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Abbot (Prof. C. G.), Sunspots and Changes in Solar
Radiation, 738; and colleagues, The Solar Prelude
of an Unusual Winter, 227 ; The Sun and the Weather,

596
Abbott (G.), Curious Spherical Masses in Ashdown Sands,

539

Ablett (R.), Contact Angles in Capillarity, 294

Ackermann (A. S. E.), Popular Fallacies Explained and
Corrected (with Copious References to Authorities).
Third edition, 720

Adams (J.), The Translocation.of Carbohydrates in the
Sugar Maple, 207 S

Adams (Dr. W. S.), appointed director in charge of opera-
tions at the Mount Wilson Observatory, 108; and
A. H. Joy, Spectroscopic Parallaxes of Stars of
Type B, 403

Agafonoff (V.), The Comparative Study of Some Methods
of Chemical Analysis of the Humus in Soils, 380

Aitken (Dr. John), Collected Scientific Papers of, edited
(with Introductory Memoir) by Dr. C. G. Knott, 495

Aitken (Miss Margaret F.), awarded the Robbie scholar-
ship of Aberdeen University, 883

Aitken (Prof. R. G.), Companion to Omicron Ceti, 842

Alessio (Capt. A.), Isostasy, 843

Alexander (J.), Glue and Gelatin, 498

Alexander (Prof. S.), impending retirement of, 947

Allbutt (Sir Clifford), Scientific Names of Greek Deriva-
tion, 590

Allen (Prof. F.), Colour Vision and Colour Vision Theories,
899

Allen (Prof. H. S.), Light and Electrons, 279 ; Numerical
Relations between Fundamental Constants, 622 ;
The Hydrogen Molecule, 340

Allen (R.), Copper Ores, 430

Allen (Prof. W. E.), The Thresher Shark, 521

Allmand (Prof. A. J.), and A. W. Campbell, The Electro-
deposition of Manganese, 850; and L. Nickels,
Conductivities of Aqueous Salt Solutions, 862

Amar (J.), The Phenomena of Respiration, 348

Anderson (A. W.), appointed a district lecturer in agri-
culture in Leeds University, 638

Anderson (L.), Smoluchowski’s Equation as applied to
the coagulation of Gold Hydrosol; The Effect of
Sucrose on the rate of coagulation of a Colloid by an
Electrolyte, 851

Anderson (R. H.), A Revision of the Australian Species of
the Genus Bassia, 460

Andoyer (Prof. H.), Cours d’astronomie.
Sciences de Paris. Premiere partie. 3¢ édition, 644 ;
Cours de mécanique céleste. Tome I., 644

Andrade (Prof. E. N. da C.), Expositions of Atomic
Physics, 895 ; The Structure of the Atom, 577

Andrews (Dr. C. W.), An African Chalicothere, 696

Andrews (R. C.), The Discovery of Eggs of Deinosaurs in
Mongolia, 910

Annandale (Dr. N.), Aquatic Gastropods,
others, Termites of Barkuda Island, 293

Apert (Dr. E.) and others, Eugénique et sélection, 387

Aristotle: On Coming-to-Be and Passing-Away (De
Generatione et Corruptione). A revised text, with
Introduction and Commentary by H. H. Joachim,
584 ; The Works of, translated into English. Meteor-
ologica, by E. W. Webster, 584

Faculté des

923 ; and

ii

Armstrong (A. L.), Maglemose Culture in East Yorkshire,
486

Armstrong (Dr. E. F.), elected president of the Society of
Chemical Industry, 63 ; The New Chemistry, 743

Armstrong (Prof. H. E.), Congress of the French Society
of Chemical Industry, 879 ; Mrs. Hertha Ayrton, 8oo,
865 ; Problems of Hydrone and Water : The Origin
of Electricity in Thunderstorms, 537, 827; The
Occurrence of Urease, 620; the origin of osmotic
effects, 119

Armstrong (L.), excavations at Grimes’ Graves, Norfolk,
during the past summer, 746 ;

Arnold (Dr. G.), Report of the Rhodesia Museum, Bula-
wayo, 1922, 215

Ashworth (Prof. J. H.), Some Bearings of Zoology on
Human Welfare, 444 ; Some Developments of Modern
Zoology, 730 ; Zoology and its Human Aspects, 420

Astbury (W. T.), Symmetry of Calcium Thiosulphate
Hexahydrate, 53

Aston (Dr. F. W.), conferment upon, of an honorary
degree by Birmingham University, 72; Further
Determinations of the Constitution of the Elements
by the Method of Accelerated Anode Rays, 449 ;
presented with the” Paterno medal, 17; The Mass-
spectrum of Copper, 162

Atkins (Dr. W. R. G.), Pink and Blue Flowers, 876 ; and
M. V. Lebour, The Hydrogen Ion Concentration of
the Soil and of Natural Waters in Relation to the
Distribution of Snails, 119

Atkinson (R. H.), Separation of Common Lead into
Fractions of Different Density, 282

Aubel (E.) and R. Wurmser, The Formation of Glucose
at the Expense of Alanine and of Lactic and Pyruvic
Acids, 780

Audubret (R.), Influence of Polarisation on Photovoltaic
Effects, 958

Auger (P.), The Secondary B-rays produced in a Gas by
the X-rays, 226

Ayrton (Mrs. Hertha), [death], 332 ; [obituary article], 8oo

B. (M. C.), Painted Pebbles from the North-East Coast of
Scotland, 506

Bachellery (A.), The Electrification of the French Midi
Railway, 873

Bacon (Mrs.), bequest to the Smithsonian Institution, 214

Baddeley (St. Clair), Excavations at Cirencester, 373

Bailey (C. R.), A Crystallisation Phenomenon, 10

Bailey (S. I.), Stars in the Milky Way and at the Galactic
Pole, 110

Baillaud (B.), New Transit Instrument at Paris, 600

Baillaud (J.), The Astronomical Station of the Pic du
Midi, 460 ; The Distribution of the Energy in Stellar
Spectra made at the Pic du Midi Observatory in 1920
and 1921, 380

Baines (Sir J. Athelstane), The International Statistical
Institute and its Fifteenth Session, 851

Baird and Tatlock (London), Ltd., Standard Catalogue of
Scientific Apparatus. Vol. 1, Chemistry, 403

Bairstow (Prof. L.), Aeronautical Research, 641 ; The
Helicopter : Is it worth a Prize ? 229

Baker (C.), catalogue of second-hand scientific instru-
ments, 842



iv

Name

Nature,
February 2, 1924

Index

Baker (Prof. H. B.), awarded the Davy medal of the
Royal Society, 699, 848

Baker (Prof. H. F.), Principles of Geometry. Vol. 2, 428

Balfour (Dr. A.), appointed director of the new London
School of Hygiene, 667

Balfour (H.), Certain Aspects of the Technology of the
Nagas of Assam, 921

Balfour (thelate Sir Isaac Bayley), proposed memorialto, 632

Ballard (E.), The Control of the Paddy Stem Borer in
India, 177; and G. S. Peren, ‘“ Red Plant” in
Strawberries, 602

Baly (Prof. E. C. C.), Prof. I. Heilbron andW F. Barker,
Photochemical Production of Formaldehyde, 323

Bancroft (Prof. W. D.), Structural Colours in Feathers, 243

Banerji (R. D.), Excavations in Upper Sind, India, 20 .

Banfield (E. J.), [obituary article], 244

Banting (Dr.), voted an annuity by the Canadian Parlia-
ment, 17

Barba (A. A.), translated by R. E. Douglass and E. P.
Mathewson, El Arte de los Metales (Metallurgy), 390

Barber (H.), gift to Birmingham University, 811

Barcroft (J.), awarded the Baly gold medal of the Royal
College of Physicians, 174 ; elected Fullerian professor
of physiology at the Royal Institution, 840; and H.
Barcroft, The Hemoglobin of Arenicola, 709, 922

Bardet (J.), The Arc Spectrum of Celtium, 28

Baren (Prof. J. van) and Dr. C. H. Oostingh, River-
terraces and Glacial Episodes, 72

Barker (T. V.), X-rays and Crystal Symmetry, 502 ;
Molecular and Crystal Symmetry, 96

Barkla (Prof. C. G.), The “ J ” Phenomena and X-ray
Scattering, 723

Barnard (K. H.), Adaptation in a South African Isopod
Crustacean, 959

Barnes (Rev. Canon E. ‘W.), Evolution and Christian
Faith, 46 ; The Influence of Science on Christianity,

452, 477

Barnes (Eleanor C.), (Lady Yarrow), Alfred Yarrow :
Life and Work, 199

Barr (Prof. A.), Sir James Ewing, and C. C. Paterson,
Physics in Industry. Vol. I., 587

Barrell (H.), Silicon Lines in B-type Stars, 65

Barron (Dr. D. C.), appointed assistant lecturer in medi-
cine in Sheffield University, 920

Barus (Prof. C.), The Vibration of Air in Tubes capped at
both ends, 460 ; The Displacement of the Capillary
Electrometer, for progressive dilutions of the Elec-
trolyte, 120 ; Interferometer Experiments in Acoustics
and Gravitation, 670

