging, Cost of Drilling, etc., etc.).—PArT V:
Storage and Transport (Tanks, Flow in Pipes, Pipe Lines, Pumping, Rail-
way Cars, Barrels, etc.).—PArT VI : Uses (Liquid Fuel, Air required, Oil
Engines, Natural Gas, Asphalt, etc.) —ParT VIl : Weights and Measures.
Part VIII: Miscellaneous and Glossaries.—PART IX : Crude Petroleum
(Statistics).

TOWN PLANNING : An Introduction to. By JuLian JuLian, B.E.
In Crown 8vo. Pp. i-vii+149. 5S. net.

CoNTENTS :—Ancient Town Planning.—Medizval and Modern Town
Planning.—Authorities and Bye-Laws.—Powers of Local Authorities.—
Practical Considerations in the Preparation of Town Plans.—A Town-
Planning Tour.—Ap dices.—Index.

REFUSE DISPOSAL. By Prof. E. R. MaTTHEWs, A.M.Inst.C.E.,
F.R.S.E. Pp. i-xiii+160. Fully Illustrated. 6s. net.

ConTENTS :—Collection of House Refuse.—Disposal of Refuse.—Con-
version to Manure.—Destruction by Burning.—Types of Destructors.—The
Meldrum Destructor.—Heenan Destructor.— Other Destructors.—Dawson-
Manfield Destructor.—Installations for Villages, Workhouses, Hospitals,
Factories, etc.—Chimney Construction,—Vacuum Cleaning and Dust
Collecting.—Index.

LONDON: 12 EXETER STREET, STRAND, W.C.

G. CUSSONS, L™: Manchester

Cussons’ Patent
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SOLAR MYTHS.

Sun Lore of All Ages. A Collection of Myths and
Legends Concerning the Sun and Its Worship.
By*W. T. Olcott. Pp. xiii+346. (New York
and London: G. P. Putnam’s Sons, 1914.)
Price 10s. 6d. net.

N the preface it is stated that the author, during
the compilation of a volume on “Star Lore
of All Ages,” found a wealth of interesting
material pertaining to the mythology and folk-lore
of the sun which seemed worth putting together
in a separate volume, including the legends, tradi-
tions and superstitions which all ages and nations
have woven about the sun.

The author seems to have gathered his materials
from a number of works on mythology and folk-
lore, from which he frequently gives verbatim
extracts. Outside this subject he does not appear
to have made any special study of the general
rise and progress of civilisation, as he sometimes
makes curious mistakes. For instance, he tells us
(p. 137) that Anaxagoras was put to death on
account of his scientific opinions. But a worse
fault is that no attempt is made to systematise the
immense amount of legends and stories he has
collected. The reader is repeatedly carried from
India to North America, thence to Finland and vid
Greece to Scandinavia and back again. And the
author has not avoided the snare in which so
many students of folk-lore have been caught, by
making simply every myth, fable or tale he has
met with into a solar myth, from Jack-the-Giant-
Killer to Jonah, Cain, the Homeric poems, and
so ad infinitum. Needless to say, this process
often involves very far-fetched explanations. Thus
the Royal Arms of England, “supported by the
solar lion and the lunar unicorn,” are made to
express solar worship. We do not quite know
what to make of the following curious statement

(p- 173) :—

“The resemblance between the lives of the Sun-
God Pheebus Apollo and Jesus Christ, the central
figure and Exemplar of the Christian religion, is
striking. The circumstances of their birth were
in many respects similar, in that they were born
in comparative obscurity. For a while
Phoebus Apollo hid his greatness in a beggar’s
garb. . . . This mode of existence was in every
way similar to the life of Christ. . . . Although
the Sun-God’s death at nightfall is ignominious,
akin in this respect to the crucifixion, still its pre-
dominant feature is one of glory, and the reappear-
ance of the triumphant sun after death is in every
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way typical of the resurrection, thus portraying in
a startling manner the completeness of the analogy
between the lives of Christ and Apollo.”

Has the author ever heard of Dupuis and his
“Origine de tous les cultes”? Probably not, as
he only quotes books written in the English lan-
guage. But Dupuis in his voluminous work
proved to his own satisfaction that the founder of
the Christian religion had never existed : he was
only a solar myth, identical with Bacchus, Osiris,
and Hercules. It is safer to be cautious in draw-
ing parallels between fact and fiction and in look-
ing everywhere for solar myths. But all the
same, even a critical reader will find much to
interest him in the accounts of sun-worship and
sun-myths given in this volume, not least in the
numerous extracts from the publications of the
United States Bureau of Ethnology. The book is
beautifully illustrated with thirty plates taken from
paintings or giving views of sun temples and
worship.

POCKET ENCYCLOPAEDIAS
OF PETROLEUM AND CHEMISTRY.

(1) Petroleum Technologist’s Pocket-Book. By
Sir Boverton Redwood, Bart., and Arthur W.
Eastlake. Pp. xxiv+454. (London: Charles
Griffin and Co., Ltd., 1915.) Price 8s. 6d.
net.

(2) The Chemists’ Year-Book, 1915.
F. W. Atack. Two vols.

Edited by
Vol. i., pp. 354.

Vol. ii.,, pp. 355914. (London and Man-
chester : Sherratt and Hughes, 1915.) Price
10s. 6d. net.

(1) HE names of Sir Boverton Redwood and

Mr. Arthur W. Eastlake on the title-
page of the “Petroleum Technologist’s Pocket-
Book ” would alone be an ample guarantee that
thoroughness of treatment and completeness of
content would be found in its pages, and the
work fully bears out the expectation arrived at.
It is indeed a miniature edition of Sir Boverton
Redwood’s monumental work on petroleum, and
in its 454 pages of pocket-book size contains more
useful information, tables, and data referring to
every branch of the mineral oil industry than it
would be thought possible could be got into a
portable form.

Starting with the origin and occurrence of
petroleum in the earth’s crust and its geographical
distribution, prospecting for petroleum is next
dealt with, and much useful information is given
as to licences, mining leases, and regulations in
various parts of the world.

c
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Part ii. is geological, and contains definitions of
various geological terms and the identification of
rocks and strata illustrated in the coloured frontis-
piece of the succession of the stratified formations
of the earth’s crust. This part also contains many
useful tables for horizons, angles of dip, natural
sines, cosines, and tangents, quantities of oil per
acre for given thicknesses of oil sand, and a host
of other useful data.

Part iii. is chemical and physical, giving the
specific gravities of crude oils, products, analyses,
viscosity, calorific value, specific heat, and the
composition of various purifying agents; whilst
Part iv. treats of oil production in all its phases.
Part v. embraces refining, transport, storage and
testing of oils, and the next division goes fully
into the uses of petroleum and its products.
Part vii. is a mass of information on weights,
measures, and other useful data connected with
oil, whilst Parts viii. and ix. deal with miscel-
laneous information and statistics, brought down
in most cases as late as 1913, and forming a
fitting conclusion to a book which no one in any
way interested in oil can afford to be without.

(2) Another extremely useful work is “The
Chemists’ Year-Book for 1915,” compiled by Mr.
F. W. Atack, of the Technical Department of
Manchester University, and designed to take the
place of the voluminous German publications, of
which the English chemist has been forced to
avail himself in the absence of any complete
and up-to-date English collection of chemical
data.

In order to secure portability it is published in
two volumes—the first, a pocket-book containing
a diary, all the more important details of qualita-
tive, volumetric, gas, ultimate, electro-chemical
and spectrum analysis, together with tables of
the general properties of inorganic and organic
substances, useful memoranda, conversion and
logarithm tables. -

The second volume, which from the absence
of a flap is evidently intended more for reference,
gives every possible table on the physical con-
stants of gases, liquids, and solids, properties
of minerals, and finally a really excellent sum-
mary of more technical processes, in which fuel
and illuminants, acid and alkali manufacture, oils
and fats, brewing, coal tar and its derivatives,
synthetic dye-stuffs, and many other manufac-
turing processes find place.

It is refreshing to find, at a time when so much
is being written and said as to the capture of
German trade, that so practical a first step has
been taken, and every working chemist will wel-
come this year-book, containing as it does in
convenient form goo pages of most useful data.
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GEOGRAPHIC INFLUENCES AND THE OLD
TESTAMENT.

Geographic Influences in Old Testament Master-
pieces. By Prof. Laura H. Wild. Pp. xiii+
182. (Boston and London: Ginn and Co.,
1915.) 4s. 6d.

HE book aims at showing how the physical
environment and geographical conditions of

a nation are expressed in its literature and history.

This fact, notwithstanding its great importance,

has been too often forgotten by teachers and per-

haps in no case more frequently than in dealing
with the older portion of the Bible. One cause of
this has been a tendency, with a large section
of the Christian church, to regard its older
books with an unreasonable reverence, and for-
getting that they are the history of a people,
who, though the chosen means for imparting
great truths to the world, were men and women
like ourselves, even the best of whom were liable
to human weaknesses. The authoress accord-
ingly seeks to enhance the attractions of Bible
teaching by linking its more interesting episodes
with the main geographical features of the
country—its coastal plain on the one side, and its
inland desert on the other, its valleys and its hills

—Carmel, Gilboa and Tabor, the cedar-clad slopes

of Lebanon and the snowy dome of Hermon,

from which the Jordan begins its course, in some

respects unique, to its grave in the Salt Sea.
The intention of the book is excellent, but we

cannot say so much for its execution. Prof.
Laura Wild’s comments seldom rise above the
commonplace, and we find among them little or
no evidence of a personal knowledge of Palestine.
For descriptions of its scenery she seems to depend
upon quotations from well-known travellers, so
that we miss those little graphic touches which
add to the life and interest of an account. To
some statements also we must take exception,
such as that Joseph was ‘‘little ”’ when sold into
Egypt, for he was over seventeen; that Heber
can be described as an Israelite, and that Endor
is near the Sea of Galilee. Her knowledge also of
natural history and geology leaves something
to be desired. It is misleading to call the
cyclamen a native of Palestine, for the genus has
a wide range, one species being claimed as
British, which is at any rate common in many parts
of Europe. The lion which Benaiah killed in a
cave (he is not said to have been a boy, nor it to
have contained snow) is not likely to have been a
wanderer from the Jordan valley into the
mountains of Judaa, for lions at one time were far
from rare in Palestine, or even in Greece, while in
prehistoric days they were common in Britain,
when the climate was much colder than now.
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The slopes of Pisgah, where Lot is said to have
sought refuge in a cave, though they command a
view of the Dead Sea, can scarcely have been sub-
ject to ‘‘ volcanic storms of bitumen,’’ which, by
the way, is not usually an eruptive product.
Whether it is ‘‘ some thirty thousand years’’ since
the last glacial period in Palestine may or may
not be correct, but that was not indicated by the
‘“ earth’s appearance above the sea,”’ nor was the
former unfit for men to live upon until *“some five
or six thousand years ago.” ‘Sandstone, lime-
stone and chalk,”” should probably be read ‘‘and
shale,”” for chalk, in the strict sense of the word,
is not found in Palestine. To say that the Jordan
valley is not due to a ‘‘ rift cut down into the rock
by a flowing stream,’’ but ‘‘ to the original folding
of the earth’s crust,”” is both vague and in-
accurate, and the peculiar physical features of the
Kishon valley, which indirectly have so often made
it a battlefield of nations, hardly receive even a
passing notice. No doubt ‘‘geologically Pales-
tine is a most interesting country with which to
become acquainted,”’ but we fear that this book
will not do much to bring about so desirable a
result.

OUR BOOKSHELF.

The Science of Mechanics: a Critical and His-
torical Account of its Development. By Prof.
E. Mach. Supplement to the third English
edition containing the author’s additions to the
seventh German edition. Translated and anno-
tated by P. E. B. Jourdain. Pp. xiv+ 106.
(Chicago and London: The Open Court Pub-
lishing Co., 1915.) Price 2s. 6d. net.

MacH completed the first edition of “The Science

of Mechanics” at Prague in 1883. An English

translation (by McCormack) appeared just ten
years later, and of this two further editions
embodying the alterations made in the successive

German editions have been published.

With the seventh German edition (Leipzig,
1912), however, the alterations made were much
more numerous and important; and the present
volume, which forms a supplement to the third
English edition (1907), contains a full account of
them, together with some pages of notes due to
the translator. It is remarkable that notwith-
standing the thirty years which separate the first
and seventh editions, Prcf. Mach finds himself
able to strike identically the same note in his new
“conclusion ” as he had done in the preface to the
first edition. In that preface he undertook that
“Mechanics will here be treated, not as a branch
of mathematics, but as one of the physical
sciences "’ ; whilst in a concluding passage in the
present volume he points out that “the doctrines
of mechanics have developed out of the collected
experiences of handicraft by an intellectual pro-
cess of refinement . . . we see that the savage

discoveries of bow and arrows, of the sling, and ;
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of the javelin, set up the most important law of
modern dynamics—the law of inertia—long before
it was misunderstood with thoroughgoing per-
versity by Aristotle and his learned commenta-
tors.”

Mach speculates much as to the validity of the
conceptions of absolute space and time, and on
the effect of using as a reference system the
“fixed ” stars. What would have been the conse-
quence had there existed a sufficiency of cosmic
dust to render the stars invisible to an observer
on the earth? In Mach’s opinion the ““surround-
ings in which we live, with their almost constant
angles of direction to the fixed stars, appear to
me to be an extremely special case, and I would
not dare to conclude from this case to a very
different one.”

It is to be hoped that no library which possesses
the third English edition will be without this
companion volume.

Report on the Building and Owrnamental Stones

of Canada. Vol. ii., Maritime Provinces. By
Dr. Wm. A. Parks. Pp. xii+264. Plates i~
xlv, sketch maps 1-9. (Ottawa: Government

Printing Bureau, 1914.)

Tais volume constitutes the third part of the
monograph on the building and ornamental stones
of Canada, and worthily upholds the high standard
established in the earlier portion of the work.
The greater part of this report is occupied by a
systematic account of the quarries of the maritime
provinces and of their products. The stones are
considered according ‘to the class to which they
belong, e.g., granite, black granite (greenstones),
sandstone, limestone, &c., and arranged according
to more or less definite geographical areas into
which the quarries naturally fall. In order to
give prominence to the economic and commercial
aspect of the work, the quarries are described
under the name of the owner wherever possible.
The general plan adopted for the description of
individual properties is: (a) quarry observations;
(b) description of the stone, with tests; (c)
economic remarks and statistics; (d) examples of
the use of the stone. Sketch maps are given
showing the geology and location of quarries in
important districts; special mention must be made
of the excellent colour-photo plates which show in
an admirable manner the colour and appearance
of the stones, a feature which should be appre-
ciated by architects.

The Canadian Department of Mines is to be
congratulated on the wisdom of undertaking a
comprehensive and businesslike statement of the
country’s quarry resources, and not least, for
carrying out a series of systematic tests on the
quarry products. Whatever opinion may be held
as to the value of such tests, there can be no
doubt that when they are made under uniform
conditions, and as nearly as possible at one time,
their utility is enormously increased.  The
existence of this monograph should result in a
great saving of time, energy, and money on the
part of all users of stone in the Dominion.

J. A. H.
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LETTERS TO THE EDITOR.

[The 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 of NATURE. No notice is
taken of anonymous communications.]

The Probable Error of the Amplitudes in a Fourier Series
obtained from a Given Set of Observations.

Mr. Dines’s question (NATURE, August 12,
p- 644) as to the degree of significance to
be attached to the amplitudes of waves of given
period found in short series of observations and the
likelihood of their permanence as the series is extended
brings home again the reflection that whilst probable
errors are easily found where the experience is large
and they are least wanted, their determination from a
limited experience where they would be most useful
is largely hypothetical.

One of the principal sources of error springs from
the process of selection. For example, we may find
by counting that twelve persons out of twenty in an
omnibus, picking up people at random, are males;
but to predict from this the probable constitutions in
like respect of other omnibuses, or to say that the
percentage of males in London has been determined
as sixty, with a probable error of %3, is clearly a mis-
use of statistical theory. The result is fallacious,
because of the false premises. Omnibuses do not pick
up people at random, or even travelling people at
random. Persons go about in small groups, and there
are larger groups going to the shopping centres and
going citywards, and still larger groups travelling at
the extreme hours and travelling at the mid hours
of the day, and so on. The constitutions of the groups
are different, and the probable error of the percentage
is much in excess of that calculated on the basis of
random sampling, this being due to a process which,
applied to phenomena in general, may be called a
tendency to cluster.

In all cases where a space or time content is taken
as the sample it is necessary, owing to unknown
clustering, to repeat the samples many times over,
before a just estimate of the statistical constants and
of their probable errors can be obtained.

Applied to meteorological and such-like phenomena,
in which some value fluctuates in time, the successive
observations are seldom at such a distance as to be
haphazard, and the clustering, in this instance, is of
the nature of waves similar to the waves which are
the subject of observation. In these circumstances
it does not seem possible, from observations of a
single period, to make any estimate of the significance
of an observed amplitude. This can only be done by
repeating the period and noting the fluctuations in
phase and amplitude found in such repetitions. If ob-
servations for many periods are to hand, then it is
only following a well-understood practice to divide the
material up into groups and calculate the constants
of each group. From the fluctuations found in the
several groups an empirical gauge of error may be
constructed, upon which may be based a measure of
error, suitable for application to the constant found
for the whole.

If the phenomenon were one fully observed, and a
frequency distribution of wave period and amplitude
had been calculated by one of the several methods
that have been proposed, then it would not be difficult
to obtain the probability of error of any sustained
wave found in the observations during a limited
period of time. But such a frequency distribution is
seldom a subject of research, although it is the first
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step in a description of the phenomeron, and one that
cannot fail, by giving the salient periods, to mark out
regions of investigation relative to the causes of un-
dulation.

The more limited statement of the problem, as
enunciated by Mr. Dines, renders it amenable to
algebraical expression in the following manner.

A variable quantity has a periodic wave of amplitude
a, and is subject, in addition, to casual fluctuations
the mean of which is zero, and standard deviation o,
It is easily shown that if $ and g are the amplitudes
of the waves, phasal with, and in quadrature with,
the above wave, calculated from the casual variations
alone, the mean values of $ and q are zero, and their
standard deviations are o#/2/4/n. Supposing that the
distributions of p and g are normal, what will be the
errors of the calculated amplitudes, and phase angles,
due to these fluctuations?

o

-5

A NS €
Draw OA=a, AC=p, CA’ at right angles=q.
Then, clearly, a’=0A’ is the calculated amplitude

due to p and g, superimposed upon a, and §=A0A’ is

the phase displacement.

Now A’ has varying positions, due to the variations
of p and ¢, and its frequency upon the element of area,
dp, dq, about A’, is that of a normal distribution,
viz, i—

RSP 1 -t
vr=rdbial S = vl
=L2 e~ ¥+ gp dy

27s

where s is written for o4/2/#/n, the s.d. of p or gq.
Putting 2% + ¢ = AA? = a’? — 2a’a cos 6 + 2% and

dpdq=a’da’dd, the variables are changed from p, g to

a',0, and the frequency distribution of a’,6 is therefore

o0

[ 1 —Ha'2-ar'acos 0+a2)[s® ¢ 7./

/ —e7? E a'da'de.
J o 2ms?
00

When this is integrated with respect to 6 the result
will be the frequency distribution of amplitudes a'.
It appears to be a problem of the nature of random
migration, and the solution of the above integral will
probably be found (I am unable to consult my refer-
ence) in Prof. Karl Pearson’s memoir upon this sub-
ject.

: If there is no initial wave, so that the calculated
amplitudes are all due to casual fluctuations, then
a=o0 and the frequency distribution of a’ becomes :—
f \ e—é“q/‘g ada.
=
5 S

This is a well-known distribution, being, for instance,
the distribution of arithmetical velocity of wind when
the NS and EW components vary independently, in
normal manner, with s.d. equal to s.