Bashford (Dr. E. F.), [death], 401 ; [obituary article], 481

Bateman (H.), Light-Quanta and Interference, 239

Bates (L. F.) and J. S. Rogers, Long-range Particles from
Radium-active Deposit, 435, 938

Bateson (Dr. W.), Experiments on Alytes and Ciona, 899 ;
The Inheritance of Acquired Characters in Alytes, 391 ;
The Revolt against the Teaching of Evolution in the
United States, 313

Bathellier (J.), Correction relating to the Nests of Eu-
termes, 380

Bather (Dr. F. A.), Chadwick’s Asterias, 432 ; Linnean
Nomenclature, 830 ; Scientific Names of Greek
Derivation, gor ; Zoologlcal Bibliography, 794

Batson (R. G.) and ] H. Hyde, Mechanical Testing : a
Treatise in two volumes. Vol. 2, 467

Baudisch ™ (Dr. O.), Formation of Organic Compounds
from Inorganic by the Influence of Light, 254

Bauer (Dr. L. A.), The Earth’s Magnetic Field for 1922,
249, 295 ; Solar Activity and Atmospheric Electricity,
203; The Relation between Solar Activity and
Atmospheric Electricity, 686

Baxter and Scott, Atomic Weight of Boron, 772

Baylis (Dr. H. A.), The Host-distribution of Parasitic
Thread-worms (nematodes), 745; and R. Daubeny,
Parasitic Nematodes, 293

Bayliss (Sir William M.), Interfacial Forces and Pheno-
mena in Physiology : being the Herter Lectures in
New York in March, 1922, 579 ; Light and Health,

his

197 ; The Vaso-motor System, 579 ; Vitamins, 576
Beard (Prof. J. T.), Mine Examination Questions and
Answers. 3 parts, 932

Beasley (H. G.), The Easter Island Statues, 334

Beck (E. G.), Real Mathematics: Intended mainly for
Practical Engineers as an aid to the study and com-
prehension of Mathematics, 685

Beck, Ltd. (R. and J.), New Dissecting Microscope, 877

Becker (H. G.), Improved Methods of Evaporation under
Laboratory Conditions, 118 ; and W. E. Abbott,
Rapid Gasometric Method of estimating Dlssolved
Oxygen and Nitrogen in Water, 119

Beckett (T. A.) and F. E. Robinson, Plane Geometry for
Schools. Part II., 649

Beckmann (Dr. E.), 7oth birthday of, 109; [death], 172

Bedel (C.), The toxic power of a polymer of hydrocyanic
acid, 120

Bedos (P.), Ortho-cyclohexyl-cyclohexanol, 851 ; Ortho-
phenyl-cyclo-hexanol and the bromhydrin of 1-2,
cyclohexane diol, 184

Beebe (W.), A Monograph of the Pheasants.
Vol. 4, 574

Beijerinck (Prof. M. W.), Ureas as a product of Bacterium
radicicola, 439

Beilby (Sir Georgé), opening of the new metallurgy
buildings of Manchester University, 407 ; Pioneers of
Metallurgy, 561

Belaiew (N. T.), The Genius of Widmanstatten Structure
in Meteorites and in Terrestrial Alloys, 779

Bell (Prof. F. Jeffrey), Scientific Names of Greek Deriva-
tion, 165

Bell (Dr. L.), [obituary article], 172

Benedict (F. G.) and E. G. Ritzman, Under-nutrition in
Steers, 770

Benedict (Dr. R. C.), Laws in the U.S.A. to protect Rare
‘Wild Plants, 332

Bengough (Dr.), R. May, and Miss Pirret, Corrosion of
Condenser Tubes, 704

Benny (L. B.), Plane Geometry : an account of the more
elementary properties of the conic sections treated by
the methods of co-ordinate geometry, and of Modern
Projective Geometry, with applications to Practical
Drawing, 587

Benoit (C.) and A. Helbronner,
Radiations, 747

Benson (Prof. W. N.), Distribution of Land and Sea in
Past Times in Australasia, 521

Bergson (H.), Durée et simultanéité: a propos de la
théorie d’Einstein. Deux. édition, 426

Berkeley (C.), Is the Pentose of the Nucleotides formed

under the Action of Insulin ? 724

(L.), Bromodiphenylmethane and the Grignard
reaction, 347 ; The Preparation and Application to

Organic Syntheses of the Magnesium Derivative of

p-bromcumene, 408

Bertrand (G.), Transport of Copper in the Gaseous State
and Copper-carbonyl, 887 ; and B. Benzon, A Kind

In 4 vols.

The Antagonism of

Bert

of Physiological Mutation observed in Mice, 347 ; and
Mlle. S. Benoist, The Nature of ** Celloisobiose,”” 184
Best (E.), Occurrence of the Lizard in Maori Carvings, 556
Beveridge (H.), Shakespeare and the Indian Meteors of
1592, 57
Beveridge (Sir William), Population and Unemployment,
421, 548

2

Bewley (Dr. W. F.), Minute ‘ Organisms *’ isolated from
the Virus of Mosaic Disease of Tomato, 903

Beyne (J.), Origin of the Accidents caused by Strong
Atmospheric Depressions, and on the Protection of
the Aviator against troubles of Anoxhcemic order, 120

Bianco (O. Z.), Stellar Positions and the Einstein Light-
bending, 372

Bidder (Dr. G. P.), Circulation of Water in Sponges, 404

Bidder (Rev. H. J.), [death], 629 ; [obituary article], 663

Biggs (Dr. H.), [obituary], 288

Bilby (J. S.), Reconnaissance and Signal Building, 18

Bilby (J. W.), Among Unknown Esklmo 469

Bishop (A. H.) and his son, gift of Coleoptera and Lepl-
doptera to Glasgow University, 811

Bisset (C.), awarded the Fullerton scholarship ofAberdeen
University, 883

Blackburn (Kathleen Bever), Sex Chromosomes in Plants,
687

Blackman (Prof. V. H.), A. T. Legg, and F. A. Gregory,
Effect of a Direct Electric Current on the Rate of
Growth of the Coleoptile of Barley, 26
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Blackwell (Miss E. M.), The Flora of Solomon’s Pools, 813

Blakely (W. F.), The Loranthacez of Australia. Part
IV, 348 :

Bland (M. C.), Handbook of Steel Erection, 617

Bloch (E.), Les Phénomeénes thermioniques, 787

Bloch (L. and E.), New Extension of the Spark Spectra
of Tin and Zinc in the Schumann Region, 887

Blondel (A.), A Rational Method for Tests and Specifica-
tion of Triode Lamps intended to work as Valves, 380

Bloxam (C. L.), Eleventh edition, revised by A. G.
Bloxam and Dr. S. J. Lewis, Chemistry, Inorganic
and Organic : with Experiments, 434

Boerema (Dr. J.), Rainfall in Sumatra, 914

Bohr (Prof. N.), The Structure of the Atom, 29

Bolton (E. A.), The Cause of Red Stains on Sheet Brass,

90

Bonaflcina (L. C. W.), Barometric Pressure in High Lati-
tudes, 100, 325 ; The European Drought of 1921, 488 ;
Polar Climate and Vegetation, 436

Bone (Prof. W. A.), Gaseous Combustion at High
Pressures, 364

Bongards (H.), Positive Rays and the Polar Aurora, 405

Bonney (Canon T. G.), The goth birthday of, 140 ; [death],
871 ; funeral of, 948

Bonnier (C.), Aqueous Solutions of Ammonium Bicar-
bonate, 711

Boodle (L. A.), Nitrogen-fixing Bacteria in Leaf Nodules,

703

Booth (E. H.), Atmospheric Dust and Atmospheric Ionisa-
tion, 639

Booth (Mildred) and F. Schlesinger, Parallaxes of Fifty-
seven Stars, 176

Bordas (]J.), A Cause of Error in the Iodlbauer Method for
the Estimation of Total Nitrogen, 711

Borley (J. O.), The Marine Deposits of the Southern North
Sea, 706 ; and others, Recent Fishery Investigations,
250

Bose (Sir J. C.), Effect of Infinitesimal Traces of Chemical
Substances on Photosynthesis, 95; The Physiology
of the Ascent of Sap, 234

Boswell (Prof. P. G. H.) and J. Reid Moir, Flint Imple-
ments at Foxhall Road, Ipswich, 224

Boule (M.), the services of the late Prince Albert I. of
Monaco to the study of man, 19

Bourguel (M.), Action of Sodium Amide on the Chlorides
derived from an Aldehyde or a Ketone by the use of
Phosphorus Pentachloride, 780 ; The Preparation of
true Acetylene Hydrocarbons by Sodium Amide, 711

Bourion (F.) and E. Rouyer, The Association of Mercuric
Chloride, 152 ; The Determination of Double Salts
in Solution by the Boiling-point Method, 28

Boutaric (Prof. A.), La Vie des atomes, 161

Bouvier (E. L.), Ormiscodes gregatus, 958 :

Bowen (R. H.), The Origin of Secondary Granules, 815

Bower (Prof. F. O.), Botany of the Living Plant. Second
edition, 51 ; elected president of the Royal Society
of Edinburgh, 667; Size and Form in the Vascular
Tracts of Primitive Plants, 112 ; The Present Outlook
on Descent, 710; The Ferns (Filicales) treated com-
paratively with a view to their Natural Classification.
Vol. I., 499

Bowie (Prof. W.), Isostasy, 843

Bowley (Prof. A. L.), Death-rates, Density, Population
and Housing, 74

Boycott (Prof. A. E.), The Concentration of Hemoglobin
in Blood Corpuscles, 164

Brady (Dr. O. L.), conferment upon, of the title of reader
in organic chemistry, 149

Bragg (Sir William H.), X-rays and Crystal Symmetry,618;
The Lengths of the Carbon Chains in the Fatty Acids
and Esters, 180; and Prof. G. T. Morgan, Crystal
Structure and Chemical Constitution of Basic Beryl-
lium "Acetate and Propionate, 778; and others,
Cohesion and Molecular Forces, 773

Brambell (F. W. R.) and Prof. J. B. Gatenby, The Sup-
posed Homology of the Golgi Elements of the Mam-
malian Nerve Cell, etc., 922

Brame (Prof. J. S. S.), Fire Hazards and Fire Extinction
on Oilfields, 344

Bramley (A.), Notion of an Electric Particle in a Riemann
Space, 460

Brammall (A.) and H. F. Harwood, The Accessory
Minerals of the Dartmoor Granite, 117

Brauner (Prof. B.), elected an honorary foreign member
of the French Chemical Society, 401

Brazier (C. E.), The Magnetic Agitation at Parc Saint-
Maur and at Val-Joyeux, and its relation with Solar
Activity, 75 ‘

Brecher (L.) and F. Winkler, The agreement of positive
and negative ‘‘ dopa ’-reactions both in frozen
sections and extracts, 675

Breguet (L.), Calculation of the Weight of Combustible
consumed by an Aeroplane during Ascent, 814

Breit (G.), The Heisenberg Theory of the Anomalous
Zeeman Effect, 396 ; The Interference of Light and
the Quantum Theory ; The Width of Spectral Lines
due to Collision and Quantum Theory, 228

Brenans (P.) and C. Prost, The p-iod-oxybenzoic Acids, 747

Brentano (Dr. J.), A New Method of Crystal Powder
Analysis by X-rays, 652

Brepson (Mlle.), The Formation of Soils in the Region of
Saulien (Morvan), 75

Bresson (P.), Manuel du Prospecteur, 430

Breton (Miss A. C.), [obituary article], 62

Bridel (M.), Biochemical Study of the Composition of
Monotropa Hypopitys : a new Glucoside, Monotro-
peine, 28 ; Biochemical Study on the Composition of
Monotvopa hypopitys, 674 ; and J. Charpentier, The
Biochemical Characterisation of Galactose in a
Mixture- containing Galactose and Arabinose, 815 ;
and P. Delauney, Properties of Loroglossin and its
Products of Hydrolysis : Glucose and Loroglossi-
genine, 747

Bridgman (Prof. P. W.), Heat Conduction in Liquids, 915 ;
The Thermal Conductivity of Liquids, 815

Bridré (J.) and A. Donatien, The Micro-organism of
Contagious Agalaxy and its Culture iz vitro, 780

Brillouin (L.), La Théorie des quanta et ’atome de Bohr,
232 ; The Possibility of Studying the Phenomena of
Radiotelegraphy on Reduced Models, 75

British Drug Houses, Ltd., Standard Lactose B.D.H., 291

Brodie-Brockwell (Rev. C. A.), Early Arithmetical Pro-
cesses, 601

de Broglie (L.), Waves and Quanta, 540

de Broglie (M.), Les Rayons X, 125

Brooks (C. E. P.), Sea Temperature, Pressure Distribution,
and Weather of May 1923, 112 ; Variations in Level
of Lake Victoria Nyanza, 456 ; Weather Influences
in the British Isles, 834

Brooks (F. T.), Virus Diseases of Plants, 955 ; and others,
Silver-leaf Disease, 740

Brown (Prof. Campbell), bequests to Liverpool University,
116

Brown (F. J.), appointed assistant lecturer in zoology in
Leeds University, 638

Brown (J. C.), The occurrence of Osirea gryphoides
Schlotheim in Calcutta, 227

Brown (R.), Some Recent Measurements of Transatlantic
Radio Transmission, 228

Brown (Dr. R. N. Rudmose), with five chapters by W. G.
Burn Murdoch, A Naturalist at the Poles : the Life,
Work, and Voyages of Dr. W. S. Bruce, the Polar
Explorer, 821

Brown (S. G.), The Frenophone, 673

Browndson (H. W.), Brinel Hardness Numbers, 490

Browne (Dr. C. A.), appointed chief of the U.S. Bureau of
Chemistry, 402

Browne (Prof. A. W.), A suggested modification of

“ Proton "’ to ‘‘ Prouton ’ as a memorial to William
Prout, 793 i

Brownlee (Dr. J.), Log I' (#) from #=1I to 50-9 by intervals
of o1, 322

Bruce (Sir David), nominated as president of the Toronto
meeting of the British Association, 401 ; elected
president of the Toronto meeting: of the British
Association, 452 ; presented with the Manson medal
of the Royal Society of Tropical Medicine and
Hygiene, 842

Bruce (J.), The Americas, 201

Bruce (Rt. Hon. S. M.), an honorary doctorate conferred
upon, by Edinburgh University, 920; elected an
honorary fellow of Trinity Hall, Cambridge, 777
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Brunner, Mond and Co., Ltd., Water Treatment, 518

Bruylants (P.) and J. Gevaert, Reaction between Organo-
magnesium Compounds and Nitriles, 959

Bryant (V. S.), Introduction to Practical Mathematics, 685

Bubb (Prof. F. W.), Direction of g-rays produced by
Polarised X-rays, 363

Buckley (H. E.), Some Anomalous Optical Properties of
griashly-prepared Mixed Crystals of the Seignette

alts, 778 -

Bull (A. J.), Defects in Colour Photographs, 405

Buller (Prof. A. H. R.), Researches on Fungi. Vol. 2, 614

Bunbury (H. M.), The Destructive Distillation of Wood,
157

Burckhalter (C.), [death], 663

Burkitt (M. C.), Discovery in Northern Spain of an
Industry which appears to be Transitional between
the late Paleolithic and the Opening of the Neolithic
Ages, 746

Burnet (E.), Irregular Reactions of the Filtrate from Broth
Culture in Goats infected with Micrococcus melitensis,
380

Burns (C. D.), The Contact between Minds :
physical Hypothesis, 236

Burrows (G. J.) and F. Eastwood, Molecular Solution
Volumes in Ethyl Alcohol, 408 :

Burton (W.), Dutch Potters and Their Work, 893

Burton (W.), Chinese Potters and Porcelain, 89

Bury (H.), The Distribution of Palaoliths in the Hamp-
shire Basin, 746

Bushnell (D. I.), Indian Villages in the Eastern United
States, 703

Bitikofer (E.), The Swiss National Park and its Mollusca,
248

Butler (J. A. V.), Heterogeneous Equilibria. Pt. I., 851 ;
The Significance of the Electrode Potential, 778

Buxton (E. N.), Epping Forest. Ninth edition, 617

Buxton (L. H. D.), The Inhabitants of Inner Mongolia, 850

Buxton (T. B.), appointed professor of animal pathology
in Cambridge University, 255

Buxton (Dr. P.), leading an expedition to Samoa for the
medical study of the depopulation of the Pacific, 767

Bygott (J.), Eastern England: Some Aspects of its
Geography, with special reference to Economic
Significance, 825

a Meta-

Caillas (A.), The Composition of Propolis of Bees, 958

Caille (M.) and E. Viel, The Detection of Small Quantities
of Antimony and Bismuth in Biological Liquids, 28

Cambridge and Paul Instrument Co., Ltd., Temperature-
measuring Instruments, 844

Cameron (T. W. M.), A Nematode of Sheep, 373

Campbell (J. A.), Influence of Atmospheric Conditions
upon the Pulse-rate and ‘° Oxygen-debt ” after
Running, 885

Campbell (Dr. N. R.), Inventors and Patents, 350 ;
Modern Electrical Theory. Supplementary Chapters.
Chapter 17: The Structure of the Atom, 895;
Traduit et adapté en Francais par Mme. A. M.
Pébellier. Les Principes de la physique, 860 ; B. P.
Dudding and J. W. Ryde, A Substitute for the
McLeod Gauge, 651

Campbell (Prof. W. W.) and R. Trumpler, Further Search
for Intra-mercurial Planets, 485; The Solar Eclipse
of 1922 and Einstein’s Theory, 485