The mean is #/(47).s=1-253s, the standard deviation
is #/(2—3r).s=0655s, and the number per cent. ex-
ceeding xs is I100Xe—1%%, _

Applying these formula to Mr. Dines’s experimental
data, the comparison of experiment with theory comes
out as follows :—
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Values of a'=+(p*+¢*). Mean p=mean g=o.
S.d. of p=s.d. of g=10. 3500 pairs. taken.
Experiment Theory
Mean a’ ... 12-5 12:53 £0°20
Standard deviation of a' ... 65 6-55+0-14
Per cent. exceeding 25 40 439+ 062

the agreement being very close in all three values.
Manchester. H. E. SOPER.

Antarctic Fossil Plants.

It should have been stated that Prof. Seward’s
memoir (reviewed in NATURE for August 26) is the
first dealing with the geological results of Capt.
Scott’s Expedition. Two numbers of the Zoological
series had previously appeared—No. 1 of vol. i. on
June 27, and No. 1 of vol. ii. on July 235, 1914.

D. H. S.

HENRY GWYN JEFFREYS MOSELEY.

CIENTIFIC men of this country have viewed
with mingled feelings of pride and appre-
hension the enlistment in the new armies of so
many of our most promising young men of science
—with pride for their ready and ungrudging re-
sponse to their country’s call, and with appre-
hension of irreparable losses to science. These
forebodings have been only too promptly realised
by the death in action at the Dardanelles, on
August 10, of Henry Gwyn Jeffreys Moseley,
2nd Lieut. in the Royal Engineers, at the age of
twenty-seven. A son of the distinguished zool-
ogist, the late Prof. H. N. Moseley, of Oxford,
he was educated at Eton, entering as a scholar,
and passed to Trinity College, Oxford, where he
gained a Millard Scholarship. He obtained a
First Class in Mathematical Moderations, and
Honours in Natural Science.

Moseley early showed marked originality and
an enthusiatic interest in science. A year before
his graduation he had decided to undertake
original work in physics, and visited Manchester
to discuss the matter with me. After graduation,
he was appointed lecturer and demonstrator in the
physics department of the University of Man-
chester, and immediately devoted all his spare
time to investigation. After two years he resigned
his lectureship in order to devote his energies
entirely to research, and was awarded the John
Harling Fellowship. During the past year he
went to Oxford to live with his mother, and to
continue his experiments in the laboratory of Prof.

- Townsend. He went out to Australia with the
British Association, took an active part in the
discussion on the “Structure of the Atom” at
Melbourne, and gave an interesting account of
his recent work on the X-ray spectra of the rare
earths, in Sydney. On the outbreak of war he
put aside all thought of continuing the investiga-
tions in which he was so vitally interested, and
returned at once to England to offer his services
to his country, and was granted a Commission in
the Royal Engineers. He was later made signal-
ling officer to the 38th Brigade of the First Army,
and left for the Dardanelles on June 13. He took
part in the severe fighting at the new landing on
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August 6 and 8, and was instantaneously killed
on the 1oth by a bullet through the head in the
act of telephoning an order to his division at a
moment when the Turks were attacking on the
flank only 200 yards away.

Moseley was one of those rare examples of a
man who was a born investigator. He rapidly
acquired the technique of experiment and soon
gained a remarkably wide and accurate know-
ledge of modern physics. His undoubted origin-
ality and marked capacity as an investigator were
very soon ungrudgingly recognised by his co-
workers in the laboratory, while his cheerfulness
and willingness to help in all possible ways en-
deared him to all his colleagues. His first
research, published in the Proceedings of the
Royal Society, consisted in the determination of
the average number of beta particles emitted
during the transformation of an atom of radium B
and radium C—a difficult and important piece of
work. It then occurred to him to determine the
potential to which radium could be charged in a
high vacuum by the escape of its own beta par-
ticles. He was able to achieve such a high stage
of exhaustion—and this before the advent of the
molecular pump—that a small quantity of radio-
active matter retained itself at a potential of more
than 100,000 volts for several weeks. He devised
an ingenious method for detecting the possible pre-
sence of very short-lived radioactive substances,
and in conjunction with Fajans utilised the method
to determine the period of transformation of a
newly-discovered product in actinium, which was
found to be half transformed in 1/500 of a second.

Moseley’s interest was greatly aroused by the
discovery of Laue of the diffraction of X-rays in
their passage through crystals, and in conjunction
with Mr. Charles Darwin he immediately started
an investigation to examine the quantity and
quality of the X-radiation scattered from crystals
at different angles.  Prof. Bragg, who was
working simultaneously at Leeds on the same
problem, observed the presence of definite maxima
in the scattered radiation corresponding to definite
lines in the X-ray spectrum. This result was
confirmed and extended by Moseley and Darwin,
and they mapped out accurately for the first time
the spectrum of the characteristic X-radiation
from an X-ray tube with a platinum antikathode.
These pioneer investigations in Leeds and Man-
chester were of fundamental importance, for they
laid the foundation of the new science of X-ray
spectroscopy, which is now in the process of rapid
development.

Moseley next decided to examine the X-ray
spectra of a large number of different elements
with the definite object of testing whether the
spectrum was connected in a simple way with the
atomic number of the element when arranged in
increasing order of atomic weight. Suggestions
had been previously made that the charge on the
nucleus of an atom, which defines its chemical
and physical properties, was possibly equal to the
atomic number. For this purpose he developed
the photographic method for accurate measure-
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ments of the spectra. - In his first paper he ex-
amined the spectra of a group of elements of
atomic weight between calcium and zinc. He
showed that a similar spectrum consisting of two
strong lines was emitted by each of these elements,
and proved that the frequency of the correspond-
ing lines in the spectra was proportional to the
square of a whole number which varied by unity
in passing from one element to the next. This
number, which was closely connected with the
atomic number of the element, was considered to
represent the nucleus charge. He next proceeded
to make a systematic study of a great majority
of the solid elements, and showed that a similar
result held for them all. Since the frequency of
a given line in the spectrum varied by definite
jumps in passing from one element to the next,
he was able to draw the deduction that there
could only exist three unknown elements from
aluminium to gold, and he was able to predict the
atomic number and spectra of these missing ele-
ments. This new and powerful method of attack
was of especial importance in connection with the
much debated question of the number of the rare
earth elements.

The fundamental importance of these discoveries
was immediately recognised. Prof. Urbain came
from Paris to Oxford in order to utilise Moseley’s
new method to decide the nature of the elements
present in the numerous preparations he had made
of the rare earths. The results of the investiga-
tion of the rare earths have not been published,
but it is to be hoped that sufficient data will be
available later.

Moseley’s fame securely rests on this fine series
of investigations, and his remarkable record of four
brief years’ investigation led those who knew him
best to prophesy for him a brilliant scientific
career. There can be no doubt that his proof
that the properties of an element are defined
by its atomic number is a discovery of great and
far-reaching importance, both on the theoretical
and the experimental side, and is likely to stand
out as one of the great landmarks in the growth
of our knowledge of the constitution of atoms.

It is a national tragedy that our military organ-
isation at the start was so inelastic as to be
unable, with few exceptions, to utilise the offers
of services of our scientific men except as com-
batants in the firing line. Our regret for the
untimely end of Moseley is all the more poignant
that we cannot but recognise that his services
would have been far more useful to his country
in one of the numerous fields of scientific inquiry
rendered necessary by the war than by exposure
to the chances of a Turkish bullet.

E. RUTHERFORD.

THE BRITISH ASSOCIATION AT MAN-
CHESTER.

RITING on the eve of the British Associa-

tion week, it may be said that the pros-

pects of a good number of members and associates

are much brighter now than they were a few

weeks ago. The experiment of shortening the
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meeting and of cutting out of the programme the
long-distance excursions was one that threatened
to reduce the numbers considerably, but we can
be assured now that a very large proportion of
those who attend the meeting of the British
Association are primarily attracted by the scientific
programme.

The interest taken in the meeting by the citizens
of Manchester and the surrounding district has
very noticeably increased during the past week,
and a large number of students and teachers are
enrolling themselves as associates on the half-fee
terms that were offered by the Council for this
meeting.

The discussions that will probably attract the
largest attendances from among the local members
are those on industrial harmony in Section F and
on military education in Section L. Mr. Balls’s
lecture on the application of science to the cotton
industry in Section K will also attract a good
audience of local people.

In addition to the afternoon sectional excursions
already announced, the agriculturists have
arranged visits to the Agricultural Institution of
the Cheshire County Council at Holmes Chapel
and to another large farm in the district.

The arrangements made by the local executive
committee for the reception of the Association
have now been completed, and it will be found
that ample accommodation has been provided for
the comfort and convenience of the visitors. In
time of war there are some subjects that cannot
be discussed advisedly in open section, particu-
larly in the sections of the physical sciences; but

i it may be anticipated that some important work

will be done in the private discussions of smaller
groups of scientific men in the smoking and con-
versation rooms. The university and the high
school for girls will between them provide facilities
for such informal discussions on a larger scale,
probably, than in any previous meeting of the
Association.

INAUGURAL ADDRESS BY PROF. ARTHUR SCHUSTER,
D.Sc., Sc.D., LL.D., Dr.-Es-Sc., F.R.S., PRESIDENT.

The Common Aims of Science and Humanity.

Un~DER the influence of the diversity of pursuits
imposed upon us by the conditions of modern life,
different groups of the community—men of business,
men of science, philosophers, or artists—have acquired
detached and sometimes opposing interests.  Each
group, impressed by the importance of its own domain
in the life of the nation, and focussing its vision on
small differences and temporary rivalries, was in
danger of losing the sense of mutual dependence.
But in the shadow of a great catastrophe it has been
brought home to us that the clash of interests is
superficial, and the slender thread of union which
remained has grown into a solid bond. What is the
fibre from which the bond is twined? Patriotism may
express its outward manifestation, but its staple is
the mental relationship which remains continuous and
dominant even in normal times, when each of us may
peacefully go to earn his living and enjoy the course
of his intellectual life.

Outwardly the community is divided into hetero-
geneous elements with mental attitudes cast in
different moulds, and proceeding along separate roads
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by differing methods to different ideals. Yet as we
eliminate the superficial, and regard only the deep-
seated emotions which control our thoughts and
actions, the differences vanish, and the unity of pur-
pose and sentiment emerges more and more strongly.
Mind and character, no doubt, group themselves into
a number of types, but the cleavage runs across, and
not along, the separating line of professions.

Wereg it otherwise, the British Association could not
perform one of its most important functions—a func-
tion not, indeed, originally contemplated, but resulting
indirectly from the wise and democratic provisions in
its constitution, which enabled it to adapt itself to the
changing needs of the time. Our founders primarily
considered the interests of scientific men; their out-
look was restricted and exclusive, both as regards
range of subject and membership. In the words of
Sir David Brewster, who gave the first impulse to its
formation, it was to be ‘‘an association of our nobility,
clergy, gentry, and philosophers.”

The meetings were intended to promote personal
intercourse, to organise research, to advocate reform
of the laws hindering research, and to improve the
status of scientific men. The right of membership was
confined to those who already belonged to some learned
society, and William Whewell, one of the principal
supporters of the movement, even suggested that only
authors of memoirs published by a learned society
should be admitted.! He emphasised this proposal by
the recommendation? ‘‘in some way to avoid the
crowd of lay members whose names stand on the List
of the Royal Society.” The reform of the Patent
Laws and the introduction of an International Copy-
right were suggested as subjects suitable for dis-
cussion, not apparently from the point of view of
general advantage, but merely in the interests of one
section of the community.

Whatever the objects of the founders of the asso-
ciation may have been, it is obvious that questions of
public importance could not be permanently excluded
from meetings the success of which depended on the
interest stimulated in the community. The Statistical
Section, which owed its origin to the visit, at the first
Oxford meeting (1836), of Quetelet, the Belgian astro-
nomer and economist, was the first to assert itself by
engaging in a discussion of the Poor Laws. Whewell
deeply resented this violation of academic neutrality :
‘it was impossible,” he wrote, ‘“to listen to the Pro-
ceedings of the Statistical Section on Friday without
perceiving that they involved exactly what it was most
necessary and most desired to exclude from our Pro-
ceedings,” * and again: “Who would propose (I put
it to Chalmers, and he allowed the proposal to be
intolerable) an_ambulatory body, composed partly of
men of reputation and partly of a miscellaneous crowd,
to go round year by year from town to town and at
each place to discuss the most inflammatory and
agitating questions of the day?*

Fortunately for our association, this narrow-minded
attitude did not prevail, and our records show that
while not avoiding controversial and even inflamma-
tory subjects, we have been able to exercise a power-
ful influence on the progress of science. The estab-
lishment of electric units, universally accepted through-
out the world, originated in the work of one of our
committees; the efforts which led to the foundation
of the National Physical Laboratory, one of the most
efficient and beneficial organisations in the country,

1 Others were allowed to join on recommendation by the General Com-
mittee. It was onlyin 1906 that this restriction, which had become obsolete,
was removed.

2 ““Whewell's Writings and Letters,” vol. ii., p. 128.

3 Loc. cit., p. 28q.

4 Tt is much to be desired that"the documents relating to the early history
of the British Association should be publishedin a collected form.
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received its first impulses from us; and the organisa-
tion of the first world service for the systematic inves-
tigation of earth tremors was established by the late
Dr. Milne, working through one of our committees.

The success of these enterprises alone is sufficient
to show that we are not merely a body promoting
social intercourse between men of science and the rest
of the community. Nevertheless, it may be admitted
that our efforts have been spasmodic, and the time
has arrived to consider whether it may be
possible to secure not only a greater continuity in
our work but also its better co-ordination with that
of other scientific organisations. The present juncture
affords the opportunity, and the changed conditions,
which in the near future will affect all our institutions,
render it indeed incumbent upon us once more to
adapt ourselves to the needs of the times. Proposals
for a move in that direction have already been made,
and will no doubt be carefully considered by the
council. In the meantime, I may direct your attention
to the important discussions arranged for by our
Economic Section, which alone will justify the deci-
sion of the council not to suspend the meeting this year.

It must not be supposed that, even in the early days
of the association, Whewell’s ideas of its functions
were universally accepted. It is pleasant to contrast
the lamentations of the omniscient professor of minera-
logy with the weightier opinion of the distinguished
mathematician who then held Newton’s chair at Cam-
bridge. At the concluding session of the second meet-
ing of the association, Babbage expressed the hope
“that in the selection of the places at which the
annual meetings were to be held, attention should be
paid to the object of bringing theoretical science in -
contact with the practical knowledge on which the
wealth of the country depends.” I was myself,”
he said, ‘particularly anxious for this, owing as I
do a debt of gratitude for the valuable information
which I have received in many of the manufacturing
districts, where I have learned to appreciate still more
highly than before the value of those speculative pur-
suits which we follow in our academical labours. I
was one of those who thought at first that we ought
to adjourn for our next meeting to some larger manu-
facturing town; but I am now satisfied that the
arrangement which has been made will be best adapted
to the present state of the association. When, how-
ever, it shall be completely consolidated I trust we
may be enabled to cultivate with the commercial in-
terests of the country that close acquaintance which I
am confident will be highly advantgeous to our more
abstract pursuits.”

Since then, as we all know, our most successful
meetings have been held in manufacturing centres;
but it should be observed that, while Babbage laid
stress on the benefit which would accrue to pure
science by being brought into contact with practical
life, scientific men of the present day have more and
more insisted on the services they, on their part, are
able to render to the industries. The idealistic motive
has thus given way to the materialistic purpose. Both
aspects are perhaps equally important, but it is neces-
sary to insist, at the present time, that the utilitarian
drum can be beaten too loudly. There is more than
one point of contact between different activities of the
human mind, such as find expression in scientific pur-
suits or commercial enterprises, and it is wrong to base
the advantages to be derived from their mutual influ-
ence solely, or even mainly, on the ground of material
benefits.

I need not press this point in a city which has given
many proofs that a business community may be
prompted by higher motives than those which affect
their pockets. It was not for utilitarian objects that
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repeated efforts were made since the year 1640 to
establish a University in Manchester; it was not for
reasons of material gain that the Royal Institution and
Owens College were founded; nor was it because they
increased the wealth of the district that the place of
honour in our Town Hall has been given to Dalton
and Joule.

When we glance at the various occupations of the
working parts of a nation, comprising the student who
accumulates or extends knowledge, the engineer who
applies that knowledge, the geologist or agriculturist
who discloses the store of wealth hidden in the soil,
the commercial man who distributes that wealth, it
seems as if we ought to be able to name the qualities
of intellect and temperament which in each pursuit are
most needed to carry out the work successfully. But
on trying to define these qualities we soon discover
the formidable nature of the task. Reasoning power,
inventive power, and sound balance of judgment are
essential attributes in all cases, and the problem is
reduced to the question whether there are different
varieties of the attributes which can be assigned to
the different occupations.

Among all subjects mathematics is perhaps the one
that appears most definitely to require a special and
uncommon faculty. Yet, Poincaré—himself one of the
clearest thinkers and most brilliant exponents of the
subject—almost failed when he attempted to fix the
distinguishing intellectual quality of the mathe-
matician. Starting from the incontrovertible proposi-
tion that there is only one kind of correct reasoning,
which is logical reasoning, he raises the question why
it is that everybody who is capable of reasoning cor-
rectly is not also a mathematician, and he is led to
the conclusion that the characterising feature is a
peculiar type of memory. It is not a better memory,
for some mathematicians are very forgetful, and many
of them cannot add a column of figures correctly; but
it is a memory which fixes the order in which the
successive steps of reasoning follow each other with-
out necessarily retaining the details of the individual
steps. This Poincaré illustrates by contrasting the
memory of a chess-player with that of a mathe-
matician. ‘“When I play chess,” he says, ‘I reason
out correctly that if I were to make a certain move,
I should expose myself to a certain danger. I should,
therefore, consider a number of other moves, and,
after rejecting each of them in turn, I should end
by making the one which I first contemplated and dis-
missed, having forgotten in the meantime the ground
on which I had abandoned it.”” ‘‘Why, then,” he
continues, ‘“does my memory not fail me in a difficult
mathematical reasoning in which the majority of chess-
players would be entirely lost? It is because a mathe-
matical demonstration is not a juxtaposition of syllog-
isms, but consists of syllogisms placed in a certain
order; and the order in which its elements are placed
is much more important than the elements themselves.
If I have this intuition—so to speak—of the order, so
as to perceive at one glance the whole of the reason-
ing, I need not fear to forget its elements: each of
these will take its right place of its own accord
without making any call on my memory.”?

Poincaré next discusses the nature of the intellectual
gift distinguishing those who can enrich knowledge
with new and fertile ideas of discovery. Mathematical
invention, according to him, does not consist in form-
ing new combinations of known mathematical entities,
because the number of combinations one could form
are infinite, and most of them would possess no in-
terest whatever. Inventing consists, on the contrary,
in excluding useless combinations, and therefore :—
“To invent is to select—to choose. . .. The ex-

5 “ Science et Méthode,” pp. 46 and 47.
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pression ‘ choose ’ perhaps requires qualifying, because
it recalls a buyer to whom one offers a large number
of samples which he examines before making his
choice. In our case the samples would be so numer-
ous that a lifetime would not suffice to complete the
examination. That is not the way things are done.
The sterile combinations never present themselves to
the mind of the inventor, and even those which
momentarily enter his consciousness, only to be re-
jected, partake something of the character of useful
combinations. The inventor is therefore to be com-
pared with an examiner who has only to deal with
candidates who have already passed a previous test
of competence.”

All those who have attempted to add something to
knowledge must recognise that there is a profound
truth in these remarks. New ideas may float across
our consciousness, but, selecting the wrong ones for
more detailed study, we waste our time fruitlessly.
We are bewildered by the multitude of roads which
open out before us, and, like Poincaré when he tries
to play chess, lose the game because we make the
wrong move. Do we not all remember how, after
the announcement of a new fact or generalisation,
there are always many who claim to have had, and
perhaps vaguely expressed, the same idea? They put
it down to bad luck that they have not pursued it, but
they have failed precisely in what, according to
Poincaré, is the essence of inventive power. It may
be bad luck not to have had a good idea, but to have
had it and failed to appreciate its importance is down-
right incapacity.

An objection may be raised that before a selection
can be made the ideas themselves must appear, and
that, even should they arrive in sufficient numbers,
the right one may not be among them. It may even
be argued that Poincaré gives his case away by saying
that “the sterile combinations do not even present
themselves to the mind of the inventor,” expressing
in a negative form what may be the essence of the
matter. Moreover, a fertile mind like that of
Poincaré would be apt to place too low a value on
his own exceptional gifts. Nevertheless, if Poincaré’s
more detailed exposition be read attentively, and more
especially the description of how the discoveries which
made him famous among mathematicians originated
in his mind, it will be found that his judgment is well
considered and should not be lightly set aside. New
ideas seldom are born out of nothing. They most
frequently are based on analogies, or the recollection
of a sequence of thoughts suggested by a different
branch of the subject, or perhaps by a different subject
altogether. It is here that the memory comes in,
which is not a memory of detail, but a memory of
premises with their conclusions, detached from the
particular case to which they were originally applied.
Before we pronounce an adverse opinion on Poincaré’s
judgment, we must investigate what constitutes
novelty in a new idea; but the subject is too vast to
be dealt with here, nor can I attempt to discuss
whether an essential distinction exists between
mathematical invention and that more practical form
of invention with which, for instance, the engineer
has to deal.

If Poincaré, by this introspective analysis of his
own powers, has dimmed the aureole which, in the
eyes of the public, surrounds the mathematician’s
head, he removes it altogether by his definition of
mathematics. According to him, ‘ mathematics is
the art of calling two different things by the same
name.” It would take me too far were I to try to
explain the deep truth expressed in this apparently
flippant form : physicists, at any rate, will remember
the revolution created in the fundamental outlook of
science by the application of the term ‘“‘energy” to
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the two quite distinct conceptions involved in its sub-
divisions into potential and kinetic energy.

Enough has been said to show that the peculiar
powers necessary for the study of one of the most
abstruse branches of knowledge may be expressed in
terms which bring them down to the level at which
comparison with other subjects is possible. Applying
the same reasoning to other occupations, the same
conclusion is inevitable. The commercial man, the
politician, and the artist must all possess the type of
memory best suited to concentrate in the field of
mental” vision their own experiences as well as what
they have learned from the experience of others; and,
further, they must have the power of selecting out of
a multitude of possible lines of action the one that
leads to success; it is this power which Poincaré
calls the inventive faculty.

The argument must not be pushed too far, as it
would be absurd to affirm that all differences in the
capability of dealing successfully with the peculiar
problems that occur in the various professions may
be reduced to peculiarities of memory. I do not even
wish to assert that Poincaré’s conclusions should be
accepted without qualification in the special case dis-
cussed by him. What is essential, to my mind, is to
treat the question seriously, and to dismiss the vague
generalities which, by drawing an artificial barrier
between different groups of professions, try to cure
real or imaginary defects through plausible though
quite illusory remedies. All these recommendations
are based on the fallacy that special gifts are asso-
ciated with different occupations. Sometimes we are
recommended to hand over the affairs of the nation
to men of business; sometimes we are told that salva-
tion can only be found in scientific methods—what is
a man of business, and what is a scientific method?
If you define a man of business to be one capable of
managing large and complicated transactions, the in-
ference becomes self-evident; but if it be asserted that
only the specialised training in commercial transactions
can develop the requisite faculties, the only proof of
the claim that could be valid would be the one that
would show that the great majority of successful
statesmen, or political leaders, owed their success to
their commercial experience. On the other hand,
every method that leads to a correct result must be
called a scientific method, and what requires sub-
stantiating is that scientific training is better than
other training for discovering the correct method.
This proof, as well as the other, has not been, and,
1 think, cannot be, given. When, therefore, one man
calls for the conduct of affairs * on business lines”
and the other clamours for scientific methods, they
either want the same thing or they talk nonsense.
The weak point of these assertions contrasting dif-
ferent classes of human efforts is that each class
selects its own strongest men for comparison with
the weakest on the other side. Where technical know-
ledge is required, the specialist should be consulted,
:Du{ in questions of general policy he is seldom the best
judge.

The most fatal distinction that can be made is the
one which brings men of theory into opposition to
men of practice, without regard to the obvious truth
that nothing of value is ever done which does not
involve both theory and practice; while theory is
sometimes overbearing and irritating, there are among
those who jeer at it some to whom Disraeli’s definition
applies : the practical man is the man who practises
the errors of his forefathers. With refined cruelty
Nemesis infects us with the disease most nearly akin
to that which it pleases us to detect in others. Tt is
the most dogmatic of dogmatics who tirades against
dogma, and only the most hopeless of theorists can
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declare that a thing may be right in theory and wrong
in practice.

Why does a theory ever fail, though it may be sound
in reasoning? It can only do so because every
problem involves a much larger number of conditions
than those which the investigator can take into
account. He therefore rejects those which he believes
to be unessential, and if his judgment is at fault he
goes wrong. But the practical man will often fail for
the same reason. When not supported by theoretical
knowledge he generalises the result of an observation
or experiment, applying it to cases where the result
is determined by an altogether different set of con-
ditions. To be infallible the theorist would have to
take account of an infinite number of circumstances,
and his calculations would become unmanageable,
while the experimenter would have to perform an
infinite number of experiments, and both would only
be able to draw correct conclusions after an infinite
lapse of time. They have to trust their intuition in
selecting what can be omitted with impunity, and,
if they fail, it is mainly due to the same defect of
judgment. And so it is in all professions: failure
results from the omission of essential considerations
which change the venue of the problem.

Though theory and practice can only come into
opposition when one of them is at fault, there is
undoubtedly a contrast in character and temperament
between those who incline more towards the one and
those who prefer the other aspect; some like a
solitary life at the desk, while others enjoy being
brought into contact with their fellows. There have at all
times been men predestined by nature to be leaders, and
leadership is required in all branches of knowledge—
the theoretical as well as the more active pursuits; but
we must guard against accepting a man’s estimate
of his own power to convert his thoughts into acts.
In the ordinary affairs of life a man who calls himself
a man of action is frequently only one who cannot
give any reasons for his actions. To claim that title
justly a man must act deliberately, have confidence
in his own judgment, sufficient tenacity of purpose to
carry it through, and sufficient courage to run the
unavoidable risks of possible failure. These risks may
be trivial or they may be all-important. They may
affect the reputation of one unit of creation or involve
the whole life of a nation, and according to the great-
ness of the issue we shall honour the man who, having
taken the risk, succeeds. But whether the scale be
microscopic or interstellar, the essence of the faculty
of blending theory and practice is the same, and both
men of books and men of action are to be found in
the philosopher’s study and the laboratory, as well as
in the workshop or on the battlefield. Modern science
began, not at the date of this or that discovery, but
on the day that Galileo decided to publish his Dialogues
in the language of his nation. This was a deliberate
act destined to change the whole aspect of science
which, ceasing to be the occupation of a privileged
class, became the property of the community. Can
you, therefore, deny the claim of being a man of
action to Galileo, can you deny it to Pasteur, Kelvin,
Lister, and a host of others? There are, no doubt,
philosophers who cannot manage even their own
affairs, and whom it would be correct to call pure
theorists, but that proves nothing, because their defect
malkes them worse philosophers as well as worse
citizens.

In his presidential address, delivered to this
Association in 1899, Sir Michael Foster summarised
the essential features of the scientific mind. Above
all other things he considered that its nature should
be such as to vibrate in unison with what it is in
search of; further, it must possess alertness, and
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finally moral courage. Yet after enumerating these
qualities, he arrives at the same result which I have
tried to place before you, that there are no special
peculiarities inherent in the scientific mind, and he
expresses this conclusion in the following words :—

*“But, I hear someone say, these qualities are not
the peculiar attributes of the man of science, they may
be recognised as belonging to almost everyone who
has commanded or deserved success, whatever may
have been his walk in life.  That is so. That is
exactly what I would desire to insist, that the men
of science have no peculiar virtues, no special
powers. They are ordinary men, their characters are
common, even commonplace. Science, as Huxley
said, is organised common-sense, and men of science
are common men drilled in the ways of common-
sense.”’

This saying of Huxley’s has been repeated so often
that one almost wishes it were true, but unfortunately
I cannot find a definition of common-sense that fits
the phrase. Sometimes the word is used as if it were
identical with wuncommon sense, sometimes as if it
were the same thing as common nonsense. Often it
means untrained intelligence, and in its best aspect it
is, I think, that faculty which recognises that the
obvious solution of a problem is frequently the right
one. When, for instance, I see, during a total solar
eclipse, red flames shooting out from the edge of the
sun, the obvious explanation is that these are real
phenomena caused by masses of glowing vapours
ejected from the sun; and when a learned friend tells
me that all this is an optical illusion due to anomalous
refraction, I object on the ground that the explanation
violates my common-sense. He replies by giving me
the reasons which have led him to his conclusions,
and, though I still believe that I am right, I have
to meet him with a more substantial reply than an
appeal to my own convictions. Against a solid argu-
ment common-sense has no power and must remain
a useful but fallible guide which both leads and mis-
leads all classes of the community alike.®

If we must avoid assuming special intellectual
qualities when we speak of groups of men within
one country, we ought to be doubly careful not to do
so without good reason in comparing different
nations. So-called national characteristics are in
many cases matters of education and training; and,
if T select one as an example, it is because it figures
so largely in public discussions at the present moment.
I refer to that expedient for combining individual
efforts which goes by the name of organisation. An
efficient organisation requires a head that directs and
a body that obeys; it works mainly through discipline,
which is its most essential attribute. Every institu-
tion, every factory, every business establishment is
a complicated organism, and no country ever came to
prominence in any walk of life unless it possessed
the ability to provide for the efficient working of such
organisms. To say that a nation which has acquired
and maintained an empire, and which conducts a large
trade in every part of the world, is deficient in
organising power-is therefore an absurdity. Much of
the current self-depreciation in this respect is due to
the confusion of what constitutes a true organisation
with that modification of it which to a great extent
casts aside discipline and substitutes co-operation.
Though much may be accomplished by co-operation,
it is full of danger in an emergency, for it can only
work if it be loyally adhered to; otherwise it resembles
a six-cylinder motor in which every sparking-plug
is allowed to fix its own time of firing. Things go

6 Since writing the abeve, I find on reading Prof. J. A. Thomson’s
“ Introduction to Science’ a similar criticism of Huxley’s dictum. Prof.
Thomson’s general conclusions are not, however, in agreement with those
here advocated.
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well so long as the plugs agree; but there is nearly
always one among them that persists in taking an
independent course and, when the machine stops,
complains that the driver is inefficient. The cry for
organisation, justifiable as it no doubt often is, re-
solves itself, therefore, into a cry for increased dis-
cipline, by which I do not mean the discipline enforced
at the point of the bayonet, but that voluntarily
accepted by the individual who subordinates his own
convictions to the will of a properly constituted
authority.

This discipline is not an inborn quality which
belongs more to one nation than to another; it is
acquired by ecucation and training. In an emergency,
it is essential to success, but if it be made the guiding
principle of a nation’s activity, it carries dangers
with it which are greater than the benefits conferred
by the increased facility for advance in some direc-
tions.

If there be no fundamental difference in the mental
qualifications which lead to success in our different
occupations, there is also none in the ideals which
move us in childhood, maintain us through the diffi-
culties of our manhood, and give us peace in old age.
I am not speaking now of those ideals which may
simultaneously incite a whole nation to combined
action through religious fervour or ambition of power,
but I am speaking of those more individual ideals
which make us choose our professions and give us
pleasure in the performance of our duties.

Why does a scientific man find satisfaction in study-
ing Nature?

Let me once more quote Poincaré?:—

“The student does not study Nature because that
study is useful, but because it gives him pleasure,
and it gives him pleasure because Nature is beautiful ;
if it were not beautiful it would not be worth knowing
and life would not be worth living. 1 am not speak-
ing, be it understood, of the beauty of its outward
appearance—not that I despise it, far from it, but
it has nothing to do with science: I mean that more
intimate beauty which depends on the harmony in
the order of the component parts of Nature. This
is the beauty which a pure intelligence can appreciate
and which gives substance and form to the scintillat-
ing impressions that charm our senses. Without this
intellectual support the beauty of the fugitive dreams
inspired by sensual impressions could only be im-
perfect, because it would be indecisive and always
vanishing. It is this intellectual and self-sufficing
beauty, perhaps more than the future welfare of
humanity, that impels the scientific man to condemn
himself to long and tedious studies. And the same
search for the sense of harmony in the world leads
us to select the facts in Nature which can most suit-
ably enhance it, just as the artist chooses among
the features of his model those that make the portrait
and give it character and life. There need be no fear
that this instinctive and unconscious motive should
tempt the man of science away from the truth, for the
real world is far more beautiful than any vision of
his dreams. The greatest artists that ever lived—the
Greeks—constructed a heaven, yet how paltry that
heaven is compared to ours! And it is because sim-
plicity and grandeur are beautiful that we select by
preference the simplest and grandest facts, and find
our highest pleasure, sometimes in following the
gigantic orbits of the stars, sometimes in the micro-
scopic study of that minuteness which also is a
grandeur, and sometimes in piercing the secrets of
geological times which attract us because they are
remote. And we see that the cult of the beautiful guides
us to the same goal as the study of the useful.”

7. Loc: citey P 25
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““Whence comes this harmony? Is it that things
that appear to us as beautiful are simply those which
adapt themselves best to our intelligence, and are
therefore the tools which that intelligence handles
most easily; or is it all the play of evolution and
natural selection? In that case, those races only
survived whose ideals best conformed with their
interests, and while all nations pursued their ideals
without regard to consequences, some were led to
perdition and others achieved an empire. One is
tempted to believe that such has been the course of
history, and that the Greeks triumphed over the bar-
barians, and Europe, inheritor of Greek thought,
rules the world, because the savages cared only .for
the sensual enjoyment of garish colours and the
blatant noise of the drum, while the Greeks loved the
intellectual beauty which is hidden beneath the visible
beauty. It is that higher beauty which produces a
clear and strong intelligence.”” If the mathematician’s
imagination is fired by the beauty and symmetry of
his methods, if the moving spring of his action is
identical with that of the artist, how much truer is
this of the man of science who tries by well-designed
experiments to reveal the hidden harmonies of Nature?
Nor would it be difficult, I think, to trace the grati-
fication inherent in the successful accomplishments of
other intellectual pursuits to the same source.

Though Poincaré was, I believe, the first to lay
stress on the connection between the search for the
beautiful and the achievement of the useful, the
@sthetic value of the study of science had previously
been pointed out, and well illustrated, by Karl Pearson
in his ‘“ Grammar of Science.” As expressed by him :
Tt is this continual gratification of the zesthetic judg-
ment which is one of the chief delights of pure
science.” Before we advance, however, any special
claim for the pursuit of science based on these con-
siderations, we must pause to think whether they do
not equally apply to other studies or occupations. For
this purpose, the nature of the aesthetic enjoyment in-
volved must be remembered. We do not mean by
it, the pleasure we feel in the mere contemplation of
an impressive landscape or natural beauty, but it
resembles more the enjoyment experienced on looking
at a picture where, apart from the sensual pleasure
we are affected by the relation between the result of
the representation and that which is represented. The
picture, quite apart from what it may be trying to
imitate, has a certain beauty due to its contrast of
colours or well-balanced arrangement. We have in
one case a number of pigments covering a space of
two dimensions, and in the other the natural object
in three dimensions made up of entirely different
materials and showing an infinite variety of detail and
appearance. By itself alone either a mere photo-
graphic representation, or a geometrical arrangement
of colour and line, leaves most of us cold; though both
have their own particular beauty, the art consists in
bringing them into connection. Bearing in mind the
@sthetic value of the relationship of the work of our
brain or hand to external facts or appearances, it might
easily be shown that what has been said of science
equally applies to other studies, such as history or
literature. We may even go further, and say that
any occupation whatever, from which we can derive
an intellectual pleasure, must possess to a greater or
smaller degree the elements of combining the useful
with the beautiful.

In order to trace in detail the part played by purely
emotional instincts in directing the course of our
lives, we should have to study the causes which in-
fluence a child, free to select his future profession.
Having eliminated secondary efforts, such as early
associations, or the personal influence of an inspiring
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.ticular moral or psychological theory.

teacher, we should probably be brought to a stand-
still by the dearth of material at our disposal, or led
into error by taking our own individual recollections
as typical. Nevertheless it is only through the record
of each man’s experience that we may hope to arrive
at a result. If every man who has reached a certain
recognised position in his own subject—it need not
be pre-eminence—would write down his own recollec-
tions of what led him to make the choice of his pro-
fession, we might hope to obtain facts on which a
useful psychological study might be based. Scientific
men as a class are not modest, but they share with
other classes the reluctance to speak of their early
life, owing to a certain shyness to disclose early
ambitions which have not been realised. It requires
courage to overcome that shyness, but I think that we
need feel no shame in revealing the dreams of our
childhood and holding fast to them despite the bond-
age of our weakness, despite the strife ending so
often in defeat, despite all the obstacles which the
struggle for existence has placed in our path. In
some form they should persist throughout our lives
and sustain us in our old age.

But the account of our early life should be simple,
detached from any motives of self-depreciation or self-
assertion, and free from any desire to push any par-
We want to
trace the dawn of ambition, the first glimmering in
the child’s mind that there is something that he can
do better than his fellows and reminiscences of early
likes and dislikes which, though apparently discon-
nected from maturer tendencies, may serve as indica-
tions of a deep-seated purpose in life. It may be
difficult to resist the temptation of trying to justify
one’s reputation in the eyes of the world; but it is
worth making the effort. The only example that I
know of such an autobiographical sketch is that of
Darwin, which is contained in his ‘‘ Life and Letters,”
published by his son, Sir Francis Darwin.

The ambition of a child to be better, cleverer, or
more beautiful than its fellows is in the main, I
think, a wish to please and to be praised. As the
child grows up, the ambition becomes more definite.
It is not a sordid ambition for ultimate wealth or
power, nor is it an altruistic ambition to do good for
the sake of doing good. Occasionally it takes the
form confessed to by Darwin, when he says: ‘“As a
child T was much given to inventing deliberate false-
hoods, and this was always done for the sake of
causing excitement.”” This desire to be conspicuous
was, in Darwin’s case, consistent with extreme
modesty, amounting almost to a want of confidence
in himself, as appears in this passage: ‘I remember
one of my sporting friends, Turner, who saw me at
work with my beetles, saying that I should some day
be a Fellow of the Royal Society, and this notion
seemed to me to be preposterous.”

We next come to the stage where a child is attracted
by one subject more than another, and, if his choice
be free, will select it for his life’s career. What guides
him in this choice? If it be said that a boy gravi-
tates towards that subject which he finds easiest, we
are led to the further question, why does he find it
easiest? It is on this point that more information
is required, but I am inclined to answer in accord-
ance with Poincaré’s views that it is because its
particular beauty appeals most strongly to his emo-
tional senses. In questions of this kind everyone
must form his own conclusions according to his per-
sonal recollections, and these convince me that the
emotional factor appears already at an early age. It
is the strong attraction towards particular forms of
reasoning, more perhaps even than the facility with
which reasoning comes, that carries us over the initial
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-difficulties and the drudgery that must accompany
every serious study. ! ;

I have already alluded to the different tendencies of
individuals either to prefer solitary reflection or to
seek companionship. Almost in every profession we
find men of both types. Darwin’s autobiography
furnishes a good example of the man who prefers to
learn through quiet reading rather than through
lectures, but to many men of science the spoken word
is inspiring and contact with congenial minds almost
a necessity.