Cannon (G.), Chromosome Movements in Nuclear Division,

177

Cardinall (A. W.), Fire-making on the Gold Coast, 556

Carlo (G.) and J. Franck, The Quantum Equivalent in
Photo-electric Conduction, 882

Carpenter (Prof. G. H.), Warble-flies of Cattle, 887

Carpenter (Dr. G. H. D.), Artificial Breeding Places as a
Means of Control of Glossina palpalis, 67

Carpenter (Prof. H. C. H.), Bessemer Steel, 830; Dr. J. E.
Stead, 8or; More Applications of Physics, 462 ;
The Production of Single Metallic Crystals and some
of their Properties, 58

Carpenter (Kathleen E.), Distribution of Limnea pereger
and L. truncatula, 9

Carr (Prof. H. Wildon), Essence and Existence, 572 ; The
Pascal Commemoration on the Puy de Déme, 114 ;
Time lived and Time represented, 426

Carroll (D. C.), elected to the Michael Foster research
studentship in Cambridge University, 149

Carse (G. A.) and D. Jack, The X-ray Corpuscular
Emission from Iron in a Magnetised and Unmagnetised
State, 151

Carter (G. S.), Structure and Movements of the Latero-
frontal Cilia of the Gills of Mytilus, 885

Cartwright (Dr. E.), The Centenary of the Death of, 631

Carus-Wilson (C.), A large Sarsen Stone, 653; Tubular
Cavities in Sarsens, 324

Casella and Co., Ltd., Catalogue of Surveying and Drawing
Instruments, etc., 769

Cash (L. S.) and C. E. Fawsitt, Estimation of Cineol in
Essential Oils by the Cocking Process, 564

Casson (S.), Mycenaan Elements in the North ZAgean, 770 ;
Rugby and Hockey in Ancient Greece, 144

Cave (C. J. P.), Proposed International Survey of the
Sky, 363 ; and G. A. Clarke, 282
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Crawford (O. G. S.), Air Survey and Archeology, 217
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Dangeard (P. A, and P.), The Vitality of Leaves of
Aucuba preserved in a Vacuum, 119

Daniel (Prof. J. F.), The Elasmobranch Fishes, 616

Daniell (Dr. P. J.), appointed to the Town Trust chair
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Frischauf (Dr. J.), Grundriss der theoretischen Astronomie
und der Geschichte der Planetentheorien. Dritte
Auflage, 644

Fromageot (C.), Influence of the Concentration of Salts
in Sea Water on the assimilation of Green Algae, 747

Fryer (J. C. F.) and ]. Davidson, The Colorado-beetle
Problem, 885

Fujita (T.), Myxosporidia Parasitic upon Japanese Flat

; Fishes, 144 ;

Galsworthy (J.), International Thought, 889

Gardiner (Prof. J. S.), The Application of Science to the
Fishing Industry, 872

Gardner (C. A.), The Flora of Western Australia, II., 75

Garnett (C. S.), The *“ Toadstone-clays *’ of Derbyshire, 117

Garrett (F. C.) and Dr. J. W. H. Harrison, Melanism in the
Lepidoptera and its Possible Induction, 240

Garside (S.), The Forms of Hypoxis stellata, Linn. {., 745

Garstang (Prof. W.), Songs of the Birds. Second edition,
466

Gaster (L.), Good Lighting as an Aid to Safety, 911 ;
Progress of Illuminating Engineering, 768

Gaster (Dr. M.), Gypsy Slavery, 669

Gatenby (Prof. J. B.), Fixation of Human Embryological
and Cytological Material, 830; The Formation of
New Egg Cells during Sexual Maturity, 8; The
Human Ovary, with special reference to the Corpus
Luteum of Ovulation, 923

Gates (Prof. R. R.), Cytology of Mutation, 951 ; Heredity
and Eugenics, 822

Gaubert (P.), The Determination of Minerals by the
Microscopical Examination of the Streak left on a
Hard Body, 852

Gault (H.), The Soluble Ester Salts of Starch and the
Higher Fatty Acids, 638; and G. Ehrmann, The
Soluble Cellulose-ether Salts of the Higher Fatty
Acids, 184

Gautier (Dr. R.), elected an honorary member of the
‘Washington Academy of Sciences, 401

Gayler (Marie L. V.), The Constitution and Age-hardening
of the Quaternary Alloys of Aluminium, Copper,
Magnesium, and Magnesium Silicide, 491

Geber, Die Alchemie des, Ubersetzt und erklart von Dr.
E. Darmstadter, 50

Geikie (Sir Archibald), Birthday of, 947

Gelinsky (D.), The Metallisation of Organisms, 888

Geloso (M.), Isotherms of the Adsorption of Salts by
Manganese Dioxide, 119

Genese (Prof. R. W.), An Einstein Paradox : an Apology,
283 .

Giblett (M. A.), Scientific Exhibition at British Association
Meeting, 457 ; The Thunderstorm of July 9-10 over
Southern England, 113; Upper Air Conditions after
a Line-squall, 863

Gibson (Prof. G. A.), Mathematical Work of James
Gregory, 913

Gifford (A. C.), Prof. Lindemann’s Theory of the Spiral
Nebula, 520

Gilchrist (Miss Elizabeth), The Slow Oxidation of Phos-
phorus, 151

Gilchrist (Grace G.), Bark Canker of Apple Trees, 144

Gilchrist (Prof. J. D. F.), a Protozoal Parasite of the
Snoek, Chloromyxum thyrsites, sp. n., 924

Gildemeister (E.) and F. Hoffmann. Second edition, by
E. Gildemeister. Translated by E. Kremers. The
Volatile Oils, third volume, 581

Gill (E. L.), A Mountain Mirage, 239

Gillet (A.), Researches on Electrodiffusion (Migration of
the Ions), 304 ; and F. Giot, The Treatment of Fibre
with Cuprous Salts before Dyeing, 119

Gillet (C.), Aqueous Solutions, 304

Gilluly (J.) and K. C. Heald, Petrography of Drill-cuttings
from Oil-wells, 67

Ginsberg (M.), The Category of Purpose in Social Science,
118

Giral (J.) and F. A. Gila, The Use of Sodium Chloride as
a Standard in the Estimation of the Halogens in Sea
Water, 28

Glauert (L.), An Annotated List of Lizards from Wallal,
75; The Fauna of Western Australia, III., 75, IV., 76

Glazebrook (Sir Richard), Large Scale Research in Abstract
Science, 121

Gleichen (Dr. A.), [obituary article], 870

Glichitch (L. S.), The Estimation of Easily Dehydrated
Alcohols in Essential Oils, 304

Glixelli (S.), The Influence of Neutral Salts on the Silica
Gels, 28

Glover (Dr. B. T. J.), Faults in Photography, 702

Godman (F. du Cane) and O. Salvin, a mural tablet to,
unveiled at the Natural History Museum, 175

Godwin (H.), appointed junior demonstrator in botany in
Cambridge University, 607

Godwin-Austen (Lt.-Col. H. H.), [death], 871 ; [obituary
article], 946

Goldenweiser (Dr. A. A.), Early Civilisation: an Introduc-
tion to Anthropology, 198

Goldschmidt (Prof. R.), translated by Prof. W. J. Dakin,
The Mechanism and Physiology of Sex Determina-
tion, 927

Goodchild (J. H.), Landscape and History, 735

Goodwin (Eng.-Vice-Admiral Sir G. G.), Sir Alfred Yarrow,
199

Goodyear (Prof. W. H.), [obituary], 551

Gorczinski (L.), Diminution of Intensity in the Red
Portion of the Solar Radiation, observed in Europe
and at the Equator, 747

Gordon (J. W.), Generalised Linear Perspective : treated
with special reference to Photographic Land Survey-
ing and Military Reconnaissance, 194

Gordon (S.), Hebridean Memories, 679

Gordon (W. T.), The Genus Pitys, 27

Goudie (Prof. W. J.), gift to Glasgow University for a
bursary, 811

Gough (H. J.) and D. Hanson, The Behaviour of Metals
subjected to Repeated Stresses, 813

Graetz (Prof. L.), translated by Dr. G. Barr, Recent
Developments in Atomic Theory, 895

Graff (C.), foundation of a fellowship for a British graduate
of Oxford or Cambridge at an American University,

i

Graire (A.), The Estimation of Sulphonitric and Sulpho-
nitrous Acids, 780

Grant (J.) and Prof. J. R. Partington, Concentration Cells
in Methyl Alcohol, 151

Gray (Prof. A.), impending retirement of, 116

Gray (J.), The Mechanism of Ciliary Movement, IV., 885

Greaves (Prof. J. E.), Agricultural Bacteriology, 49

Green (Prof. A. G.), resignation from the British Dyestuffs
Corporation, 331

Green (H. E.), reappointed second assistant at Cambridge
Observatory, 607

Green (R. B.), A Manual of Human Anatomy for Dental
Students, 501

Greenwood (G.), The Detection of Rotatory Polarisation
in an Orthorhombic Crystal exhibiting Crossed Axial
Dispersion, 118

Gregory (C. C. L.), Optical Works of Messrs. Adam Hilger,
Ltd., 223

Gregory (Prof. J. W.), The Geological Society of China,
883 ; The Structure of the Great Rift Valley, 514

Gregory (Sir Richard), The Relation of Science to Progress,
803 ; The Vault of Heaven: An Introduction to
Modern Astronomy. Second edition, 783

Gregory (Dr. W. K.), The Gorilla’s Foot, 758, 933 ; R. W.
Miner and G. K. Noble, The Cheiropterygium in
Amphibia, 806

Greig-Smith (R.), The High Temperature Organism of
Fermenting Tan-bark, II., 76 ; The High Tempera-
ture Organism of Fermenting Tan-bark. III., 924

Griffith (I. O.), The Measurement of very High Tempera-
ture, 589

Griffiths (B. M.), grant to, by the Newcastle and Gates-
head Water Company, for research purposes, 777

Grignard (V.) and M. Dubien, The Condensing Action of
the Mixed Magnesium Alcoholates, ROMgX., 347 ;
and R. Escourrou, The Tertiary Methylheptenolds :
their Catalytic Hydrogenation, 184 ; J. Dceuvre and
R. Escourrou, The Constitution of Natural Methyl-
heptenone, 711

Groth (Prof. P. von), Special volume of the Zeitschrift fiiv
Kristallographie in honour of, 519
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Groume-Grjimailo (Prof. W. E.), translated. With an
Appendix upon the Design of Open-Hearth Furnaces,
The Flow of Gases in Furnaces, 755

Grove (Dr. A. J.), A Method for Demonstrating the Stages
in the Life History of Monocystis in Practical Class
Work, 397

Griin (Dr. A.) and R. Limpacher, Synthesis of Lechithin,
772

Grunmach (Dr. L.), [death], 871

Guérard (Prof. A. L.), A Short Hlstory of the International
Language Movement, 429

Guest (D.), appointed assistant bacteriologist in Sheffield
University, 183

Guillaume (J.), Observations of the Sun made at the
Observatory of Lyons, 711, 887

Guillaumin (A.), The Vacuum as a means of prolonging
the Germinating Faculty of Seeds, 28

Guillet (L.), The Electrical Resistance of Commercial
Aluminium, 851 ; and M. Ballay, Influence of Cold
Hardening on the Resistance of Metals and Alloys, 75

Guilliermond (A.) and G. Mangenot, Cytological Observa-
tions on the Mode of Formation of Essential Oils, 639

Gunther (R. T.), Vertebrae of Steneosaurus with Dis-
coloured Grooves, 910

Giinther-Schulze (A.), Temperature of the Crookes Dark
Space in Glow Discharge, 557

Guntz (A. A.), Phosphorescent Sulphide of Zinc, 460

Guppy (H. B.), Suggested Botanical Exploration of the
Higher Summits of the Cape Verde Islands, 472

Gutton (Prof. C.), La Lampe a trois électrodes, 161 ; S.
K. Mitra and V. Ylostald, The High-frequency Dis-
charge in Rarefied Gases, 119

Guye (C. E.), The Motion of the Gas in the Electro-
magnetic Rotation of the Electric Discharge, 958

Haas (Prof. A.), translated by Dr. R. W. Lawson, The
New Physics : Lectures for Laymen and others, 895

Hackspill (L.) and A. Conder, Corrosion of a Compression
Plant in the Manufacture of Liquid Carbon Dioxide,
75; @and G. de Heeckeren, A New Volumetric Method
of Elementary Analysis, 152

Haddon (Dr. A. C.), Primitive Culture Analysed, 198

Haden (Prof. R. L.), Clinical Laboratory Methods, 860

Hadfield (Sir Robert), presented with the Thomas Turner
gold medal ; History and Progress of Metallurgical
Science and its Influence upon Modern Engineering,

725

Haehl (M.), p-Chlorodiphenylsulphone, 22

Halbfass (Prof. W.), Grundziige einer vergleichenden
Seenkunde, 717

Haldane (J. B. S.), A Mathematical Theory of Natural and
Artificial Selection. Pt. I., 922 ; V. B. Wigglesworth
and C. E. Woodrow, Effect of Reaction Changes on
Human Inorganic Metabolism ; Effect of Reaction
Changes on Human Carbohydrate and Oxygen
Metabolism, 885

Haldane (Lord), The Importance of Science to Industry,
872

Hale (Prof. G. E.), appointed honorary director of the
Mount Wilson Observatory, 108 ; and Mr. Ellerman,
Polarities of Sunspots, 738

Hale (H. M.), Australian Notonectidee, 771

Hall (A. J.), Dyes and their Application to Textile Fabrics,

18

3

Hall (E. H.), The Quasi-equation of P=TdV/dT, 228

Hall (H. V.), Wood Carvings from the Congo and West
Africa, 373

Halliburton (Prof. W. D.), conferment upon, of the title
of emeritus professor, 150

Hallimond (A. F.) and F. R. Ennos, Stilpnomelane, from
North Wales, 779

Hallowes (K. A. K.), Poems of Science :
Earth History, 648

Halse (E.), Mercury Ores, 430

Halse (G. W.), The Origin of Petroleum, 761

Handy (W. G.), Tattooing in the Marquesas, 217

Hannah (J. D.) and E. L. Rhead, Crystallisation Effect on
Galvanised Iron Sheets, 490

Hansen (Prof. H. M.) and Dr. S. Werner, The Optical
Spectrum of Hafnium, 618, goo

Pages of Indian

Hanson (D.), C. B. Marryat, and Grace W. Ford, Investiga-
tion of the Effects of Impurities on Copper. Part I.,

491

Hanson (E. T.), The Elementary Algebraic Theory of a
Class of Photographic Objectives, 638

Hardy (W. B.), The Micelle—a Question of Notation, 537

Hargreaves (J.), elected president of the Chaldean
Society, 64

Harker (Dr. J. A)), [death] 599 ; [obituary article], 629

Harkms (Prof. W. D. W. Ryan, A Method of
Photographing the D1smtegrat10n of Atoms and of
Testing the Stability of Atoms by the Use of High-
speed Alpha Particles, 54 ; Atomic Disintegration, 634

Harkness (E. S.}, gift to the New York Zoological Society,
768

Harkness (Prof. J.), [death], 871

Harling ( VV H.), The Hatchett Pla.mmeter and Panto-
graph, 176

Harmer (Sir Sidney F.), Scientific Names of Greek Deriva-
tion, 165

Harries (Prof. C.), [death], 698

Harries (H.), The Metric Campaign, 363

Harris (G. W.), A Waltzing Mouse, 939

Harris (P. W.), Your Broadcast Receiver and How to
Work It: Hints and Tips for the Radio Listener.
Second impression, 358

Harrison (Sir Heath), gift to Liverpool University, 848

Harrison (H. H.), Printing Telegraph Systems and
Mechanisms, 649

Hartland (Dr. E. S.), awarded the Huxley medal of the
Royal Anthropological Institute for 1923, 840

Hartridge (Dr. H.), The Accuracy of Visual Observation
and Measurement, 335; The Eye and Vision, 532

Hartung (E. J.), The Mount Wilson Solar Observatory, 348

Haughton (S. H.) and A. W. Rogers, The Volcanic Rocks
of Zuurberg, 959

‘Hawkins (Dr. E.), Medical Climatology of England and

Wales, 932

Hawkins (E. M.), The Streatfeild Memorial Lecture, 667

Hawksley and Sons, Catalogue of Apparatus, 950 :

Hay (O. P.), Fossil Bison “from Central Minnesota, 67 ;
The Pleistocene of North America and its Vertebrates,
III

Hayden (Sir Henry) [death], 371; [obituary article], 450

Haynes (Miss E. J. M), awarded the Frances Wood
memorial prize of the Royal Statistical Society, 804

Haynes (F. H.), The Amateur’s Book of Wireless Circuits,
278

Hayward (Dr. W. T.), awarded the gold medal of the
British Medical Association in Australia, 18

Heaton (N.), Lichens and their Action on the Glass and
Leadings of Church Windows, 505 ; Dr. E. Mellor, 506

Heawood (E.), a hitherto unknown Ttalian World ) Map, 664

Hedley (C.), Studies on Australian Mollusca. Part XIV.,
460

Heidelberger (Dr. M.), An Advanced Laboratory Manual
of Organic Chemistry, 580

Helbronner (A.) and G. Bernstein, The Action of the
Antioxygens on Rubber, 227

Henderson (].), Stirling’s Theorem, 96, 726

Hendrick (Prof.), Control of Finger-and-toe by Liming, 602

Hennig (Prof. E.), Geologie von Wiirttemberg nebst
Hohenzollern. Erste Lief., 717

Henri (Prof. V.), Molecular Polarity deduced from the
study of Absorption Spectra, 181

Henry (A. J.), Sunspots and Air Temperature in America,
602

Henry (Dr. Lydia), appointed Warden of the Household
and , Social Science Department, King’s College for
‘Women, 183