From our present point of view the most interesting
passages in Darwin’s autobiography are those in-
dicating the aesthetic feeling which, like Poincaré, he
connects with scientific research. Referring to his
early studies we find this passage: ‘“I was taught
by a private tutor, and I distinctly remember the in-
tense satisfaction which the clear geometrical proofs
gave me. I remember with equal distinctness the
‘delight which my uncle gave me by explaining the
principle of the vernier of a barometer.” To a man
who apparently had no pronounced facility of master-
ing mathematical difficulties this feeling of satisfac-
tion is especially remarkable. The combination of
scientific ability with leanings either to music, or art,
-or poetry, is very common, and examples are to be
found in almost every biography of men of science.
It is difficult indeed to name an eminent scientific
man who has not strong leanings towards some artistic
recreation : we find the poetic vein in Maxwell and
Sylvester, the musical talent in Helmholtz and Ray-
leigh, and the enthusiastic though amateurish pictorial
- efforts of less important men. That the similarities
are to be found also in temperament may be noticed
on reading Arnold Bennett’s article on ‘“The Artist
and the Public,” ® where many passages will be seen
to be applicable to students of science as well as to
writers of fiction.

If we look for distinctions between different indi-
viduals, we may find one in their leanings either
towards the larger aspects of a question or
the microscopic study of detail. The power of
focussing simultaneously the wider view and the
minute observation is perhaps the most characteristic
attribute of those who reach the highest eminence
in any profession, but the great majority of men have
a notable predilection for the one or other side.
Though it is indispensable for a scientific man to
study the details of the particular problem he is trying
to solve, there are many who will lose interest in it
as soon as they believe they can see a clear way
through the difficulties without following up their
solution to its utmost limits. To them detail, as
such, has no interest, and they will open and shut
a door a hundred times a day without being even
tempted to inquire into the inner working of the lock
and latch.

There is only one feature in the operation of the
intelligence by means of which a sharp division may
possibly be drawn between brain-workers showing
special capabilities in different subjects. In some per-
sons thought attaches itself mainly to language, in
others to visualised images, and herein lies perhaps
the distinction between the literary and scientific gift.
Those who, owing to external circumstances, have
resided in different countries are sometimes asked
in what language they think. Speaking for myself,
I have always been obliged to answer that, so far as
I can tell, thought is not connected with any language
at all. The planning of an experiment or even the
critical examination of a theory is to me entirely a
matter of mental imagery, and hence the experience,
which I think many scientific men must have shared,

8 English Review, October, 1913.
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that the conversion of thought into language, which
is necessary when we wish to communicate its results
to others, presents not only the ordinary difficulties of
translation, but reveals faults in the perfection or
sequence of the images. Only when the logic of
words finally coincides with the logic of images do
we attain that feeling of confidence which makes us
certain that our results are correct.

A more detailed examination of the instinctive pre-
dilections of a child would, I think, confirm Poincaré’s
conclusion that a decided preference for one subject
is in the main due to an unconscious appeal to his
emotions. It should be remembered, however, that
the second step of Poincaré’s philosophy is as impor-
tant as the first. The mere emotional impulse would
die out quickly, if it were not supplemented by
the gratification experienced on discovering that
the search for the beautiful leads us to results which
satisfy our intellect as well as our emotions. There
may still be bifurcations in the second portion of the
road. Some may rest content with achieving some-
thing that supplies the material needs of humanity,
others may be inspired to search for the deeper mean-
ing of our existence.

There remains, therefore, some justification for the
question why we persist in studying science apart
from the mere intellectual pleasure it gives us. It
was once a popular fallacy to assume that the laws of
nature constituted an explanation of the phenomena
to which they applied, and people then attached im-
portance to the belief that we could gauge the mind
of the Creator by means of the laws which govern
the material world, just as we might trace the purpose
of a human legislator in an Act of Parliament. As
this archaic interpretation was abandoned, philoso-
phers went, in accordance with what politicians call
the swing of the pendulum, to the other extreme.
We can explain nothing, they said—in fact, we can
know nothing—all we can do is to record facts. This
modesty was impressive and it became popular. I
know, at any rate, one scientific man who has acquired
a great reputation for wisdom by repeating sufficiently
often that he knows nothing, and, though his judg-
ment may be true, this frame of mind is not inspiring.
As a corrective to the older visionary claims, which
centred round the meaning of the word *‘explain,”
the view that the first task of science is to record facts
has no doubt had a good influence. Kirchhoff laid
it down definitely that the object of science is to
describe nature, but he did not thereby mean that it
should be confined to recording detached observations;
this would be the dullest and most unscientific pro-
cedure. Description, in the sense in which Kirchhoff
uses it, consists in forming a comprehensive statement
gathering together what, until then, was only a dis-
connected jumble of facts. Thus the apparently quite
irregular motions of the planets, as observed from the
earth, were first collected in tabular form. This was
a necessary preliminary, but was not in itself a scien-
tific investigation. Next came Kepler, who by means
of three laws summed up the facts in their main
outlines, and the description then took a more refined
form, substituting half a page of printing for volumes
of observations. Finally, Newton succeeded in pre-
dicting the planetary movements on the assumption
of a gravitational attraction between all elements of
matter. According to Kirchhoff, the chief merit of
this discovery would lie in its condensing Kepler’s
three laws into one hypothesis. This point of view
is not necessarily opposed to that of Poincaré, because
it is exactly the simplicity of Newton’s explanation
that appeals most strongly to our @esthetic sense, but
there is an important difference in the manner of
expression. However beautiful an idea may be, it
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loses “its effect by being placed before us in an un-
attractive form. This criticism also applies to Mach,
according to whom the - object of science is to
economise thought, just as it is the object of a machine
to economise effort. Logically, this definition is
justified, and it may be the best that can be given,
if we prefer using a technical expression to confessing
an emotional feeling. But why should we do so? Is
it not better to recognise that human intelligence is
affected by sentiment as much as by reasoning? It
is a mistake for scientific men to dissociate themselves
from the rest of humanity, by placing their motives
on a different, and, at the best, only superficially
higher, level. When an adventurous spirit, for in-
stance, desires to organise an expedition to unknown
regions of the world, we try to induce our Govern-
ments to provide the necessary funds by persuading
them, and incidentally ourselves, that we do so because
important scientific results may be expected from the
expedition. This .may actually be the case, but we
are mainly affected by the same motives as the rest
of the community; if the truth be told, we are as
curious as others to know what every corner of the
earth looks like, and we join them in wishing to
encourage an enterprise requiring perseverance and
involving danger.

I fully realise that the wish to justify one’s own
work in the eyes of the world will always lead to
fresh attempts to find a formula expressing the objects
which we desire to attain. Enough, however, has
been said to show that the definition must take account
of sentiment, without insisting too much upon it. Nor
can we hope, in view of the variety of intellectual and
emotional pleasures which combine to create the charm
of science, to include all points of view, but if I were
forced to make a choice I should say that the object
of science is to predict the future. The wish to know
what lies before us is one of the oldest and most
enduring desires of human nature; often, no doubt,
it has degenerated and given rise to perverted and
ignoble longings, but its accomplishment, when it can
be achieved by legitimate inquiry, is a source of the
purest and most satisfying enjoyment that science
can give. We feel that enjoyment each time we repeat
an old and perhaps hackneyed experiment. The result
is known beforehand, but be it only that we expect
the colour of a chemical precipitate to be green or
yellow, be it only that we expect a spot of light to
move to the right or left, there is always a little
tremor of excitement at the critical moment, and a
satisfying feeling of pleasure when our expectation
has been realised. That pleasure is, I think, enhanced
when the experiment is not of our own making, but
takes place uncontrolled by human power. In one of
Heine’s little verses he makes light of the tears of
a young lady who is moved by the setting sun. ‘‘Be
of good cheer,” the poet consoles her, *‘this is only
the ordinary succession of events; the sun sets in the
evening and rises in the morning.” If Heine had
been a man of science, he would have known that
the lady’s tears found a higher justification in the
thought of the immutable and inexorable regularity of
the sun’s rising and setting than in the fugitive
colour impression of his descent below the horizon,
and that her emotions ought to be intensified rather
than allayed by the thought of his resurrection in the
morning—everybody’s life contains a few unforgettable
moments which, at quite unexpected times, will vividly
rise in his mind, and there are probably some in this
hall who have experienced such moments at the begin-
ning of a total eclipse of the sun. They have probably
travelled far, and gone through months of prepara-
tion, for an event which only lasts a few minutes.
The time of first contact is approaching, in a few
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seconds the moon is about to make its first incision
in the solar disc, and now the observer’s thoughts
come crowding together. What if there were a mis-
take in our calculations? What if we had chosen a
spot a few miles too far north or too far south?
What if the laws of gravitation were ever so little at
fault? But now at the predicted time, at the calcu-
lated spot on the sun’s edge, the dark moon becomes
visible, and the feeling of relief experienced concen-
trates into one tense instant all the gratitude we owe
those who have given precision to the predictions of
celestial movements, leaving them expressible by a
simple law which can be written down in two lines.
It is this simplicity of the law of gravitation, and its
accuracy, which some day may show limitations, but
has hitherto withstood all tests, that gives to astronomy
its pre-eminence over all sciences.

Indeed, if we classify the different sections ‘into
which science may be divided, I think it may be said
that their aim, in so far as it is not purely utilitarian,
is always either historic or prophetic; and to the
mathematician, history is only prophecy pursued in
the negative direction. It is no argument against my
definition of the objects of science, that a large section
of its subdivisions has been, and to some extent still
is, mainly occupied with the discovery and classifica-
tion of facts; because such classification can only be
a first step, preparing the way for a correlation into
which the element of time must enter, and which
therefore ultimately must depend either on history or
prophecy.

Latterly men of science, and in particular physicists,
have given increased attention to the intrinsic mean-
ing of the concepts by means of which we express
the facts of nature. Everything—who can deny it?—
is ultimately reduced to sense impressions, and it has
therefore been asserted that science is the study of the
mind rather than of the outside world, the very exist-
ence of which may be denied. The physicist has thus
invaded the realm of philosophy and metaphysics, and
even claims that kingdom as his own. - Two effects
of these efforts, a paralysing pessimism and an obscure
vagueness of expression, if not of thought, seriously
threatened a few years ago to retard the healthy pro-
gress of the study of nature. If the outside world
were only a dream, if we never could know what
really lies behind it, the incentive which has moved
those whose names stand out as landmarks in science
is destroyed, and it is replaced by what? By a
formula which only appeals to a few spirits entirely
detached from the world in which they live. Meta-
physicians and physicists will continue to look upon
science from different points of view, and need not
resent mutual criticisms of each other’s methods or
conclusions. For we must remember that most of the
good that is done in this world is done by meddling
with other people’s affairs, and though the inter-
ference is always irritating and frequently futile, it
proves after all that our interests converge towards
a common centre.

According to Poincaré, the pleasure which the study
of science confers consists in. its power of uniting the
beautiful and the useful; but it would be wrong to
adopt this formula as a definition of the object of
science, because it applies with equal force to all
human studies. I go further, and say that the com-
bination of the search for the beautiful with the
achievement of the useful is the common interest of
science and humanity. Some of us may tend more
in one direction, some in another, but there must
always remain a feeling of imperfection and only
partial satisfaction unless we can unite the two funda-
mental desires of human nature.

I have warned you at the beginning of this discourse
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not to beat the utilitarian drum too loudly, and I have
laid stress throughout on the idealistic side, though
the most compelling events of the moment seem to
drive us in the other direction, and the near future will
press the needs of material prosperity strongly upon
us. I must guard myself, therefore, against one criti-
cism which the trend of my remarks may invite. At
times, when the struggle for existence keeps masses
in permanent bondage, in a society in which a multi-
tude of men and women have to face starvation, and
when unfortunate, though purely accidental, surround-
ings in childhood drive the weak into misery, is it
not futile to speak of aesthetic motives? Am I not,
while endeavouring to find a common bond between
all sections of the community, in reality drawing a
ring round a small and privileged leisured -class,
telling them these enjoyments are for you and for
you alone? Should I not have found a surer ground
for the claims of science in its daily increasing neces-
.sity for the success of our manufactures and com-
merce ?

I have said nothing to indicate that I do not put
the highest value on this important function of science,
which finds its noblest task in surrendering the rich-
ness of its achievements to the use of humanity. But
I must ask you to reflect whether the achievement of
wealth and power, to the exclusion of higher aims,
can lead to more than a superficial prosperity which
passes away, because it carries the virus of its own
doom within it. Do we not find in the worship of
material success the seed of the pernicious ambition
which has maddened a nation, and plunged Europe
into war? Is this contempt for all idealistic purposes
not the origin of the mischievous doctrine that the
power to possess confers the right to possess, and that
possession is desirable in itself without regard to the
use which is made of it? I must therefore insist that
if we delight in enlisting the wealth accumulated in the
earth, and all the power stored in the orbs of heaven,
or in the orbits of atomic structure, it should not be
because we place material wealth above intellectual
enjoyment, but rather because we experience a double
pleasure if the efforts of the mind contribute to the
welfare of the nation. When Joule taught us to utilise
the powers at our disposal to the best advantage he
did it not—and his- whole life is a proof of it—to
increase either his own wealth or that of the nation,
but because, brought up in commercial life and deeply
imbued with the deep insight and genius of science,
he found his greatest delight in that very combination
of zesthetic satisfaction and useful achievement which

Poincaré has so well described. And again, when.

another of our fellow-citizens, Henry Wilde, showed
how electrical power can be accumulated until it
became an efficient instrument for the economic trans-
mission of work, he found his inspiration in the intel-
lectual gratification it gave him, rather than in the
expectation of material gain. I am drawing no ring
round a privileged class, but urge that the hunger
for intellectual enjoyment is universal, and everybody
should be given the opportunity and leisure of appeas-
ing it. The duty to work, the right to live, and the
leisure to think are the three prime necessities of our
existence, and when one of them fails we only live
an incomplete life,

1 should have no difficulty in illustrating by
examples, drawn from personal experience, the power
which the revelations of science can exert over a
community steeped in the petty conflicts of ordinary
life; but T must bring these remarks to a conclusion,
and content myself with the account of one incident.

An American friend, who possessed a powerful tele-
scope, one night received the visit of an ardent poli-
tician. It was the time of a Presidential election,
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Bryan and Taft being the opposing candidates, and
feeling ran high. After looking at clusters of stars
and other celestial objects, and having received answers
to his various questions, the visitor turned to my
friend :—

*“And all these stars I see,” he asked, ‘‘ what space
in the heaven do they occupy?”

‘“About the area of the moon.”

“And you tell me that every one of them is a sun
like our own?”

e Yes.1’

“And that each of them may have a number of
planets circulating round them like our sun?”

e Yes.Vl

““And that there may be life on each .of these
planets? "

“We cannot tell that, but it is quite possible that
there may be life on many of them.”

And after pondering for some time, the politician
rose and said : ‘It does not matter after all whether
Taft or Bryan gets in.”

Happy were the times when it could be said with
truth that the strife of politics counted as nothing
before the silent display of the heavens. Mightier
issues are at stake to-day: for in the struggle which
convulses the world, all intellectual pursuits are vitally
affected, and science gladly gives all the power she
wields to the service of the State. Sorrowfully she
covers her face because that power, acquired through
the noblest efforts of the sons of all nations, was
never meant for death and destruction; gladly she
helps, because a war wantonly provoked threatens
civilisation, and only through victory shall we achieve
a peace in which once more science can hold up her
head, proud of her strength to preserve the intellectual
freedom which is worth more than material prosperity, .
to defeat the spirit of evil that destroys the sense of
brotherhood among nations, and to spread the love
of truth.

SECTION A.
MATHEMATICS AND PHYSICS.

OPENING ADDRESS (SLIGHTLY ABRIDGED) BY Sir F. W.
Dyson, M.A., LL.D., F.R.S., PRESIDENT OF THE
SECTION.

ALTHOUGH at the present time our minds are largely
absorbed by the war, the meeting of the British Asso-
ciation in Manchester indicates that we consider it
right to make our annual review of scientific progress.
I shall therefore make no apology for choosing the
same subject for my address as I should have chosen
in other circumstances. It is a subject far removed
from war, being an account of the manner in which
astronomers have with telescopes and spectroscopes
investigated the skies and the conclusions they have
reached on what Herschel called *“The Construction
of the Heavens.”

Our knowledge of the fixed stars, as they were called
by the old astronomers, is of comparatively recent
origin, and is derived from two sources: (1) the
measurement of small changes in the positions of the
stars in the sky, and (2) the analysis of the light
received from them and the measurement of its
amount. To this end the numerous instruments of a
modern observatory have been devised. The desire to
examine fainter objects, and still more the necessity
of increasing the accuracy of observations, has brought
about a continuous improvement in the range and
accuracy of astronomical instruments.  Methods
which had been perfected for observations of a few
stars have been extended so that they can be applied
to a large number. For these reasons the progress
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of sidereal astronomy may seem to have gone on
slowly for a time. The more rapid progress of recent
years arises from the accumulation of data, for which
we are indebted to generations of astronomers, and
from the gradual increase in power and perfection of
our instruments.

The first insight into the stars as a whole naturally
came from the survey of their numbers and distribu-
tion; and Herschel, who constructed the first great
telescopes, explored the heavens with untiring skill
and energy, and speculated boldly on his observations,
is justly regarded as the founder of sidereal astronomy.
In his great paper “On the Construction of the
Heavens,” Herschel gives the rules by which he was
guided, which I should like to quote, as they may well
serve as a motto to all who are engaged in the ob-
servational sciences :— :

“But first let me mention that if we would hope to
make any progress in an investigation of this delicate
nature we ought to avoid two opposite extremes of
which I can hardly say which is the most dangerous.
If we indulge a fanciful imagination and build worlds
of our own, we must not wonder at our going wide
from the path of truth and nature; but these will
vanish like the Cartesian vortices, that soon gave way
when better theories were offered. On the other hand,
if we add observation to observation, without attempt-
ing to draw not only certain conclusions but also con-
jectural views from them, we offend against the very
end for which only observations ought to be made.
I will endeavour to keep a proper medium; but if I
should deviate from that I could wish not to fall into
the latter error.” In this spirit he discussed the ‘‘ star
gauges ”’ or counts of stars visible with his great re-
flector in different parts of the sky, and concluded
from them that the stars form a cluster which stretches
to an unknown but finite distance, considerably greater
in the plane of the Milky Way than in the per-
pendicular direction. He gave this distance as 497
times that of Sirius. He did not hesitate to advance
the theory that some of the nebule were similar
clusters of stars, of which that in Andromeda, judging
from its size, was the nearest. Herschel had no
means of telling the scale of the sidereal system,
though he probably supposed the parallax of Sirius
to be of the order of 1”.

Though some of the assumptions made by Herschel
are open to criticism, the result at which he arrived
is correct in its general outline. I shall attempt to
give a brief account of some of the principal methods
used to obtain more definite knowledge of the extent
and constitution of this “island universe.”” The stars
of which most is known are, in general, those nearest
to us. If the distance of a star has been measured, its
co-ordinates, velocity perpendicular to the line of sight,
and luminosity are easily found. In the case of a
double star the orbit of which is known the mass may
also be determined. But only a very small proportion
of the stars are sufficiently near for the distance to be
determinable with any accuracy. Taking the distance
corresponding to a parallax of 1” or the parsec as
unit—i.e. 200,000 times the distance of the earth from
the sun—fairly accurate determinations can be made
up to a distance of 25 parsecs, but only rough ones
for greater distances.

For much greater distances average results are ob-
tainable from proper motions, and the mean distances
of particular classes of stars—for instance, stars of a
given magnitude or given type of spectrum—can be
found with confidence up to a distance of 500 parsecs,
and with considerable uncertainty to twice this dis-
tance. The density of stars in space as a function of
the distance, the percentage of stars within different
limits of luminosity, the general trend of the move-
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ments of stars and their average velocities can also be
found, within the same limits of distance.

For all distances, provided the star is sufficiently
bright, its velocity to or from the earth can be
measured. The general consideration of these veloci-
ties supplies complementary data which cannot be ob-
tained from proper motions, and confirms other results
obtained by their means. For distances greater than
1000 parsecs our knowledge is generally very vague.
We have to rely on what can be learned from the
amount and colour of the light of the stars, and from
their numbers in different parts of the sky.

Parallax.