Henry (M.) and W. L. Hindmarsh, Stypandra glauca (a
suspected Poison Plant), 256

Henry (Miss Marguerite), A Monograph of the Freshwater
Entomastraca of N.S.W. Part III., Ostracoda, 304

Hepburn (J. R. I.), Stereoisomerism among Derivatives
of Diphenyl, 439

Hepperger (]J.), The heliocentric velocity of Meteors, 675

Herber (Dr. J.) and others, Tattooing and Lip Distortion,

633
Herbert (Dr. S.), The Unconscious Mind: a Psycho-
Analytmal Survey, 787



xii

Name [ndex

Nature,
February 2, 1924

Herdman (Sir William A.), Founders of Oceanography and
their Work : an Introduction to the Science of the
Sea, 784 :

Heritsch (Dr. F.), Die Grundlagen der alpinen Tektonik, 717

Heron-Allen (E.) and A. Earland, The Foraminifera of
Lord Howe Island, 118

Hertzsprung (Dr. E.), Studies in Stellar Masses, 555

Herzog (Prof. T.), Die Pflanzenwelt der bolivischen Anden
und ihres 6stlichen Vorlandes, 500

Hess (Dr. C.), [obituary article], 551

Hevesy (Prof.), Absorption and Translocation of Lead by
Plants, 772

Hewitt (Prof. J. T.), Synthetic Colouring Matters: Dye-
stuffs derived from Pyridine, Quinoline, Acridine and
Xanthene, 531

Heycock (C. T.), elected president of the Cambridge
Philosophical Society, 736

Hill (Prof. A. V.), gift to Manchester University, 777 ;
inaugural lecture at University College, 631 ; Mus-
cular Exercise, 63, 77 ; the work of, 664

Hill (Dr. A. W.), Plants in relation to the Health of Man,

376

Hill (G. F.), New Termites from Central and South-East
Australia, 76

Hill (Dr. L.) and others, Kata-thermometer studies, 66

Hill (Squadron-Leader R. M.), The Manceuvres of In-
verted Flight, 953

Hiltner (Prof. L.), [death], 172

Hingston (R. W. G.), A Naturalist in Hindustan, 501

Hinks (A. R.), Maps and Survey. Second edition, go

Hinxman (L. W.), R. G. Carruthers, M. Macgregor, and
others, The Geology of Corrour and the Moor of
Rannoch, 354

Hober (Prof.), Physikalische Chemie der Zelle und der
Gewebe. Fiunfte auflage, 1 Halfte, 93

Hobson (Prof. E. W.), The Domain of Natural Science :
the Gifford Lectures delivered in the University of
Aberdeen in 1921 and 1922, 567

Hobson (R. L.), The Wares of the Ming Dynasty, 89

Hoffert (W. H.), appointed research chemist to the Joint
Research Committee of the National Benzole Associa-
tion and the University of Leeds, 840

Hoffman (Dr. F.), Cancer in the United States, 66

Hogben (Dr. L.), The Mechanism of Amphibian Colour
Response, 151; and F. R. Winton, A Physiological
Function of the Pituitary Glands, 374

Hogner (E.), Theory of Ship Waves, 294

Holdich (Sir T. H.), Arabia and Arab Alliances, 127

Holland (Sir T. H.), Sir H. H. Hayden, 450

Holm (T.), The Morphology, Synonymy, and Geographical
Distribution of Arctic Plants, 222

Holmes (Dr. A.), The Age of the Earth, 302

Holmyard (E. J.), Berthelot’s Work on Arabic Chemistry,
700 ; Jabir ibn Hayyan, 876 ; Practical Chemistry,
358 ; The Emerald Table, 525; The Latin Works of
Geber, 50

Holt (Dr. A.), The Liverpool Meeting of the British
Association, 113, 301, 398, 523

Holt (Dr. L. E.), Food, Health, and Growth : a Discussion
of the Nutrition of Children, 94

Holway (Prof. E. W. D.), [death], 172

Holweck (M.), A Helicoidal Molecular Pump, 152; a
High-power Lamp for Wireless Telegraphy with
Removable Parts, 226

Honda and Okubo, Ewing’s New Ferromagnetic Model, 21

Hondl (Prof. S.), Stirling’s Theorem, 726

Hooley (R. W.), The Skeleton of Iguanodon atherfieldensis,
sp. nov., from the Wealden shales of Atherfield, I.W.,
813

Hoop (J. H. van der), translated by Elisabeth Trevelyan,
Character and the Unconscious: a Critical Exposi-
tion of the Psychology of Freud and of Jung, 6

Hooper (S. E.), Appreciation of Time, 373 :

Hope-Jones (F.), The Free Pendulum, 247

Hopfield (Prof. J. J.), Series Spectra in Oxygen and
Sulphur, 437; and Prof. R. T. Birge, Spectral Series
in the Oxygen Group, 790

Hopkins (Prof. E. W.), Origin and Evolution of Religion,

6

4
Hopkins (Prof. F, Gowland), awarded the gold medal of
the Royal Society of Medicine, 17

Hora (S. L.), The Adhesive Apparatus on the Toes of
certain Geckos and Tree-frogs, 76

Hornell, (J.), The Chinese Junk and Sampan, 669

Horton (F.), The Excitation and Ionisation Potentials of
Gases and Vapours, 709

Horton (W.), appointed honorary lecturer
Histology in Liverpool University, 777

Houard (Prof. C.), Les Zoocécidies des plantes d’Afrique,
d’Asie, et d’Océanie. Tome 1, Tome 2, 433

Hough (S. S.), [death], 62 ; [obituary article], 170

Houldsworth (H. S.), Influence of Rapid Chilling on the
Reversible Expansion of Clay, 923

Houstoun (Dr. R. A.), Light and Colour, 433

Howell (J. P.), University of Oxford: Institute for
Research in Agricultural Economics, An Economic
Survey of a Rural Parish, 278

Howorth (Sir Henry Hoyle), [death], 108;
article], 171

Hrdli¢ka (Dr. A.), The Teeth of Piltdown Man, 66

von Huene (Baron F.), Die Ichthyosaurier des Lias und
ihre Zusammenhinge, 276

Huestis (R. R.), The Heredity of Microscopic Hair Char-
acters in Peromyseus, 815

Huggins (M. L.), Crystal Cleavage and Crystal Structure,

in Plant

[obituary

334

Hughes (A. L1.) and P. Lowe, Intensities in the Helium
Spectrum 26

Hughes (D. K.), a New Grass, 20

Huguenard (M.), the Absolute Measurement of the Velocity
of a Current of Air, 746

Hulme (E. W.), Statistical Bibliography in relation to the
Growth of Modern Civilisation : Two lectures de-
livered in the University of Cambridge in May 1922,
585 -

Humphreys (J.) and A. W. Wellings, A Text-book of
Dental Anatomy and Physiology, 501

Hunt (E. H.), Hyderabad Cairn Burials and their Signifi-
cance, 921

Hunt (H. A.), Weather in Australia, 876

Huntington (E.), with a chapter by H. H. Clayton, Earth
and Sun : an Hypothesis of Weather and Sunspots,
681

Hutchinson (R.), The Economic Basis of Wheat-growing
in England, 734 :

Hutton (C. H.), renewal to, of a Dawnay scholarship, 674

Hutton (J. H.), Depopulation of Primitive Communities,
111

Huxley (]), Essays of a Biologist, 682 ; Late Fertilisation
and Sex-Ratio in Trout, 828 ; The Physiology of Sex-
determination, 927

Hynes (H. J.), The Helminthosporium Disease of Wheat,
564

Idrac (P.), Structure of Sea Winds and their Utilisation
for Hovering Flight, 746

Imbeaux (E.), The Artesian Basins of Australia, 27

Imbelloni (Dr. J.), Neolithic Man in Patagonia, 486

Imms (Dr. A. D.), Clothes Moths and their Control, 880

Ingall (D. H.), Experiments with some Copper Wire, 491

Inge (Dean W. R.), Science and Man, 383

Irwin (W.), The Salts of the Dead Sea and River Jordan,

I45
Irwin-Smith (Vera), Life-histories of Australian Diptera

Brachycera. II. Asilidee. No. 1, 747 ; Studies in
Life-histories of . Australian Diptera Brachycera.
(1) Stratiomyiidae. No. 4, 348

Ito (Prof. S.), Japanese Uromyces, 112

Jackson (Dr. B. Daydon), Linnwus (afterwards Carl von
Linné) : the Story of his Life, adapted from the
Swedish of Theodor Magnus Fries, Emeritus Professor
of Botany in the University of Uppsala, and brought
down to the Present Time in the Light of Recent
Research, 715

Jackson (L. C.), Paramagnetism at Low Temperatures.
Pts. I. and II., 778 ; and Prof. Kamerlingh Onnes,
The Magnetic Properties of Gadolinum Ethylsulphate
at Low Temperatures, 226 ; The Magnetic Properties
of some Paramagnetic Double Sulphates at Low
Temperatures, 778
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James (G. W.), [death], 9o8
Jarry-Desloges (R.), The Influence of the various Elements
of an Objective on the Quality of Telescopic Images,

304

Jauncey (G. E. M.) and C. H. Eckart, Is there a Change
of Wave-length on Reflection of X-rays from Crystals ?
325

Jeans (Dr. J. H.), The Equation of Van der Waals, 798

Jeffreys (Dr. H.), Tidal Dissipation of Energy, 622

Jehu (Dr. T. J.) and R. M. Craig, Geology of the Barra
Isles, 886

Jellinck (A.) and T. Koppanyi, Mental Capacity of Rats
with an Injured Brain, 675

Jenkin (A. P.), On the Structure of the Molecule, 326

Jenkinson (Dr. F. J. H.), [death], 482 [obituary article], 516

Jenness (D.) and J. Cameron, The Copper Eskimo, 951

Jennings (H. S.), Crossing-over and the Theory that the
Genes are arranged in the Chromosomes in Serial
Order, 120 ; Some Consequences of Different Extents
of Interference in the Crossing-over of the Genes, 120

Jennison (H. M.), Causal Organism of Potato Blackleg, 951

Jensen (H. I.), The Permo-Carboniferous and overlying
Systems in Central Queensland, 348

Job (P.), The Complex Ions formed by Silver Salts and
Ammonia or the substituted Ammonias, 75; and G.
Emschwiller, The Photo-chemical Reduction of Zinc
Sulphide, 347

Johnson (G.), The Star People, 783

Johnson (M. C.), appointed demonstrator in physics in
Birmingham University, 811

Johnson (Dr. W. B.) and Dr. L. Lloyd, Tsetse Flies in
Nigeria, 66

Johnson (Ven. W. G.), Nyasa, the Great Water : being a
Description of the Lake and the Life of the People, 129

Johnston (R. G.); Repellants of Clothes Moths, 622

Johnston (T. H.) and G. H. Hardy, A Revision of the
Australian Diptera belonging to the Genus Sarcophaga,

348

Johnstone (Prof. J.), The Mechanism of Life in relation
to Modern Physical Theory, 352

Jolibois (P.) and Chassevent, The Setting of Plaster, 184

Joly (Prof. J.), to deliver the Halley lecture for 1924, 673

Jones (H. Spencer), appointed H.M. Astronomer at the
Cape, 246

Jones (M. G.), Physiological Classification of Oats, 556

Jones (Dr. Tudor), Biology at the Cross-roads, 642

Jordan (Dr. D. Starr), The Days of a Man : being Memories
of a Naturalist, Teacher, and Minor Prophet of
Democracy. 2 Vols., 231

Jordan (F. C.), A Variable of very Short Period, 65

Joslin (Dr. E. P.) and Dr. F. G. Benedict, Metabolism in
Diabetes, 739

Jung (Dr. C. G.), translated by H. G. Baynes, Psychological
Types : or the Psychology of Individuation, 87

Kammerer (Dr. P.), Breeding Experiments on the Inherit-
ance of Acquired Characters, 237 ; Experiments on
Ciona and Alytes, 826

Kapitza (Dr. P.), elected to the Clerk Maxwell scholarship
in Cambridge University, 303

Karl (A.) and S. Lombard, Estimation of Radium in the
Natural Titano-niobates, 887

Karpen (N. V.), The Electromotive Force of Batteries,
Chemical Affinity, and Molecular Attraction, 408

Karsten (R.), The “ Shrunken Heads "’ of the Jibaros, 739

Kato (Prof. T.), Late Mesozoic Batholites and Ore-
deposits in Japan, 67

Kaye (Dr. G. W. C.), Dr. J. A. Harker, 629 ; Physics and
its Applications, 155 ; The Physics of the X-rays, 125;
The Practical Applications of X-rays, 277

Kearton (W. J.), Mercury as a Working Substance for
Binary Fluid Turbines, 844
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(Hook), 348

Lea (A. M.), Australian Dung Beetles, 703 ; Some Aus-
tralian Galerudices, 924
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Lee (W.T.), Correlation of Oil-sands: the Dakota Group, 177

Leech (J. V.), The Symmetry of the Internal Ears in Flat-
fishes, 460

Lefroy (Prof. H. Maxwell), Manual of Entomology : with
special reference to Economic Entomology, 857
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Le Souéf (W. H. D.), [obituary article], 837

Leuschner (Prof. A. O.), Perturbations of the Minor

Planets, 19

Levaillant (R.), Fluorescence and Photochemistry, 380

Levine (I.), The Unconscious : an Introduction to Freudian
Psychology, 617
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MacAlpine (T. W.), Scientific Literature: the Need for
Co-ordination, 598

MacBride (Prof. E. W.), Embryology and Use-Inheritance,
359; Experiments on Ciona intestinalis, 759; Dr.
Kammerer’s Alytes, 98; Present Position of the
Darwinian Theory, 217

Maccall (W. T.), Alternating Current Electrical Engineer-
ing, 720
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McLuckie (]J.), Studies in Symbiosis, III., 76 ; IV., 348;

o 747
McRae (W.), Control of Disease in the Palmyra Palm, 843
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Bengal Castes and Tribes, 76

Mahalanobis (Prof. P. C.), Correlation of Upper Air
Variables, 323

Maige (A.), The Formation and Digestion of Starch in
Plant Cells, 674 ; The Metabolism of the Sugars in
the Cell and Amylogenesis, 815

Mailhe (A.), The Catalytic Decomposition of the Anilides,
28; The Preparation of Petrol starting with Animal
and Vegetable Oils, 347 ; The Preparation of Petroleum
starting from Vegetable Oils, 227

Maitland (A. G.), Goldfields of Western Australia, 249
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Metzger (Dr. J. A.), Principles and Practice of X-ray
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Mitchell (C. Ainsworth), Ink, 358 =

Mitra (Sarat Chandra), Disease Godlings in FEastern
Bengal, 633
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Stratified Sub-
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Morris (Capt. C. J.), The Gorge of the Arun, 633

Morton (E.), appointed assistant lecturer in economic
geology, 777 :
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Avogadro’s Rule and Thermodynamics, 272
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Higher Education, 226

Sears (J. E.), Precise Length Measurements, 768

Seashore (C. E.), Measurements on the Expression of
Emotion in Music, 639

Seeliger (R.), Temperature of the Crookes Dark Space in
Glow Discharge, 603

Sekine (Mr.), Upper Air Results in Japan, 522

Seligman (Prof. C. G.), Psycho-Analysis and Anthropology,
933

Sen (S. N.), The Distribution of Air Density over the
Globe, 814 ;

Senderens (J. B.), The Manufacture of Ethyl and Methyl
Ether, 152 ; and J. Aboulenc, The Catalytic Prepara-
tion of the Amino-cyclohexanols, 226

Senior-White (R.) and Dr. H. Scott, Discovery of Asco-
dipteron in Ceylon, 206

Seward (Prof. A. C.), Micrography as a Fine Art, 930;
The Evolution of the Paleozoic Flora, 334

Sewell (Major R. B. S.), Geographic and Oceanographic
Research in Indian Waters, 923; The Influence of
Barometric Pressure on the Specific Gravity of the
Surface Water in Indian Seas, 789

Shanks (W. F.), appointed professor of physiology in
Leeds University, 638

Shann (E. O. G.), Present Position in International
Exchange, 76

Shapley (Dr. H.), Photography of Meteors, 143

Shapovalov, Skin Spot of Potatoes, 455

Shaw (Sir Napier), awarded a Royal medal of the Royal
Society, 699, 848 ; and D. Brunt, Towards a Basis of
Meteorological Theory, 709

Shaw (Lady), [obituary article], 482

Shaxby (J. H.), Studies in Brownian Movement, II., 813

Shearer (Dr. C.), Sexual Physiology, 621

Sheen (A. R.) and Prof. W. E. S. Turner, The Effect of
Titania on the Properties of Glass, 710

Shenstone (A. G.), Ionisation Potentials of Copper and
Silver, 100

Sheppard (T.), Bronze Age Weapons in the Hull Museum,
111 ; Fall of an Alleged Meteorite at Immingham, 371;
Red Deer from the Holderness Peat, 806 ; Zoological
Bibliography, 652, 794, 865

Sherrington (Sir Charles), an honorary degree conferred
upon, by the University of Wales, 150; elected a corre-
sponding member of the Paris Academy of Sciences,
910 ; presidential address to the Royal Society, 845 ;
recommended as president of the Royal Society, 699 ;
Recruitment Type of Reflexes, 885

Shetelig (Dr. H.), Primitive Tider i Norge : En oversigt
over stenalderen, 390

Sidgwick (Dr. H. V.), The Nature of the Non-polar Link,

179

Sidis (Dr. B.), [death], 802

Silberstein -(Dr. L.), The Crossed-orbit Model of Helium,
53; The True Relation of Einstein’s to Newton’s
Equations of Motion, 788

Silvester (W. A.), Identification of Pure Organic Com-
pounds, 791

Simeon (F.), The Carbon Arc Spectrum in the Extreme
Ultra-violet, II., 813

Simon (Dr. C. E.), A Manual of Clinical Diagnosis by
means of Laboratory Methods, for Students, Hospital
Physicians, and Practitioners. Tenth edition, 158

Simon (J. L.), Oxidation of Carbon, 249

Simon (L. J.), The Sulphochromic Oxidation of the Aro-
matic Hydrocarbons and the Present Conception of
Graphite, 304 ; and E. Aubel, Is Pyruvic Acid one
of the Terms of Decomposition of Glucose in the
Course of Glycolysis ? 120 ; and M. Frerejacque, The
Action of Dimethyl Sulphate on Salicylic Acid, etc.,
564 .