Let us begin with the portion of space nearest to
us, within which the parallaxes of stars are determin-
able. The successful determination of stellar parallax
by Bessel, Struve, and Henderson in 1838 was a land-
mark in sidereal astronomy. The distances of three
separate stars were successfully measured, and for the
first time the sounding line which astronomers had for
centuries been throwing into space touched bottom.
The employment of the heliometer which Bessel intro-
duced was the main source of our knowledge of the
distances of stars until the end of the nineteenth
century, and resulted in fairly satisfactory determina-
tion of the parallaxes of nearly one hundred stars.
For the part of space nearest to us this survey is
sufficiently complete for us to infer the average dis-
tances of the stars from one another—2} to 3 parsecs.
The parallax determinations of double stars of known
orbits lead to the result that the masses of stars have
not a very great range, but lie between forty times and
one-tenth of the mass of the sun.

When the absolute luminosities of the stars the dis-
tances of which have been measured are calculated, it
is found that, unlike the masses, they exhibit a very
great range. For example, Sirius radiates forty-eight
times as much light as the sun, and Groombridge 34
only one-hundredth part. This does not represent
anything like the complete range, and Canopus, for
example, may be ten thousand times as luminous as
the sun. But among the stars near the solar system,
the absolute luminosity appears to vary with the type
of spectrum. Thus Sirius, of type A, a blue hydrogen
star, is forty-eight times as luminous as the sun; Pro-
cyon of type Fs—bluer than the sun, but not so blue
as Sirius—ten times; o Centauri, which is nearly of
solar type, is twice as luminous. 61 Cygni of type
Ks—redder than the sun—one-tenth as Iuminous;
while the still redder star of type Ma, Gr 34, is only
one-hundredth as luminous. In the neighbourhood of
the solar system one-third of the stars are more
luminous and two-thirds less luminous than the sun.
The luminosity decreases as the type of spectrum
changes from A to M, i.e. from the blue stars to the
red stars.

These three results as to the density in space, the
mass, and the luminosity have been derived from a
very small number of stars. They show the great
value of accurate determinations of stellar parallax.
So soon as the parallax is known, all the other
observational data are immediately utilisable. At the
commencement of the present century the parallaxes
of perhaps eighty stars were known with tolerable
accuracy. Happily the number is now rapidly increas-
ing by the use of photographic methods. Within the
last year or two, the parallaxes of nearly two hundred
stars have been determined and published. This vear
a committeee of the American Astronomical Society,
under the presidency of Prof. Schlesinger, has been
formed to co-ordinate the work of six or seven
American and one or two English observatories. The
combined programme contains 1100 stars, of which
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400 are being measured by more than one observatory.
We may expect results at the rate of two hundred a
year, and may therefore hope for a rapid increase of
our knowledge of the stars within our immediate
neighbourhood.

Velocities in the Line of Sight.

The determination of radial velocities was initiated
by Huggins in the early ’sixties, but trust-
worthy results were not obtained until photographic
methods were introduced by Vogel in 18go. Since, that
time further increase in accuracy has been made, and
the velocity of a bright star with sharp lines is deter-
minable (apart from a systematic error not wholly
explained) with an accuracy of  kilometre per second.
As the average velocities of these stars are between
10 and 20 kilometres a second, the proportional -accu-
racy is of a higher order than can be generally ob-
tained in parallax determinations or in other data
of sidereal astronomy. A number of observatories in
the United States and Europe, as well as in South
America, the Cape, and Canada, are engaged in this
work.  Especially at the Lick Observatory under
Prof. Campbell’s direction, the combination of a large
telescope, a well-designed spectroscope, and excellent
climatic conditions have been utilised to carry out a
bold programme. At that observatory, with an off-
shoot at Cerro San Christobal in Chile, for the ob-
servations of stars in the southern hemisphere, the
velocities of 1200 of the brightest stars in the sky
have been determined. Among the results achieved is
a determination of the direction and amount of the
solar motion.  The direction serves to confirm the
results from proper motions, but the velocity is only
obtainable accurately by this method. This quantity,
which enters as a fundamental constant in nearly all
researches dealing with proper motion, is given by
Campbell at 19-3 kilometres per second, or 41 times
the distance of the earth from the sun per annum,
though there is some uncertainty arising from a
systematic error of unknown origin.

The observations of radial velocities have shown
within what limits the velocities of stars lie and have
given a general idea of their distribution. The most
important -result, and one of a somewhat surprising
character, is that the mean velocities of stars, the
motion of the sun being abstracted, increase with the
type of spectrum. Thus the stars of type B, the
helium stars, the stars of the highest temperature,
have average radial velocities of only 6-3 kilometres
per second ; the hydrogen stars of type A have average
velocities of 11 kilometres per second; the solar stars
of 15 kilometres per second; while for red stars of
types K and M it has increased slightly more to
17 kilometres per second. Further, the few planetary
nebulae—i.e. condensed nebula with bright line spectra
—have average velocities of 23 kilometres per second.
There can be no question of the substantial accuracy
of these results, as they are closely confirmed by dis-
cussions of proper motions. They are, however, very
difficult to understand. On the face of it, there does
not seem any reason why stars of a high temperature
should have specially high velocities. A suggestion
has been thrown out by Dr. Halm that as the helium
stars have greater masses, these results are in accord-
ance with an equi-partition of energy. But the dis-
tances of stars apart is so great that it seems impos-
sible that this could be brought about by their inter-
action. Prof. Eddington suggests that the velocities
may be an indication of the part of space at which
the stars were formed (e.g. stars of small mass in
outlying portions), and represents the kinetic energy
they have acquired in arriving at their present posi-
tions.
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The stars the radial velocities of which have been
determined are, generally speaking, brighter than the
fifth magnitude. Fainter stars are now being observed.
At the Mount Wilson Observatory, Prof. Adams has
determined the velocities of stars of known parallaxes,
as there are great advantages in obtaining complete
data for stars where possible. Extension of line-of-
sight determinations to fainter stars is sure to bring
a harvest of useful results, and a number of great
telescopes are engaged, and others will shortly join
in this important work.

Proper Motions.

As proper motions are determined by the comparison
of the positions of stars at two different epochs, they
get to be known with constantly increasing accuracy
as the time interval increases. The stars visible to
the naked eye in the northern hemisphere were
accurately observed by Bradley in 1755. Many
thousands of observations of faint stars down to about
gom. were made in the first half of the nineteenth
century. An extensive scheme of re-observation was
carried out about 18735 under the auspices of the
Astronomische Gesellschaft. A great deal of re-
observation of stars brighter than the ninth magnitude
has been made this century in connection with the
photographic survey of the heavens. For the bright
stars all available material has been utilised and their
proper motions have been well determined, and for the
fainter stars this is being gradually accomplished.

Proper motions differ widely and irregularly in
amount and direction. Herschel observed a tendency
of a few stars to move towards one point of the sky,
and attributed this sign of regularity to a movement
of the solar system in the opposite direction. But
puzzling differences given by different methods re-
mained unexplained until the difficulty was resolved
by Prof. Kapteyn in a paper read before this section
of the British Association at its meeting in South
Africa ten years ago. He showed that the proper
motions had a general tendency towards two different
points of the sky and not towards one only, as would
be expected if the motions of the stars themselves
were haphazard, but viewed from a point in rapid
motion. He concluded from this that there was a
general tendency of the stars to stream in two opposite
directions. It is interesting to notice that this great
discovery was made by a simple graphical examina-
tion of the proper motions of stars in different regions
of the sky, after the author had spent much time in
examining and criticising the different methods which
had been adopted for the determination of the direction
of the solar motion. The subject was brought into a
clearer and more exact shape bv the analytical formu-
lation given to it by Prof. Eddington, and after him
by Prof. Schwarzschild.

This star-streaming is corroborated by observations
of velocities in the line of sight. It applies—with the
exception of the helium stars—to all stars which are
near enouch for their proper motions to be deter-
minable. We may say with certainty that it extends
to stars at distances of two or three hundred parsecs;
it may extend much further, but I do not think we
have at present much evidence of this. Prof. Turner
pointed out that the convergence of proper motions
did not necessarily imply movements in parallel direc-
tions, and suggested that the star-streams were move-
ments of stars to and from a centre. The agreement
of the radial velocities with the proper motions seems
to me to be opposed to this suggestion, and to show
that star-streaming indicates approximate parallelism
in two opposite directions in the motions of the stars
examined. As the great majority of these stars are
comparatively near to us, it is possible that this
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parallelism is mainly confined to them, and indicates
the general directions of the orbital motions of stars
in the neighbourhood. An attempted explanation on
these lines, as on Prof. Turner’s, implies that the sun
is some distance from the centre of the stellar system.

A discovery of an entirely different character was
made by Prof. Boss in 1908. He spent many years in
constructing a great catalogue giving the most accu-
rate positions and motions of 6200 stars obtainable
from ‘all existing observations. This catalogue, which
was published by the Carnegie Institute, was intended
as a preliminary to a still larger one which would give
the accurate positions and motions of all the stars
down to the seventh magnitude. In the course of this
work Prof. Boss found that forty or fifty stars scat-
tered over a considerable region of the sky near the
constellation Taurus were all moving towards the
same point in the sky and with nearly the same
angular velocity. He inferred that these stars were
all moving in parallel directions with an equal linear
velocity, and the supposition was verified, in the case
of several of them, by the determination of their radial
velocities. From these data he was able to derive the
distance of each star and thus its position in space.
The existence of a large group of stars, separated from
one another by great distances, and all having the
same motion in space, is a very remarkable pheno-
menon. It shows, as was pointed out by Prof. Edding-
ton, how small is the gravitational action of one
star on another, and that the movement of each star
is determined by the total attraction of the whole
mass of the stars. Several other interesting moving
clusters have been found since. For all the stars
belonging to these clusters, the distances have been
found, and from them Iluminosities and velocities of
individual stars, particulars which are generally only
obtainable for stars much nearer to us.

Proper motions are the main source of our know-
ledge of the distances of stars which are beyond the
reach of determination by annual parallax. If a star
were known to be at rest its distance could be calcu-
lated from the shift of its apparent position caused
by the translation of the solar motion. As the solar
system moves 410 times the distance of the earth from
the sun in a century, this gives a displacement of 1”
for a star at the distance of 500 parsecs. This method
has been applied by Kapteyn to determine the dis-
tances of the helium stars, as their velocities are
sufficiently small to be neglected in comparison with
that of the solar system. But generally it is only
possible to find the mean distances of groups of stars
of such size that it may be assumed that the peculiar
motions neutralise one another in the mean. For
example, the average distance of stars of type A, or
stars of the fifth magnitude, or any other group desired
may be found. In this way Kapteyn has found from
the Bradley stars that the mean parallax of stars of
magnitude m is given by the formula

log. 7= —1-108—0:125 m.

In conjunction with another observational law which
expresses the number of stars as a function of the
magnitude, this leads to a determination of the density
of stars in space at different distances from us, and
also of the “luminosity law,” i.e. the percentage of
stars of different absolute brightness. Profs. Seeliger
and Kapteyn have shown in this way that there is a
considerable falling off of star-density as we go further
from the solar system. It seems to me very necessary
that this should be investigated in greater detail for
different parts of the sky separately. A general mathe-
matical solution of general questions which arise in
the treatment of astronomical statistics has been given
by Prof. Schwarzschild. His investigations are of the
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greatest value in showing the exact dependence of
the density, luminosity, and velocity laws on the statis-
tical facts which can be collected from observation.
The many interesting statistical studies which have
been made are liable to be rather bewildering without
the guidance furnished by a general mathematical
survey of the whole position.

When the proper motions are considered in relation
to the spectral types of the stars, the small average
velocities of the hydrogen stars and still smaller ones
of the helium stars found from line-of-sight observa-
tions are confirmed. If stars up to a definite limit
of apparent magnitude, say, to 6-om., or between
certain limits, say 8om. and g-om., are considered,
then the solar stars are found to be much nearer than
either the red or the blue stars. Thus both red and
blue stars must be of greater intrinsic luminosity than
the solar stars. As regards blue stars, this agrees
with results given by parallax observations. But the
red stars appear to consist of two classes, one of great
and one of feeble luminosity, and it does not seem that
a sufficient explanation is given by the fact that a
selection of stars brighter than any given apparent
magnitude will include the very luminous stars which
are at a great distance, but only such stars of feeble
luminosity as are very near.

The significance of these facts was pointed out by
Prof. Hertzsprung and Prof. Russell. They have a
very important bearing on the question of stellar
evolution, a subject for discussion at a later meeting
this week. From the geometrical point of view of my
address these facts are of importance in that they help
to classify the extraordinarily large range found in the
luminosities of stars. Putting the matter somewhat
broadly, the A stars, or hydrogen stars, are on the
average intrinsically 5 magnitudes brighter than the
sun, whilst the range in their magnitudes is such that
half of them are within 2 magnitude of the mean
value. The stars of type M, very red stars, are of two
classes. Some of them are as luminous as the A stars,
and have a similar range about a mean value 5 mag-
nitudes brighter than the sun. Others, on the con-
trary, have a mean intrinsic brightness 5 magnitudes
fainter than the sun and with the same probable
deviation of 3 magnitude. Between the types M and
A there are two classes the distance apart of which
diminishes as the stars become bluer. The facts in
support of this contention are very forcibly presented
by Prof. Russell in Narure in May, 1914. If this
hypothesis is true, and it seems to me there is much
to be said in its favour, then the apparent magnitude
combined with the type of spectrum will give a very
fair approximation to the distances of stars which are
too far away for their proper motions to be determin-
able with accuracy.

In dealing with the proper motions of the brighter
stars, the sky has been considered as a whole. Now
that the direction and amount of the solar motion are
known, we may hope that, as more proper motions
become available, the different parts of the sky will
be studied separately. In this way we shall obtain
more detailed knowledge of the streaming, and also
of the mean distances of stars of different magnitudes
in all parts of the sky, leading to a determination of
how the density of stars in space changes in different
directions. A second line of research which may be
expected to give important results is.in the relation-
ship of proper motions to spectral type. There is in
preparation at Harvard College by Miss Cannon, under
Prof. Pickering’s direction, a catalogue giving the
type of spectrum of every star brighter than the ninth
magnitude. It would be very desirable to determine
the proper motions of all these stars. If all the mate-
rial available is examined it should be possible to do
this to a very large extent.
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Photometry and Colour.

For the more distant parts of the heavens proper
motions are an uncertain guide, and we must depend
on what can be learned from the light of the stars
by means of stellar photometry, determinations of
colour, and studies of stellar spectra. Speaking
generally, we attempt to discover from the nearer stars
sufficient about their intrinsic luminosities to enable
us to use the apparent magnitude as an index of the
distances of the stars which are further away. The
most striking example is found in Prof. Hertzsprung’s
determination of the distance of the small Magellanic
cloud. From a knowledge of the characteristics of
the Cepheid variables found in this cloud by Miss
Leavitt, and their apparent magnitude, he deduced
the distance of the cloud as 10,000 parsecs.

Much attention has been given of late years to
stellar photometry. In 1899 Prof. Pickering published
the Revised Harvard Photometry giving the mag-
nitudes of all stars brighter than 6-5m. In 1907
Messrs. Miiller and Kempf completed a determination
of 14,199 stars of the northern hemisphere brighter
than 7:sm. In 1908 a catalogue of 36,682 stars fainter
than 6:5m. was published at Harvard. These deter-
minations derive additional importance as they give
the means of standardising estimates of magnitude
made by eye, particularly the many thousands of the
Bonn Durchmusterung. j

By the labours of Prof. Pickering and his colleagues
at Harvard, Prof. Schwarzschild, Prof. Parkhurst at
Yerkes, Prof. Seares at Mount Wilson, and others,
the determinations of the magnitudes of stars by photo-
graphy has made rapid strides. As yet no complete
catalogues of photographic magnitude corresponding
to the Revised Harvard Photometry have been pub-
lished, though considerable parts of the sky and
special areas, such as the Pleiades, have been carefully
studied. The determination of the photegraphic mag-
nitudes of any stars which may be required is, how-
ever, a comparatively simple matter when the mag-
nitudes of sufficient standard stars have been found.
A trustworthy and uniform scale has been to a large
extent secured by the use of extra-focal images, grat-
ings, and screens in front of the object glass, and the
study of the effects of different apertures and different
times of exposure.

At Harvard and Mount Wilson, standard mag-
nitudes of stars near the north pole have been pub-
lished extending to nearly the twentieth magnitude.
In the part of the range extending from 10-om. to
16-om. these agree very satisfactorily. There is, how-
ever, a difference of o-4m. in the scale between 6-om.
and 1o-om. which needs to be cleared up.

A uniform and accurate scale of magnitude is of
fundamental importance in counts of the numbers of
stars. Such counts aim at the determination of two
things : (1) how the numbers vary in different parts
of the sky, and (2) what is the ratio of the number of
stars of each magnitude to that of the preceding
magnitude in the same area of the sky. The counts
of stars from the gauges of Sir William and Sir John
Herschel, those of the stars contained in the Bonn
Durchmusterung, those made by Prof. Celoria, and
the recent counts of the Franklin-Adams plates by Dr.
Chapman and Mr. Melotte, all agree in showing a
continuous increase of stars as we proceed from the
pole of the galaxy to the galaxy itself. The import-
ance of this fact is that it shows a close connection
between the Milky Way and the stars nearer to us.
The Milky Way is not a system of stars beyond the
others, but is the primary feature of our *“island
universe.”

Photometric observations have acquired additional
importance from the differences between photographic
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and visual magnitudes. The ordinary plate is- more
sensitive to blue light than the eye, and the difference
between the photographic and visual (or photo-visual)
magnitude of a star is an index of the colour. The
colour index is found by observation to be related
very closely to the type of spectrum. Prof. Seares has
shown from the colour indices that as the stars become
fainter they become progressively redder. Prof. Hertz-
sprung has found the same thing by the use of a
grating in front of the object glass. Among stars of
17-om. visual magnitude, Seares found none with a
colour index less than o-; this is approximately the
colour .index of a star of solar type, i.e. near the
middle of the range from blue stars to red stars.

There are three ways in which this may occur. The
stars may be bright but very distant red stars; or they
may be faint red stars, like those in the immediate
neighbourhood of the sun; or there may have been an
absorption of blue light. It is not possible to say in
what proportion these causes have contributed. The
red stars of goom. and 10-om. are nearly all very
luminous but distant bodies, but it seems likely that
stars of 17:om. will contain a greater proportion of
stars of small luminosity.

The absorption of light in space is very small, and
as yet imperfectly determined. Prof. Kapteyn and Mr.
Jones, by comparing the colour indices of stars of large
and small proper motion, make the difference between
the absorption of photographic and visual light as
1m. in 2000 parsecs. The question has been examined
directly by Prof. Adams, who has obtained spectra
of near and distant stars which are identical as regards
their lines, and has examined the distribution of the
continuous light. This direct method of comparison
showed that the more distant star was always weaker
in violet light. But as both these investigations show
that very luminous stars are intrinsically somewhat
bluer than less luminous stars of the same spectral
type, the two causes require further research for their
disentanglement. The question is of importance, as
it may serve in some cases to determine the distances
of very remote bodies the type of spectrum of which
is known.

It must be admitted that we are as yet very ignorant
of the more distant parts of the ‘‘island universe.”
For example, we can make little more than guesses
at the distance of the Milky Way, or say what part
is nearest to us, what are its movements, and so on.
But, nevertheless, the whole subject of the construc-
tion of the heavens has been opened up in a remarkable
manner in the last few years. The methods now em.
ployed seem competent to produce a tolerably good
model showing the co-ordinates and velocities of the
stars as well as their effective temperatures and the
amount of light they radiate. Industry in the collec-
tion of accurate data is required, along with constant
attempts to interpret them as they are collected. The
more accurate and detailed our knowledee of the
stellar system as it is now, the better will be our
position for the dynamical and physical study of its
history and evolution.

NOTES.

THE director of the Meteorological Office reports
that information has been received from the Seismo-
logical Observatory at Eskdalemuir, Scotland, of the
record of a large earthquake which occurred at 1 a.m.
on Tuesday, September #%. The computed position
of the epicentre is lat. ¢°® N., long. 86° W., with a
possible error of 10°. The position mentioned is in
the Pacific Ocean, about %0 miles from Cape Blanco
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in Costa Rica, and a circle of 10° radius drawn from
this point as centre includes a portion of Central
America and the Isthmus of Panama.

A REUTER message from Paris states that the Minis-
try of Foreign Affairs has sent to the Academy of
Sciences a note reporting the discovery of mineral
springs in Colorado containing radium in such large
quantities that they may lead to the industrial extrac-
tion in America of radium, and the reduction of price
to less than one-quarter the present rate per gram.

THE Ministry of Munitions announces that the Muni-
tions Inventions Branch, which was recently consti-
tuted by the Minister of Munitions to deal with pro-
jects for inventions relating to munitions for warfare
on land, or matters appertaining thereto, has now
been removed from Armament Buildings, Whitehall,
to accessible and commodious quarters in Princes
Street, Storey’s Gate, S.W. (hitherto the premises of
the Whitehall Club), to which all future communica-
tions should be addressed. The department is now in
working order, and is already dealing with a large
number of proposals. The comptroller. Mr. E. W.
Moir, is being assisted in this work by an advisory
panel of scientific experts, whose names were
announced in NATURE of August 19 (p. 678). This
body is now at work in committees, and every proposal
receives consideration from them.

IN commemoration of Capt. Cook, a tablet has been
placed on the school at Great Ayton, Cleveland, where
the navigator received his education; a scholarship
has also been established at Marton, in the same
neighbourhood, which was Capt. Cook’s birthplace.
The cost of both has been provided out of the surplus
of the fund raised for -the erection of the Cook
memorial in London.

WE are informed that Mr. A. Gibb Maitland,
Government Geologist and Director of the Geological
Survey, Western Australia, has been appointed Presi-
dent of the Royal Society of Western Australia for
the session 1915-16.

WE learn from the Allahabad Pioneer Mail that Dr.
N. Annandale, superintendent of the Indian Museum,
Calcutta, is to spend the greater part of his six months’
leave of absence in Siam and Japan, studying the
fauna of the lake regions, and that he will prepare
and submit a report on the geological and entomo-
logical collections in the two countries referred to.

WE are glad to learn from Cambridge that the
announcement in the Times of September 2 that Capt.
James Romanes had been killed at the Dardanelles
on August 31 is incorrect. A telegram from Gibraltar
states that Capt. Romanes is returning home slightly
wounded.

WE notice with much regret the announcement of
the death, on September 4, at forty-four years of age,
of Prof. D. T. Gwynne-Vaughan, professor of botany
at University College, Reading.

TuE death is announced of Julius von Payer, who,
in a memorable Austro-Hungarian Arctic Expedition
in 187274, under the leadership of Lieut. Weyprecht
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and himself, discovered and explored the coast of
Franz-Josef Land.

THE death is announced of Mr. F. Higgins, chief
engineer to the Exchange Telegraph Company. He
began his career in the Post Office Telegraph Depart-
ment, was Superintendent of Telegraphs in Mauritius
for a time, and entered the service of the Exchange
Telegraph Company in 1873, when he began to direct
his attention to the development of type-printing tele-
graphs in the various forms now familiarly known as
‘““tape’ instruments. In this he was successful, as,
besides perfecting several forms of “‘relays,” he largely
increased the speed of the instruments. In addition,
he invented an instrument known as the column
printer for printing on a broad band of paper. He
was also the patentee of numerous inventions in elec-
tric fire alarms.

By the death of Mr. Thomas Carrington-Smith
agriculture has lost a prominent and characteristic
personality, and one who did much to make
British farming what it now is. He entered his farm
about the middle of the ’fifties, and maintained an
uninterrupted tenancy of some sixty yvears; thus he
farmed through the prosperous times of the ’sixties,
the disasters of 79, the depression of the ’nineties,
and he lived to see high prices setting in once more.
His long experience was placed ungrudgingly at the
service of his fellow-agriculturists, and he played
a considerable part in bringing about the legislation
that was necessary before farmers could alter their
systems of working. No industry is subject to more
restrictions than agriculture, probably because farmers
rarely work on more than an annual lease. Legis-
lation is therefore necessary from time to time to effect
adjustments of the various interests involved. In all
this Mr. Carrington-Smith played a prominent part,
and his name is associated with legislation affecting
tenant right reform, swine fever, cattle disease, agri-
cultural rates, and the sale of margarine. He was
active, both on the advisory side, as chairman of the
Dairy Products Committee of the Central Chamber of
Agriculture, and on the administrative side, as a mem-
ber of the Staffordshire County Council. He also
wrote a number of papers on agricultural subjects.

WE announced, with regret, in our last number,
the death of Mr. Henry Crookes, which took place
after a short illness at his residence, 109 Ladbroke
Road, W., on August 28. Henry Crookes was the
eldest son of Sir William and Lady Crookes, and for
many years he had been closely associated with his
father in several branches of scientific activity. He
was an associate of the Royal School of Mines, and
was elected a fellow of the Chemical Society in 1902.
Quiet and unassuming in disposition, his work was
not largely known outside his immediate circle of
friends and collaborators. Some years ago he spent
a considerable time in South Africa, engaged in work
connected with gold mining and the extraction of gold
from residues by the cyanide process. At this time
he unfortunately contracted intermittent fever, which
necessitated his return to England, and the effects
of which never left him. It is to this circumstance
that his death at a comparatively early age is largely
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due. He contributed many papers to the scientific
Press. Among them are the following :—'Action of
Permanganate of Potash and Acetic Acid on Bacteria
in Thames Water,” ‘‘Bactericidal Properties of the
Emanations from Radium,” * Volcanic Dust,” ** Photo-
graphs and Living Cultures of Bacillus Phosphor-
escens,’”’ ‘‘ Metallic Colloids and their Bactericidal Pro-
perties.”” Of late years his time was occupied chiefly
in the analysis of the water supply of London and
several large towns in the provinces, particularly with
regard to their bacterial contamination. He was the
discoverer of a process for the preparation of stable
colloidal solutions of silver and other metals, the
valuable properties of which are now recognised by
the medical profession, and he was actively engaged
upon these researches and preparations up to the time
of his recent fatal illness. He will be greatly missed
in his particular sphere of activity. In 1883 he mar-
ried the daughter of the late C. E. Spagnoletti. Our
sincere sympathy is offered to his widow, as well as
to Sir William and Lady Crookes for their great loss
at a time when they are naturally ill able to bear
the strain.

Capr. T. P. Brack, whose death in the Dardanelles
was announced in NATURE last week, was the
eldest son of the late Mr. Geo. B. Black. Born at
Shotts, Lanarkshire, in 1878, he was educated at
Aberdeen and Darlington, gained a scholarship to
Durham University, and graduated B.A., with
honours, in 1898. At this time he visited the Dar-
danelles, Constantinople, Skutari, and the Crimea.
On his return he graduated M.A. and B.Sc., with
honours, at Durham, and researched on radio-activity.
He next held a science research scholarship at Strass-
burg, taking the Ph.D. for original work in physics
carried out under Profs. Braun and Zenneck. An
abstract from his doctoral dissertation, published in
the Annalen der Physik for January, 1906, bore the
title, “On the Resistance of Coils for Quick Electric
Oscillations.”  After being an assistant at Newcastle,
he became in 1906 lecturer and demonstrator in physics
at University College, Nottingham. While here he
was joint author of an “Introduction to Practical
Physics.” He was justly valued as an able teacher,
and was deservedly popular with staff and students.
In 1911 he accepted the registrarship of the college
and so passed to new successes in a wider sphere of
usefulness. Thus his soldier’s death was but the
crowning glory of a strenuous life, rich in distinction
and promise.

THE first number of the Journal of the British
Science Guild, which has just been issued, contains a
verbatim report of the ninth annual meeting of the
guild, held on July 1, and the address on * The
National Organisation of Science,” delivered on that
occasion by Sir William Ramsay. It is hoped that
the publication of the Journal will serve not only to
keep members in touch with the results of the guild’s
activities in many directions, but also will be the
means of securing increased support for its work.
The main purpose of the guild is the promotion of
scientific method and organisation in all national
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affairs; and there are sufficient sympathisers with this
aim to increase the membership a thousandfold. The
minimum annual subscription is only half a crown;
life membership is obtained for two guineas, and the
subscription for a life fellow is ten guineas.  Any
British subject is eligible to join the guild, and all
who believe in the services which science can render
to the arts of peace as well as those of war should give
a practical sign of their conviction by becoming mem-
bers or fellows. The offices of the guild are at 199
Piccadilly, London, W., and the secretary will be
glad to send particulars of committees and of
publications upon application.

IN the Times of September 4 Mr. R. C. Shaw
announces the discovery at Caervoran, on the Roman
Wall three miles east of Gilsland, in Northumberland,
of a remarkable bronze measure of the Roman period.
Such officially certified measures are very rare. On
the present specimen the name of the Emperor Domi-
tian, in whose consulate in A.D. go the measure was
tested, has been obliterated, owing to the hatred felt
towards him after his death. The measure contains
17% sectarii, about 30 lb. of wine, or rather more than
two gallons, and 8 1b. have been allowed as the weight
of the material.. Prof. Haverfield is uncertain whether
it was really certified under the order of the Emperor,
or whether it is a private venture, masquerading as
official. In any case, there is no question of the date,
and. the discovery .is of considerable antiquarian in-
terest.

IN Man for -September Mr. R. Grant Brown dis-
cusses the modesty of Burman women. He points
out a fact familiar to all visitors to a religious fair
in northern India, that women when bathing manage
their scanty drapery with such dexterity that any
suggestion of immodesty is avoided. The principle
underlying this observance of propriety is that every
Burman lady believes herself to be under the watch
of twelve spirits, six of whom are good and six evil,
and it is supposed that any exposure of the human
form in their presence is a source of danger. Even in
the wearing of the scanty tamein, or waist-cloth, she
contrives to observe the laws of propriety. The only
case in which decency is violated is when a woman
really loses her head in the course of a quarrel with
a neighbour, and both combatants roll in the gutter
without any regard for decency. The explanation is
that they believe that in thus humiliating an opponent
they have vindicated the justice of their cause and
brought the enemy into contempt.

A paper entitled *“The History and Functions of
Botanic Gardens,”” by Mr. A. W. Hill, assistant
director of the Royal Gardens, Kew, was read by in-
vitation at the twenty-fifth anniversary celebration of
the Missouri Botanic Garden, October 15, 1914, and
has been reprinted from the Annals of the Missouri
Garden (Vol. ii., pp. 185-240). This paper is mainly
devoted to an extremely interesting and valuable his-
torical summary of the founding of the various botanic
gardens of the world from about the year 1000 B.C.
onwards, and is illustrated by nine plates, three of
which are remarkably fine collotype reproductions of
photographs taken in Kew Gardens.
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Two important papers appear in the American
Naturalist for August. The first of these should be
carefully read by all who are interested in problems
of heredity. Herein Mr. E. M. East discusses at some
length **The Chromosome View of Heredity and its
Meaning to Plant-Breeders.” He contends that the
maximum possible difficulty in the improvement of
animals, and plants, by hybridisation, usually depends
directly upon the chromosome number. This being
50, then there can be no question as to the import-
ance of determining the number of chromosomes in a
species before beginning a complex plant-breeding
problem, and thus being able to comprehend the maxi-
mum  possible difficulties that may be encountered.
In the second paper Prof. A. C. Eycleshymer dis-
cusses the origin of bilaterality in vertebrates. From
a study of the early embryonic stages he is of opinion
that neither the position nor the direction of cleavage
grooves has the slightest significance as far as the
setting apart of definite embryonic areas is concerned.
And further, that neither the position nor the direc-
tion of the cleavage grooves enables one to predict the
long axis of the embryo, so that other phenomena,
which may be of service, must be looked for. These
he finds in the increased cellular activity of the active
pole, which can be located with the advent of the
first cleavage groove. This marks the head end of the
embryo. The tail end is similarly marked by the early
accelerated activity of the side of the egg, indicating
the forthcoming blastopore, which definitely fixes the
posterior end of the embryo. It necessarily follows
that the median plane of the embryo must coincide
with a line passing through the centres of the two.

THERE is much that may be profitably ruminated on
in the Museums Journal for August, even by those
who have no part in the conduct of museums. More
especially we refer to the views expressed at the con-
ference of the Museums Association held in London
during July, as to the relation which should exist
between museums and the various grades of educational
institutions. In Manchester, where so many of the
school buildings have been converted into military
hospitals, a number of teachers have been sent to the
museums to receive a thorough course of instruction
on the various aspects of the museums to which they
are sent, in order that, when peace returns to us,
they may the more efficiently utilise the museums as
sources of education. Many valuable suggestions for
the further widening of the spheres of usefulness of
museums were also made, some of which, at any rate,
might well receive immediate attention. The address
of the president, Mr. E. Rimbault Dibdin, might be
read with much profit by the peace cranks who just
now are so busy.

Mr. G. B. WaLsH makes some interesting observa-
tions on the causes determining the survival and ex-
termination of insects in the manufacturing districts
of Yorkshire in the Entomologist’s Monthly Maga-
gine for August. Drainage, cultivation, and moorland
fires have done much, but blast-furnaces and chemical
works have done more, to bring about the extinction
of many insects that were once common in the areas
surveyed. Some have contrived to thrive under the

NO. 2293, VOL. 96]

most adverse conditions. Thus he relates how two
very local beetles, moorland species—Miscodera arctica
and Pterostichous vitreus—are to be found, in some
numbers, in a marsh traversed by a foetid stream, and
stinking most abominably of hydrogen sulphide. A
slag heap bounds the marsh on either side, which
receives the overflow from a neighbourhing chemical
works, while dust from calcining and blast-furnaces
fills the air, which is saturated with the odour of
rotten eggs. How insects the natural home of which
is the breezy moorland can contrive to thrive under
such appalling conditions is indeed a mystery. Speci-
mens taken from this new habitat should be carefully
compared with others obtained from the moorland to
discover, if possible, whether any adaptations to the
new environment have taken place.

THE accurate zoning of Carboniferous strata in the
British Isles has received general attention since the
pioneer work of A. Vaughan on the Avon section.
I.. B. Smyth, lecturer on palaontology in the Uni-
versity of Dublin, has now (Sci. Proc. R. Dublin
Society, vol. xiv., 1915, p. 535) cleared up some
obscure points in the sequence in the north of the
county of Dublin, where a river from the Devonian
land-surface entered the Carboniferous sea. A corre-
lation is made between these Irish deposits and those
of the English Lake District, described by E. ]J.
Garwood. Several new species of corals, and a new
genus, Arachniophylium, are described. The old
Arachnophyllum, by the by, has been absorbed in
Strombodes; but it might have been well to direct
attention to this, the new generic name being almost
identical.

FroM a new consideration of the ‘‘Interglacial
Gorges of Six Mile Creek at Ithaca, New York”
(Journ. of Geology, vol. xxiii., 1915, p. 59), J. L.
Rich and E. A. Filmer conclude that at least three
glacial epochs are indicated, ‘‘separated by periods of
time longer than that since the last epoch.”  The
great Wisconsin ice-extension entered the inter-
glacial stream-gorges, and deposited its drift there,
without appreciably modifying their walls.

F. CuapmaN describes a new genus of dibranchiate
cephalopods, Notosepia, from the Oligocene of
Victoria, Australia (Proc. R. Soc. Victoria, vol.
xxvii., 1913, p. 357). Young forms have a recurved
mucro at the termination of the pro-ostracum, recall-
ing the Eocene Belosepia, while this becomes, in
adult specimens, straightened towards the type known
in the modern Sepia.

STUDENTS of meteorites will be glad to note the
record of the rare calcium sulphide, Oldhamite, which
crystallises in the cubic system, in the ‘‘carbonaceous
chondrite” of Indarch, Russia (G. P. Merrill, Proc.
U.S. Nat. Museum, vol. xlix., 1915, p. T10g). Mr.
Merrill quotes its occurrence in five other meteorites
of varied composition, and points out that it may
prove to be more widely diffused, since it is usually
inconspicuous.

THE use of antiseptics or disinfectants for the treat-
ment of wounds is limited by several factors. Thus
many potent germicides may bs irritating to the tissues
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and poisonous to the system, e.g. mercuric chloride.
The efficiency of a disinfectant is probably always
reduced more or less by the albuminous constituents
of the discharge from the wound. In a paper entitled
“On the Use of Certain Antiseptic Substances in the
Treatment of Infected Wounds ™ (Brit. Med. Journal,
August 28, 1915, p. 318), by Dr. H. D. Dakin, of the
Herter Laboratory, New York, some of the limitations
of the commonly-used substances are detailed, and
means for obviating them are discussed. Thus hypo-
chlorite of soda is very active, but always contains free
alkali, which is irritating. If, however, it be mixed
with a weak polybasic acid, the latter will neutralise
the free alkali without decomposing the hypochlorite.
A solution of suitable concentration for direct applica-
tion to wounds, containing o-5-0-6 per cent. of sodium
hypochlorite, may be prepared as follows :—140 grams
of dry sodium carbonate (Na,CO,), or 400 grams of
the crystalline salt (washing soda) is dissolved in
10 litres of tap-water, and 200 grams of chloride of
lime (bleaching powder) are added. The mixture is well
shaken, allowed to stand for half an hour; the clear
liquid is then syphoned off from the precipitate of
calcium carbonate and filtered through cotton-wool.
To the clear filtrate 40 grams of boric acid are added,
and when dissolved the resulting solution is ready for
use, but it should not be kept longer than one week.
It may be used for continued irrigation of wounds up
to 1, or even 2, litres a day without harm. Other
chlorinated organic compounds (certain chloroamides)
are also being tested.

Discussions of the anemographic observations re-
corded at Jubbulpore from May, 1889, to April, 1900,
and at Belgaum from May, 1881, to April, 1904, are
given as Nos. 3 and 6 of the Memoirs of the Indian
Meteorological Department, vol. xix. The discussions
have been carried out by W. A. Harwood, and an
introduction is given by Dr. G. T. Walker,
Director-General of Observatories in India. Some
notes were left by Sir John Eliot on the Belgaum
observations. Faulty exposure and inefficient work-
ing are alluded to as occasioning some discrepancies.
Jubbulpore is at an elevation of 1327 ft. above sea-
level, and a detailed description is given of the station.
The climate is divided into three seasons: the dry,
cool season, from October to February; the dry, hot
season, from March to May; and the rainy season,
from June to September. The variation of wind
direction and velocity is given for each of these seasons
and for the year, also for the several hours in each
month, and details are shown both in a tabular form
and graphically. Storm winds are also dealt with.
Belgaum is 2539 ft. above sea-level, and the observa-
tions are similarly treated to those at Jubbulpore, the
discussion being made separately for the cool season
commencing in October and ending in February; the
hot season in March, April, and May; and the south-
west monsoon season in June and September.

IN the Journal of the Royal Statistical Society for
July Mr. S. Rosenbaum analyses the effects of the
war on the overseas trade of the United Kingdom.

In order to estimate the probable value of the trade ;
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in each of the five months, August-December, 1914,
if no war had taken place, the trade in January-July is
multiplied by the average ratio, for each of the months,
in the years 1904-13. A basis is thus obtained for
separating, approximately at least, the effects of the
war from the normal course of trade. So estimated,
the collapse of the export trade due to the war was
about 97,000,000l. in the first five months—a decline
that was widely spread over nearly all classes of ex-
ports. If exports are valued on the basis of peace
prices this decline is slightly lessened. Of the total
export trade lost about 22,000,000l. would have taken
place with enemy countries. As regards imports, the
shrinkage was approximately 67 millions, or about
one-fifth of the expected imports, but the ratio was a
steadily declining one. It must be remembered, how-
ever, in this case that a considerable rise in prices
partly masked the decline; in volume the decline must
have been about one-fourth. Details are given in the
paper for the several classes of exports and imports,
and in the latter part some analysis is presented of
the figures for January-April, 1915. During these
months the state of affairs was largely altered. While
exports were still heavily down, in February, March,
and April the value of imports was greater than in the
corresponding months of 1914, and this was a real
increase, not in values only, but also in volume.

In the same issue of the Journal there is a paper
by Mr. Bernard Mallet and Mr. Strutt, in continuation
of a paper published by Mr. Mallet in 1908, on the
multiplier necessary for converting the value of estates
passing at death, and declared for estate duty, into
the value of capital wealth in the hands of the living.
The value of the multiplier, 24, reached in the earlier
paper was thought on several grounds to be too low,
and the problem has now been re-attacked.  The
chief source of error was the assumption of too high a
rate of mortality. Taking figures more nearly corre-
sponding to the estate-leaving class the multiplier is
raised to 28. Rather unexpectedly an often-suggested
source of possible error—gifts inter vivos—it is argued,
does not, in fact, affect the results, though this con-
clusion was disputed in the discussion that followed.
A further amendment of the mortality rates used, made
in reply to criticisms offered, suggests that the multi-
plier might be further raised to 30. Even this multi-
plier gives a value of total capital in the hands of the
living of only 10,776,000,000l., a value some two or
three thousand millions less than that of several other
estimates.

IN his concluding article on modern bullets in war
and sport in Engineering for August 27, Fleet-
Surgeon C. Marsh Beadnell says that hard-nosed
bullet wounds of the lung are not as a rule fatal.
When a hollow organ such as the stomach is per-
forated by a bullet, it sustains more damage if it
contains fluid than if empty. The author fired a
0-303 bullet at a sheep’s stomach, in the one case
when it was full of water, and in the other case when
empty, with the following results. The aperture in
each wall of the empty organ was o-2 in.; the aperture
in the first wall of the full stomach was also o2 in.,
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but that in the second wall was o in. From this it
follows that a man hit after a full meal would have
less chance of recovery than had this occurred when
the organ was empty. Bullet wounds of the lung,
provided no large vessels are touched, are seldom fatal
in man or beast. The author has seen as many as a
dozen men in one ward of a base hospital all con-
valescent from lung injuries.

IN an article in Engineering for September 3, Mr.
William Hovgaard discusses the Lusitania disaster,
and draws therefrom the following conclusions :—(1)
The principle of transverse subdivision should be con-
sidered as fundamental in the design of all vessels,
merchant ships as well as warships, simply because
the longitudinal stability is always much greater than
the transverse, and in sea-going ships is generally
about one hundred times as great. (2) Longitudinal
subdivision is intrinsically pernicious, on account of
the small transverse stability of all ordinary vessels,
and should be used only where absolutely necessary.
(3) All wing compartments, where such must be fitted,
should either be so small that their heeling effect
when flooded will be negligible, or, if that is imprac-
ticable, as may be the case in warships and auxiliary
cruisers, they should be in permanent connection with
corresponding compartments on the other side of the
ship, so as to eliminate the heeling effect automatic-
ally. Provision may be made, in addition, for pump-
ing water into the side compartments. In pure mer-
chant vessels, no side bunkers or other longitudinal
compartments of so large a volume as to require such
means of compensation should be allowed.

THE Engineer for September 3 has an article on the
employment of women as machinists, with special
reference to the various shell factories organised by
Sir William Beardmore. About 8oco girls are now
, employed in these factories, and the number will
shortly be very largely increased. Some of these girls
have now been at work for about four months, and
were first trained by special instructors selected from
men employed in other departments of Messrs. Beard-
more’s works, assisted by skilled operators sent down
by the makers of several of the machines. These
girls were found to be capable of a good output on
many of the operations after only a week’s instruc-
tion. Lady superintendents are in charge of the place
night and day, and a good mess-room is provided for
meals. . All the operations, with one exception, in the
making of 18-pounder shells are carried out by the
girls. The output on some of the operations exceeded
expectation owing to the keenness of the girls, so
much so that some of the machines provided have
actually been found to be superfluous, and other
machines have been shown to be capable of more
work than had ever been believed to be possible.
There is plenty of such labour available in the country,
and all the women are moved by the keenest spirit
of patriotism. We trust that employers will not hesi-
tate to fill in their blanks from this source.

Mortor barges, which stir up the mud and discharge
large quantities of oil in the Grand Canal, in the
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neighbourhood of Ballinasloe, Co. Galway, will appar-
ently soon bring about the extinction of some of the
rarer aquatic mollusca.  This at any rate is the
opinion, founded on experience, of Mr. R. A. Phillips,
who contributes a short but valuable account of the
mollusca of South Galway to the Irish Naturalist
for August.

OUR ASTRONOMICAL COLUMN.

Comer Notes.—Comet Mellish (1915 a) is moving
north and towards the earth, and will be nearest about
October 26 (47 million miles). It is also rapidly
getting away from the sun, and its brightness is
diminishing.  J. Braae and ]. Fischer-Petersen have
extended the ephemeris given in Astronomische Nach-
richten 4802. The comet is apparently moving nearly
parallel to and only slightly S. of the line joining
B Canis Majoris and B Orionis. It will make very close
approach to each of these stars on September 27 and
November 3 respectively. During this time its mag-
nitude will have reduced from 7 to nearly 83.
J. Braae also supplies a continuation of the ephemeris
for the periodic comet Tempel II. (1915 ¢). Dr. H.
Thiele, of the Bergedorf Observatory, publishes (4stro-
nomische Nachrichten 4811), positions measured on
August 9 and 10. It is now somewhat distant and
retiring.  Its declination is slowly decreasing on a
path in Taurus, practically at right angles to that of
1915 a. For the other periodic comet at present in
apparition, Winnecke’s comet (1915b—this return was
first observed by Dr. Thiele just mentioned), K. Hille-
brand has extended the ephemeris given in Astrono-
mische Nachrichten 4787, using slightly improved places
(Astronomische Nachrichten, 4810).  This comet
has also passed perihelion, and does not come nearer
than the sun’s distance (about September 25). Its
apparent path passed near k Virginis (August 31), and
from Virgo passes through Libra and centrally through
Scorpio, bringing it near e Scorpionis on October 4.
During the last apparition (as 1909 d) it remained very
faint and without observable tail or nucleus.

Tue ToraL SorLarR EcLIPSE, AUGUST 21, I19I4.—
Several publications dealing with this eclipse have
lately come to hand. In one of these, MM. C. Bene-
dicks and I. Fredholm describe (Ark. K. Svenska Vet’
Acad., Band 10, No. 24) some photographs taken
at Lundsvall with a telephoto combination (Goerz
anastigmat and Zeiss teleansatz). They have devised
a laboratory experiment reproducing the effect of
shadow-bands which they ascribe simply to an effect
of refraction in a non-homogeneous medium. Senor
P. Carrasco forwards a reprint of a note referring to
his observations made at Theodosia of the red line
at A 6373 (Revista R. Acad., Ciencas, January, 1915,
Madrid). From Prof. Guglielmo Mengarini we have
received a copy of an article which appeared in the
Nuova Antologia (fasc. 1039, Rome), describing the
operations of the Italian expedition to the Crimea.
Although occupying a station in the neighbourhood of
Theodosia, a fortunate break in the clouds permitted
observations of totality, and the corona was photo-
graphed by Prof. Mengarini on a Lumiére autochrome
plate, exposed at the focus of the Fraunhofer equa-
torial (3 metres f. 1.) loaned by Prof. Bemporad.
Illustrations include reproductions of two composite
corona photographs and some prominence pictures.
Prof. Ricco made visual and spectroscopic observations.
Prof. Palazzo employed a series of recording instru-
ments in observations of solar radiation, terrestrial
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magnetism, electric potential, and earth tempera-
ture. From the Astronomische Nachrichten (No. 4811)
we learn that the 6-in. Repsold heliometer of the
Leipsic Observatory was employed by Von Naumann,
assisted by Frl. Kuschel, for measures of the position
angles of the cusps at chronographically recorded in-
stants through the greatest phase; 150 measures were
obtained in about fifty-two minutes. The following
corrections to the ephemerides were obtained :—

do=+4114" 012", dd=—3-6" +0-08".

The solar co-ordinates were taken from the Berliner
Jahrbuch; the moon’s position was derived from the
Nautical Almanac.

CoLour INDEX AND DISTANCE OF Stars.—Mr. P. ]J.
van Rhijn, who has been working at the Mount
Wilson Observatory, has presented an important
memoir to the University of Groningen as thesis for
doctorate dealing with the change of colour with dis-
tance and apparent magnitude, including a new deter-
mination of the mean parallaxes of the stars of given
magnitude and proper motion. The stellar data em-
ployed in the paper are :—(1) Colour or photographic
and visual magnitude; (2) spectral type; (3) distance.
Colour and spectral type have been taken from the
Yerkes actinometry. Distance has been determined
according to Kapteyn’s method of deriving mean
parallaxes from proper motions and magnitudes, and
then calculating the mean distances on the hypothesis
that the logarithms of the ratio of true parallax to the
most probable parallax of stars having the same magni-
tude and proper motion are distributed according to the
law of errors. The data permitted these values to be
satisfactorily obtained for the helium and second-type
stars, but for the A-type paucity of parallaxes neces-
sitated different treatment. As would be expected,
Mr. van Rhijn has obtained results in good accord
with those of Kapteyn, whilst the exclusion of stars
with large angular motions is shown to be responsible
for the opposed conclusions reached by Dr. Campbell.

Having obtained numerical expressions for the mean
distances of the stars, Mr. van Rhijn proceeds to deal
with the colour index. This has been taken as the
summation of the effect of distance and apparent
maghnitude, the effect of absolute magnitude for various
reasons having been given a zero coefficient. Out of
the laborious calculations involved in the solution of
the colour index equations the following results have
emerged. The faint stars, and also the distant stars,
are, ceteris paribus, redder than the bright stars and
the near stars respectively. The increase of the colour
index found being +0-025m. +0-004 per cent. per unit
of visual magnitude, and 4 o0-00015m.+0-00003 per
cent. per unit of distance (parsec).

It is possible that the B stars and also the early A
stars are ‘immune from the distance effect. If that
were so, the coefficient for the remaining spectral
types would be increased to a value 65 times
its probable error. The effect may be due either to
an absorption of light in interstellar space or to an
influence of absolute magnitude on colour.

RECENT STUDIES OF CERTAIN TROPICAL
DISEASES.

MANY features of much interest are presented in
the current number of the Annals of Tropical
Medicine and Parasitology (vol. ix., No. 2, June 30).
The opening article, by Dr. Breinl, deals with the
ulcerative disease known as Gangosa, or Rhinopharyn-
gitis mutilans, as observed by him in New Guinea.
The causal agent of the disease is considered to be
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a new species of Cryptococcus (C. mutilans), of which
illustrations are given in a coloured plate.  The
ravages due to Gangosa are forcibly demonstrated
by three plates of photographs of different cases. The
second paper, by Dr. H. Priestley, deals with Theileria
tachyglossi, a protozoan parasite found in the blood
and internal organs of an Echidna, Tachyglossus
aculeatus, from the neighbourhood of Townsville,
Queensland. This article is of interest as being the
first record of the organism from marsupials. The
parasite closely resembles Theileria parva of African
East Coast fever in cattle. A coloured plate depicts
the forms of the parasite observed.

The investigation into the causes of the prevalence
of typhoid or enteric fever in Kingston, Jamaica, is
ably set forth by Dr. H. H. Scott in the third paper.
The mode of infection of food and milk supplies and
the means of detection of unrecognised carriers of the
typhoid bacillus are described, and should be of ser-
vice to workers both at home and in the tropics.
Water supplies and sewage disposal are also con-
sidered. The post-mortem findings and the results of
cultivation of the bile from 120 consecutive autopsies
are given in tabular form. Eighty more cultivations
have since been made. From the total of 200 there
have been six cases from which the bacillus has been
isolated, apart from those subjects who showed post-
mortem signs of enteric fever. There are also
numerous charts showing the seasonal prevalence of
the disease in Kingston.

Another paper by Dr. Breinl deals with the occur-
rence of various diseases prevalent on the coastal belt
of British New Guinea. Eight plates of photographs
illustrate the article.  Certain diseases, such as
malaria, are already known there, but less work has
been done on others. Leprosy, filariasis, various
curious fevers, juxta-articular nodules, yaws, tropical
ulcers, contracting sores, destructive interdigital
ulcers, and gangosa have been found among the
natives. Only the regional distribution of the mala-
dies has so far been attempted in any detail. New
Guinea should provide a rich field for further research
in tropical medicine.

The concluding paper is by Dr. Fantham, and deals
with insect flagellates and the evolution of disease,
with a plea for the recognition of the importance of
comparative methods in the study of protozoology.
The leishmaniases are used in illustration, and their
origin from insect flagellates which are able to adapt
themselves to life in vertebrates is discussed. = The
significance of the herpetomonad flagellate stage of
Leishmania, and the existence of such a stage in man,
at any rate in L. tropica, is indicated. The discovery
of natural herpetomonads in mice by Dutton and Todd
and by Fantham and Porter is recalled, as well as the
occurrence of herpetomonads pathogenic to plants
(Euphorbia spp.). The recent striking experiments
of Laveran and Franchini on the introduction of
herpetomonads into mammals, and of Fantham and
Porter on the introduction of these flagellates into
mammals, reptiles, amphibia, and fishes are sum-
marised. In these experiments the evolution of the
disease, that is, ‘‘leishmaniasis in the making,” is
revealed.

THE TALGAI SKULL.

ERHAPS the most remarkable incident of the
meeting of the British Association in Australia

last year was the demonstration given by Profs.
Edgeworth David and Wilson to Section H
in Sydney of a completely mineralised skull found
in the neighbourhood of Talgai in the Darling Downs,
Queensland. When war broke out and Prof. Wilson



SEPTEMBER 9, 1915

NATURE

33

had to devote himself to military duties, Dr. Arthur
Smith was appointed acting-professor of anatomy in
the University of Sydney, and Colonel Wilson most
magnanimously handed over to him this most import-
ant human relic for investigation and description.
With the valuable assistance of Mr. D. M. S. Watson
he has succeeded in removing the matrix and fully
exposing the extraordinary features of Australia’s
earliest known human inhabitant, perhaps a member
of the earliest family to ferry across Wallace’s line
and tramp dogs through Papua to Queensland.

The skull has been purchased by the Hon. Joynton
Smith, M.L.C., and presented by him to the Uni-
versity of Sydney. The formal presentation was made
the occasion of a public meeting in the University on
June 18, presided over by the chancellor, when Acting-
Prof. Arthur Smith and Prof. David delivered ad-
dresses on the significance of the skull and its
bearing upon the problems of man’s antiquity in
Australia.

Prof. David explained that the skull (of the Pleisto-
cene period) was found after a flood thirty-one years
ago in the bed of a creek near Talgai station, on the
Darling Downs, by a stockman. From its highly
mineralised state and mode of occurrence in a region
where other fossil remains had also been found, the
skull was of sufficiently striking geological antiquity
to be grouped with the last ice epoch of the northern
hemisphere. At the close of the last glacial period,
gigantic animals became extinct, and probably the big
animals known to have existed in Australia ages ago
likewise died at the same time as those of the northern
hemisphere. The discovery of the skull might serve
to explain how it was that Australia, with its mar-
supial fauna, had an invader in the form of the dingo,
which was a sort of Asiatic jackal, and ‘“had no more
right here than the Germans had in Belgium.” There
was the possibility  of its having been brought here by
early man. However, the skull was worth its weight
in gold. The University of Sydney and men of science
throughout the world were under a deep debt of grati-
tude to Mr. Smith for purchasing the skull, which was
undoubtedly a priceless specimen.

Acting-Prof. Smith stated that the condition of the
teeth was such as to show that the skull was a youth'’s,
while at the same time it had many of the character-
istics of an adult skull. The canine tooth of the
Talgai fossil was the largest human tooth so far dis-
covered. The extremely primitive characteristics were
such as to warrant one claiming for the skull con-
siderable importance in anthropology, and worthy of
being placed with such specimens as the prehistoric
Heidelberg jaw and the Piltdown skull. There was,
he concluded, certain to be a great controversy con-
cerning the latest discovery when the results of the
investigation were made known.

THE RAINFALL OF JAVA.

YING as it does midway between India and
Australia, Java forms a climatological link
between the two great British» Dominions, and we
recognise the appropriateness of the compliment
implied in the choice of English as the second
language in which this important outcome of Dutch
enterprise is published. Tables are given of the
mean monthly rainfall, number of rain days, and
mean daily maximum rainfall (for each month) at
1061 stations in Java from observations taken between

1 ““Uitkomsten der Regenwaarnemingen op Java.” (Results of Rainfall
Observations in_ Java). By Dr. W. van Bemmelen. Pp. xxiii+173.
Regenatlas (Rainfall-Atlas), vii maps. (Batavia: Javasche Boekhandel
Drukkerij, 1914 and 1915.)
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1879 and 1911. Dr. van Bemmelen discusses the
trustworthiness of the data, which are far from uni-
form.  Obviously fallacious records have been
eliminated, and there is reason to believe that the
data here given compare well with those available
for other tropical countries. Observations were made
to the nearest millimetre, so that the critical rainfall
which determines whether or not a day is to be
counted as a rain day is o5 mm., or 002 in., i.e.
four times the amount taken as determining a rain
day in this country. As an example of the variability
of monthly rainfall in Java, the case is cited of one
station where in September, 1902, the rainfall was
12 mm., and in September, 1904, 896 mm. The
greatest average annual rainfall recorded at any
station in Java is 8305 mm., and the least 882 mm.,
but for both stations quoted the average was only for
the short period of seven years, and experience shows
that runs of seven years may occur with every year
above or every year below the long-period average.
The wettest year ever recorded at any station was
10,112 mm. at Sirah Kentjong, Kediri, in 1909, and
the greatest fall in twenty-four hours was 511 mm. at
Besokor, Semarang, on January 31, 1901. Perhaps
I may be pardened if I remind those who keep
metric and vulgar statistics in separate compartments
of their brains that these figures are equivalent to
3981 and 201 in. respectively.

The most important part of Dr. van Bemmelen’s
work is his series of maps of average rainfall. That
he was fully alive to the difficulties in his way is
made plain by his quotation of the reasons which
deterred him in 1908 from making the attempt. To
our mind the greatest difficulty, and one that has
not been overcome, is the use of averages of vary-
ing lengths without reduction to a common period.
We agree with.the author that such reduction was
difficult, if not impossible, in the circumstances, and
that any sort of isohyetal map is better than none,
and for many purposes, both scientific and economic,
the maps he has produced will prove most useful.
He gives a large-scale (1 : 1,000,000) map showing the
position of the stations, and a series of smaller maps
(scale 1:1,500,000) for annual rainfall, and the mean
monthly rainfall of four selected seasons. These
are :—(1) the mean of the three wettest months,
December, January, February, when the west mon-
soon is blowing; (2) the mean for the two months
March and April, showing the main transition; and
(3) the mean for the two months May and June, when
the transition is almost complete, to (4) the period
of the east monsoon, represented by the mean of the
three months July, August, September—the driest
part of the year; finally, (5) the mean of October and
November, showing the transition to the wet season
again. These maps are admirably executed and most
suggestive; but we are of opinion that both the
climatic transitions and the geographical distribution
would be more clearly suggested by maps based on
the homogeneous average of, say, the last ten years,
than on the data actually used. We are in hearty
agreement with Dr. van Bemmelen’s method of
drawing isohyetal lines from such data as are avail-
able by what he aptly terms ‘‘a continual compromise
between deduction and induction,”” the deduction
being based on the recognised relationship between
configuration, wind-direction, and rainfall, the induc-
tion being from the data which have been actually
observed. Even where the data are as numerous,
long-continued, and reasonably accurate as they are
for the British Isles, the most probable distribution
of rainfall can only be represented cartographically
by such a *‘continual compromise.”

HucH RoOBERT MILL.
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UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

DRr. A. J. BaLLantyNE has been appointed lecturer
on ophthalmic medicine and surgery at the Anderson
College of Medicine, Glasgow, in succession to Dr.
A. F. Fergus.

MRr. S. H. E. BARRACLOUGH, lecturer in mechanical
engineering at the University of Sydney, N.S.W., has
been appointed to the chair of mechanical engineering
at the same University.

MRr. P. H. FRAENKEL, at present in charge of the
classes in electrical engineering at the Working Men’s
College, Melbourne, has been appointed lecturer in
electrical engineering at the University of Western
Australia, Perth, W.A.

IN consequence of the war, the winter session of
most of the medical schools will be begun without any
ceremony or opening address. At the Middlesex Hos-
pital Medical School, however, Dr. J. Cameron will
address the students on the opening day—October 1;
at the University of Leeds, on the same day, Sir
William Osler will deliver the inaugural address, and
at the London (Royal Free Hospital) School of Medi-
cine for Women, Mrs. Willey, M.D., will speak.

Tue City of Bradford Education Committee has
issued an abridged prospectus for the forthcoming
session of the Bradford Technical College day courses.
These courses of study are organised to provide
(a) diploma courses, (b) part-time technical courses,
and (c) courses for professional examinations. The
diploma courses afford a full training for the various
branches of the textile, chemical, and engineering
industries, including the underlying sciences; they
extend over three (or in some cases four) years, and
occupy the full time of the student. Much of the
work is of an advanced character, and a special feature
is the great importance attached to scientific investi-
gation. The courses provide the necessary training
for the higher positions in works. Arrangements have
been made with the University of Leeds whereby
students of the University or of the college have the
use of certain equipment and other facilities at both
institutions. The part-time technical courses are in-
tended for those studénts who arrange to spend part
time in the works, or who attend the college for
special sudy. The diploma of the college is awarded
to each day student who has been in attendance for
three complete sessions subsequent to passing the
entrance examination, and who has passed the college
examinations in all subjects of the diploma course
taken.  The diploma courses in chemistry, and in
chemistry and dyeing, extend over four years.

BOOKS RECEIVED.
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Their Manufacture, Properties, Tests and History.

Chemical Inspector, Indian Ordnance Department.

THe TiMes.—‘‘ An interesting, ca/u/'relzmrwc and picturesque pre-
sentment of the general subject of explosives.”

THE « MINING WORLD.—** 4 long-wanted wolume . . . thoroughly
up-to-date . . . a practical treatise, and entitled to rank as a standard
work on the subject . . . enviched by many excellent photographic
llustrations.”

By ARTHUR MARSHALL, A.C.G.I., F.I.C., F.C.S.,
Now Ready. With 137 Illustrations. 248. net.

ArMs AND ExrLOSIVES.—‘‘ The position of the author is proof o
proper professional training as a chemist, and practical association with
explosives manufacture. The book lt\g// discloses a quite wuncommon
capacity for clear exposition. Its contents reveal an extraordinarily close
acquaintance with technical literature on the subject, illuminated by
much first-hand knowledge and practical understanding of methods.”

THE QUARTERLY JOURNAL OF
MICROSCOPICAL SCIENCE.

Edited by Sir E. RAY LANKESTER, K.C.B., LL.D., F.R.S., with
the co-operation of SYDNEY J. HICKSON, M.A., F.R.S., E. A.
MINCHIN, M.A., F.R.S., GILBERT C. BOURNE, M.A., D.Sc.,
F.R.S., and J. GRAHAM KERR, M.A,, F.R.S.

CONTENTS OF No. 242 (JULY). 10s. net.

The Chorda Tympani and Middle Ear in Reptiles, Birds, and Mammals.
By Epwin S. Gooprich, F.R.S., Fellow of Merton College, Oxford.
(With Plates 11, 12 and 13, and 5 Text-figures.)

Studies on the Turbellaria. Part Ill.—Didymorchis. By W. A.
HasweLr, M.A., D.Sc., F.R.S., Challis Professor of Zoology, Univer-
sity of Sydney. (With Plate 14 and 1 Text-figure.)

The Placenta of a Lemur. By J. W. Jenkinson, M.A., D.Sc., University
Lecturer in Embryology, Oxford ; late Fellow of Exeter College. (With
Plates 15, 16 and 17, and 7 Text-figures.)

On a New Species of Pentastomid from a N. African Snake (Zamenis
ravigieri). By Marv L. HerT, B.Sc., Demonstrator of Zoology,
Bedford College, University of London. (With 5 Text-figures).

REVIEW :
““ Text-Book of Embryology,” Vol. I, Invertebrata. By E. W.
MacBripg, M.A., D.Sc., LL.D., F.R.S., Professor of Zoology at the
Imperial College of Science and Technology, South Kensington.

NEARLY READY. With 12 Illustrations. 2s. 6. net.
CATALYSIS AND ITS INDUSTRIAL
APPLICATIONS.

By E. JOBLING, A.R.C.Sc., BSc, F.C.S.

NEARLY READY. 25 Ilustrations. 3s. 6d. net.
ELEMENTARY PRACTICAL METALLURGY.

By J. H. STANSBIE, Teacher at Municipal Technical School,
Blrmmgh1m

NOW READY. With 17 Illustrations. 2s. 6d. net.
SURFACE TENSION AND SURFACE ENERGY AND
THEIR INFLUENCE ON CHEMICAL PHENOMENA.
By R. S. WILLOWS, M.A,, D.Sc., and EMIL HATSCHEK.

NOW READY Elghlh KEdition. 2s5. 6. net.
A SIMPLE METHOD OF WATER
ANALYSIS.
Especially Designed for the Use of Medical Officers of Health.
By JOHN C. THRESH, M.D., D.Sc., D.P.H.

With 151 Illustrations. 18s. net.

LIQUID AIR, OXYGEN, NITROGEN.

By GEORGES CLAUDE Laureat de I'Institut.
Translated by H. E. COITRELL Assoc.M.I.C.E.

London: J. & A. CHURCHILL,

7 Great Marlborough Street.

MARTINDALE’S

Pure Chemicals
Reagents
and Apparatus

FOR

LABORATORIES

AT CLOSEST PRICES.

q Additional factory in course
of construction for manu-
facture of chemicals hitherto
obtained from the Continent.
Enquiries solicited.

W. MARTINDALE,
Manufacturing and Analytical Chemist,
10 NEW CAVENDISH STREET, LONDON, W,
'Phones : 4688 Gerrard; 1797 Paddington,
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(WET AND DRY BULB)

or Comfort Meter
Invented by Prof. LEonarp HiLr,
F.R.S., showing the atmo-
spherie condition most

conducive to good health,

G =—a

PROF. HILL'S KATA-THERMOMCTER.

D& See article ‘“ Healthy Atmo-
spheres,” by Prof. Hill,
Nature, April 22, 1915.

THE * INSTANTER’
ANEMOMETER.

Specially Designed for
Riflemen and Aviators

Cives the hourly
velocity of the
wind AT SICHT. |

Catalogues (state whickh required), Estimates, and all information free.

8,9 & 10 HATTON GARDEN,; LONDON.



xvi NATURE [SEPTEMBER 9, 19I5

MACMILLAN & CO.S NEW BOOKS.

TWELFTH THOUSAND.

ORDEAL BY BATTLE.

By F. S. OLIVER. 8vo. 6s. net.

THE SUNDAY TIMES.—‘ Everybody ought to read Mr. F. S. Oliver’s ‘Ordeal by Battle.’” That compliment
it deserves because so much earnestness and conviction and solid thought have gone to the making of the book, because its
author handles candidly and fearlessly the subject which is of paramount interest to us all.”

1915 ISSUE NOW READY.
9 A Statistical and Historical Annual of
The Statesman’s Year-Book. ;.3 g i, s, o
Edited by J. SCOTT KELTIE, LL.D., late Secretary of the Royal Geographical Society. Assisted by M. EPSTEIN,
M.A., Ph.D. Revised after Official Returns. With Maps. Crown 8vo. 10s. 6. net.

Volume Ill., Completing the Work, Now Ready.
FIFTH EDITION, ENTIRELY RE-WRITTEN AND ENLARGED.

Chemical Technologdy and Analysis of Oils,

By the late Dr. J. LEWKOWITSCH, M.A., F.I.C. Edited by
Fa.ts, and Waxes. & isoe  varmmson Fifth ‘Edition, entirely resweitten
and enlarged. In”3 Vols. Illustrated. Med. 8vo. Vol. I. 25s. net. Vol. II. 25s. net. Vol. III. 20s. net.
CHEMICAL ENGINEERING AND THE WORKS CHEMIST.—‘ We have nothing but the highest praise for
this masterly work. In conception, scope, and method of treatment alike it is admirable, and the new ¢ Lewkowitsch,” like
its predecessor, is simply invaluable to the chemical technologist.”

Human Ph ‘ siolo By Prof. LUIGI LUCIANI, Director of the Physiological Institute
y gy° of the Royal University of Rome. Translated by FRANCES A.
WELBY. With a Preface by J. N. LANGLEY, F.R.S., Professor of Physiology in the University of Cambridge.
Illustrated. In 5vols. 8vo. Vol. I.—Circulation and Respiration. 18s. net. Vol. II.—Internal Secretion—
Digestion—Excretion—The Skin. 18s. net. Vol. III.—Muscular and Nervous Systems. Edited by GORDON

M. HOLMES, M.D. '18s. net.

THE LANCE7.—‘“ We have said enough to show the commanding interest and the practical value of modern physiology
as set forth in this volume by one of its most masterly exponents. New facts will be added daily, but this full account of the
present aspect of physiology itself, as well as its relation and applications to medicine and surgery, ranks as a masterly
exposition of the present state of a fundamental subject which, besides its importance in relation to medicine, allies itself with
the moral sciences. . . . We give a most cordial welcome to this volume.”

NEW EDITION, THOROUGHLY REVISED, JUST PUBLISHED.

Huxley’s Lessons in Elementary Physiology.
By THOMAS H. HUXLEY, LL.D., F.R.S. New Edition, thoroughly revised, by JOSEPH BARCROFT, K.R.S.,
Senior Demonstrator of Physiology m the University of Cambrldge Ilustrated. Fecap. 8vo. 4s. 6d.

7HE TIMES.—* Mr. Barcroft has done the work of revision with the utmost care; where there was no actual flaw he
has left the book untouched, but where the investigations of the last twenty years have made changes necessary he has brought
it right up to date.”

Text-Book of Embryology. Edited ny WALTER HEAPE, M.A, F.RS.

VYol. I. Invertebrata. By E. W. MACBRIDE, M.A., D.Sc., LL.D., F.R.S., Professor of Zoology
at the Imperial College of Science and Technology, South Kensington. Illustrated. Medium 8vo. 25s. net.
SCOTTISH NATURALIST.—*“ Should the remaining volumes of this work reach the standard of that before us, then,
without hesitation, we should state that this is one of the most useful zoological textbooks ever published in this country.
Certainly there has appeared neither here nor elsewhere so concise, well-illustrated, and comprehensive an account of the
embryology of the Invertebrates.”

A Manual of Mechanics and Heat. %, A, GREGRY,

Queen’s College, London, and H. E. HADLEY, B.Sc., Associate of the Royal College of Science, London. With

Diagrams Crown 8vo. 3:. [Sept. 14.

By S. LISTER, B.Sc., Senior Mathematical

A First Book of Arlthmetlc. WS RTE hlt Seri Mubamed
Globe 8vo. 258 pp. Is. 64. [First Books of Science.

A Text-Book for the use of Secondary and Technical Schools. By

Science of Dair YINng. & e BENCINGTON M, S et askian]
Training College, N.Z. Illustrated. Crown 8vo. 2s5. 6d. [Friaay.
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LIQUID AIR awo LIQUID HYDROGEN.

Dr. HAMPSON'S AIR-LIQUEFIER is now made to a standard pat-
tern, and numbers are in use in University Laboratories and elsewhere in
various countries. I'he whole apparatus is neat and compact and its parts
very easily moved ; the Liquefier without stand, being a cylinder 17 inches
high and 8 inches in diameter,

It begins to liquefy air in from 6 to 1o minutes after the admission of air at
from 150 to 200 atmospheres pressure, making over a litre of liquid per hour.

It requires no auxiliary refrigerant and produces a perfectly clear liquid
which requires no filtering.

The operator has only one gauge to watch and one valve to control.

HYDROGEN LIQUEFIER to the designs of Dr. MORRIS W.
TRAVERS for use in conjunction with Air-Liquefier.

For prices and particulars of the above and eommercial
apparatus of the same deseription manufactured under
the Linde and Hampson patents apply to

Ltdl

THE BRITISH OXYGEN CO,
(Formerly Brin’s Oxygen Co., Ltd.),
ELVERTON STREET, WESTMINSTER, S.W.
Works in London, East Greenwich, Manchester, Birmingham, Newcastle,
Glasgow, Cardiff, Sheffield, and Sydney, N.S.W.

JAMES SWIFT & SON,
OPTICAL AND SCIENTIFIC INSTRUMENT MAKERS.

Contractors to all Scientific Departments of H.M. Government.

Grands Prix, Diplomas of Honour, and Gold
Medals at London, Paris, Brussels, &c.

DARK GROUND CONDENSER
For examining Living Bacteria, &c., under High Magnifications.
This Condenser is unequalled for giving bril-
liant illumination with a comparatively weak
source of light.

Price - £1 10 O

N.B.—All our Microscopes (including
the Lenses) are made in our own
workshops on the Premises.

Catalogue post [ree.
UNIVERSITY OPTICAL WORKS,
81 Tottenham Court Road, London, W.

WATKINS & DONGASTER,

Naturalists and Manufacturers of

CABINETS AND APPARATUS
FOR COLLECTORS OF INSECTS, BIRDS' EGGS AND SKINS,
MINERALS, PLANTS, &c.

N.B.—For excellence and superiority of Cabinets and Apparatus,
references are permitted to distinguished patrons, Museums, Colleges, &c.

A LARGE STOCK OF INSECTS, BIRDS’ EGGS AND SKINS.

SPECIALITY.—Objects for Nature Study,
Drawing Classes, &c.

Birds, Mammals, &c.':'P;esierved and lﬁgllnted by First-class
Workmen true to Nature.

All Books and Publications (New and Second-hand) on Insects,
Birds’ Eggs, &c., supplied.

36 STRAND, LONDON, W.C.

(Five Doors from Charing Cross.)
FULL CATALOGUE POST FREE.

MICROSCOPICAL SECTIONS
TYPICAL ROCKS.

12 Sedimentary and Metamorphic, in box
12 Igneous, in box ... e .
2 Sets, as above, 35/=

18/-
18/-

Sections to order, 1/6 each.

RUSSELL & SHAW,
38 GT. JAMES STREET, BEDFORD ROW, LONDON, W.C.

MICROSCOPIC SECTIONS OF ROCKS & MINERALS,

LIVING SPECIMENS FOR
THE MICROSCOPE.

Volvox, Spirogyra, Desmids, Diatoms, Amceba, Arcella, Actinosphaerium,
Worticella, Stentor, Hydra, Floscularia, Stephanoceros, Melicerta, and many
other specimens of Pond Life. Price 1s. per Tube, Post Free. Helix
pomatia, Astacus, Amphioxus, Rana, Anodon, &c., for Dissection purposes.

THOMAS BOLTON,
25 BALSALL HEATH ROAD, BIRMINGHAM.

EITHER FROM STOCK OR CLIENTS’ OWN MATERIALS.
Descriptions and Reports made at an inclusive charge if

desired. Apply—
JAMES R. GREGORY & CO,,

Mineralogists, &c.,
139 FULHAM ROAD, SOUTH KENSINGTON, S.W.

'Phone : Western 2841. Telegrams: ‘‘ Meteorites, London.”

MARINE BIOLOGICAL ASSOCIATION
OF THE UNITED KINGDOM.
THE LABORATORY, PLYMOUTH.

The following animals can always be supplied, either living
or preserved by the best methods: —

Sycon; Clava, Obelia, Sertularia; Actinia, Tealia, Caryophyllia, Alcy-
onium ; Hormiphora (preserved); Leptoplana ; Lineus, Amphiporus,
Nereis, Aphrodite, Arenicola, Lanice, Terebella; Lepas, Balanus,
Gammarus Ligia Mysis, Nebalia, Carcinus ; Patella, Buccinum, Eledone,
Pectens Bugula, Crisia, Pedicellina, Holothuria, Asterias, Echinus,
Salpa (preserved), Scyllium, Raia, &c., &c.

For prices and more detailed lists apply to

Biological Laboratory, Plymouth. THE DIRECTOR.

GLASS BLOWING

ALL KINDS OF SCIENTIFIC AND EXPERIMENTAL GLASS
BLOWING carried out quickly and correctly from rough sketch
at Moderate Charges.

ANY FORM OF GLASS APPARATUS REPAIRED.
DEMONSTRATIONS given here. cr at Colleges, &c.

66 HATTON GARDEN, LONDON

Hl H ELM, Telephone 2512 Holborn. °

ACTUAL MAKER of 47.L KINDS of X Ray, Geissler and other

Vacuum Tubes, Mercury Pux]nps, High Frequency Electrodes, &c.
List [ree.

Teleppone—Gerrard, 8830.

NOTICE.—Advertisements and business letters for *‘ Nature” should be addressed to the Publishers ; Editorial
Communications to the Editor. The telegraphic address of “ Nature” is ‘‘Phusis,”

SUBSCRIPTIONS
£ s d.
Yearly « 1 8 0
Half-yearly (26 Numbers) . 0 14 6
Quarterly (13 Numbers)... w 0 T 6

(A charge of 6d. is made for changing Scotch and Irish Cheques.)
Cloth Cases for binding * Nature’ are issued at 1s. 6d. each, and can be sent post free for 1s. 9d.

Westrand, London.

TO ‘“NATURE.”
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RESISTANCES

CHARGING
BOARDS

EXPERIMENTING
BOARDS

ISENTHAL & CO.

(Department I),
Denzil Works, Neasden,
LONDON, N.W.

Contractors to the Admirally, War Ofice, India
Office, Colonial Ofiice, Postmaster General, &c.

TOWNSON & MERCER.

LTD.,

34 Camomile Street, London, E.C.

SOLE AGENTS FOR THE UNITED KINGDOM
FOR THE WELL-KNOWN

BALANCES AND WEIGHTS

MADE BY

Weights in Polished Mahogany Box lined with velvet, adjusted to
the utmost accuracy, with fractions of Platinum under glass cover.

20 50 100 200 grammes to 1 mgr.
26/~ 29/~ 31~ 39/~

Illustrated deseriptive catalogue on request,

SCIENTIFIG INSTRUMENTS

ALL DESCRIPTIONS.

MECHANICS BRIDGE

Designed by IVOR B. HART, B.Sc., F.R.A.S.,
and E. G. HARDINGHAM.

This apparatus has been designed to meet the need
of a simple and substantial instrument capable
of adaptation to ‘@ great many experiments in
practical mechanics and kindred subjects. A full
description of the experiments which can be per-
formed will be found in ¢ Elementary Experimental
Statics,”” by Ivor B. Hart, B.Sc., F.R.A.S.

PRICES - ON APPLICATION.

PHILIP HARRIS & G0., 1.

BIRMINGHAM

(ENGLAND.)

“Record " Porcelain
BASINS »GRUCIBLES

equal to Royal Berlin Porcelain.

Reijmyre Resistance Glass
BEAKERS " FLASKS

equal to Jena Glass.

Pending the delivery of a good stock of
BRITISH LABORATORY WARE we are offering
above from stock at very acceptable prices.

We can also supply from stock

BRITISH FILTER PAPERS

equal to S. & S.

A. GALLENKAMP & CO., Ltd.,

Contractors to the War Office, Colonial and Indian Governments,
Crown Agents for the Colonies, London County Council, &c.
On the Admiralty List.

Members of the British Laboratory Ware Association, Lid.

19 & 21 Sun Street, London, E.C.
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