Simpson (Sir Benjamin), [death], 62

Simpson (E. S.), Secondary Sulphates and Chert in the
Nullagine Series, 75

Simpson (Dr. G. C.), Problems of Hydrone and Water :
the Origin of Electricity in Thunderstorms, 620 ;
Thunderstorms and Globular Lightning, 727

Simroth (Prof. H.), Vierte Auflage, durchgesehen und
verbessert von Prof. F. Hempelmann. Abriss der
Biologie der Tiere. Teil 1., 277

Singer (Mrs. D. W.), Medieval Science, 646

de Sitter (Prof. W.), Problems of Fundamental Astronomy,

147

Skeat (Dr. E. G.), (Mrs. Woods), The Principles of Geo-
graphy, Physical and Human, 236

Sleen (Dr. W. G. N. van der), A Zoological Tribute, 496 ;
The Brackish-water Area of the Zuiderzee, 533

Sloane (T. G.), Studies in Australian Entomology, XVIII.,

76

Slovtzov (Prof. B.), Nutrition Problems during Famine
Conditions in Russia, 328

Smith (A. Dunbar), appointed architect of the new library
of Armstrong College, 407

Smith (Prof. A. W.), The Elements of Applied Physics,

587

Smith (Miss E. Philip), Effects of Anzsthetics on Plants,

54

Smith (Prof. G. Elliot), Psycho-analysis and Anthropology,
761 ; The Study of Man, 440; Tutankhamen and
the Discovery of his Tomb by the late Earl of Car-
narvon and Mr. Howard Carter, 611

Smith (Dr. J. Pye), Scientific Terms derived from the Greek
Language, 371

Smith (N. J. G.), The Parasitism of Helminthosporium
gramineum Rab, 922 ;

Smith (R. A.) and E. J. Wayland, Primitive Stone Weapons
from Uganda, 144

Smith (R. C.), Lace-wing Flies, 218

Smith (S. Berkeley), loan of Chinese Porcelain to the
Cheltenham Public Museum, 736

Smith (Dr. T.), Comparative Pathology, 848

Smith (T.), A General Survey of the Thin Double Lens, 638

Smith (W. Bernard), Elements of Natural Science. Part

2, 434

Smithells (Prof. A.), appointed director of the Salters’
Institute of Industrial Chemistry, 108 ; conferment
of the title of emeritus professor upon, 812 ; proposed
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tion of, 841

Soddy (Prof. F.), Science and Economics, 55; The
Inversion of Science, 839 ; The Origins of the Con-
ception of Isotopes, 208, 214

Soldau (P.), Equilibrium in the System Gold-zinc, 492
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Southall (Prof. J. P. C.), Mirrors, Prisms, and Lenses: a
Text-book of Geometrical Optics. Enlarged - and
revised edition, 685

Spalding (Prof. F. P.), [death], 698

Spearman (Prof. C.), The Nature of ‘ Intelligence ’ and
the Principles of Cognition, 356

Spencer (L. J.), Euclase and Platinum from Diamond
Washings in British Guiana, 778 ; and E. D. Mountain,
New Copper-lead Minerals from the Mendip Hills
(Somerset), 117

Springer (F.), Revision of the Catillocrinide, 633

Stalker (Prof. A. M.), resignation of the chair of medicine
in St. Andrews University, 150

Standley (P. C.), expedition to Panama, 841

Stannig, March, and Fritz, a Direct Reading X-ray
Spectrometer, 603

Stanton (Dr. T. E.), Friction, 684

Stapf (Dr. O.), New Plants, 703

Starling (Prof. E. H.), Hormones, 795 ;
Blood-vessels, 270

Starling (S. G.), Levels and Level Bubbles, 74

Stead (Dr. J. E.), [death], 698 ; [obituary article], 8ot

Stebbing (Prof. E. P.), The Forests of India. In 3 vols.
Vols. I. and II., 751

Stecker (Prof. H. F.), [death], 9o8

Steel (Jessie K.), Anatomical Features of the Mature
Sporophyte of Selaginella wuliginosa, 460 ; Some
Abnormal Sugar-canes, 924

Steen (S. W. P.), elected a fellow of Christ’s College,
Cambridge, 920

Stefansson (Dr. V.), Hunters of the Great North, 685 ;
Polar Temperatures and Coal Measures, 162, 472 ;
The Musk Ox in Arctic Islands, 590 ; the Wool of the
Musk Ox, 8o4

Steinke (E.), An Advance in Photometry, 115

Steinmetz (Dr. C. P.), [obituary], 734

Stekel (W.), translated by Rosalie Gabler, Conditions of
Nervous Anxiety and their Treatment, 86

Stenhouse (Lieut. J. R.), appointed master of the Dis-
covery, 174

Stensité (Dr. E.), Dissecting a Devonian Fish, 740

Steward (G. C.), appointed fellow and lecturer in mathe-
matics at Emmanuel College, Cambridge, 72

Stieglitz (J.), A Theory of Colour Production, 639

Stiles (Dr. C. W.), The Origin of Disease Germs, 700 ;
Zoological Nomenclature : Spirifer and Syringothyris,

The Capillary

473

Stiles (Prof. W.), Plant Physiology and Vitalism, 876

Stillwell (F. L.) and P. G. W. Bayly, An Antarctic Meteor-
ite, 334

Stock (Prof. A.), translated by S. Sugden.
enlarged. The Structure of Atoms, 232

Stockman (Sir Stewart), elected president of the Royal
College of Veterinary Surgeons, 63

Stoll (A.), The Ergot Problem, 880

Stopes (Dr. Marie C.), Population and Unemployment, 688 ;
The Microscopy of Recent Coal Research, 710

Storrow (B.), Distribution of Herring Shoals, 951

Straelen (V. Van) and M. E. Denaeyer, The Fossil Eggs
of the Upper Cretacean of Rognac in Provence,

Revised and

959

Strangeways (T. S. P.) and H. E. H. Oakley, The immedi-
ate changes observed in Tissue Cells after exposure
to soft X-rays while growing i» vitro, 26

Stratton (Prof. G. M.), Cattle and Excitement from Blood,
669

Strohl (Dr. J.), The ““ Concilium Bibliographicum,”’ 540

Stromberg (Dr. G.), The Want of Symmetry in Stellar
Velocities, 600

Stromeyer (C. E.), Tests on Boiler Material, 953

Strong (Br. W. M.), Rock Paintings in Papua, 951

Stubbs (F. J.), Insecticides, 792

Stumper (R.), The Chemical Composition of the Nests of
Apicotermes occultus, 380

Sturt E(;G.), (*“ George Bourne ’), The Wheelwright’s Shop,
586

Stutzer (Dr. A.), [death], 698

Sucksmith (W.) and L. F. Bates, a Null Method of Measur-
ing the Gyro-magnetic Ratio, 813

Sullivan (Dr. L. R.), Polynesian Types, 739

Sully (Prof. J.), [death], 698 ; [obituary article], 733

Sutton (Sir John Bland), elected president of the Royal
College of Surgeons of England, 108

Sutton (J. R.), The Genesis of Diamond, 959

Sutton (L. J.), The Climate of Khartoum, 248

Suyehiro (K.), A Mercury Flash-light for Photography, 219

Svedberg (Prof. T.), conferment upon, of an honorary
doctorate by Wisconsin University, 255

Swarts (Prof. F.), Cours de chimie organique. Trois.
édition, 580; The Catalytic Hydrogenation of
Organic Compounds containing Fluorine, 960

Swift and Son, Ltd., J., Catalogue of Petrological and
Mineralogical Accessories, 371

Swift (Prof. F. H.), The Financing of Public Instruction,

527

Swinhoe (Col. C.), [death], 871

Szegloff (Mlle. O.), The Adaptation of Plants to the
Duration of the Bright Period of the Day, 120

Taber (Prof. S.), West Indian Earthquakes, 145

Tadokors (T.) and S. Sato, Colloidal Properties of Rice
Starch, 487

Tansley (A. G.), Aspects of the Study of Botany, 423 ;
Elements of Plant Biology, 273

Tatchell (Rev. Frank), The Happy Traveller:
for Poor Men, 321

Tattersall (Prof. W. M.), Crustacea Amphipoda, 923

Taylor (E. W.), The Primary and Secondary Image
Curves formed by a Thin Achromatic Object Glass
with the Object Plane at Infinity, 74

Taylor (G.), The Warped Littoral around Sydney. Pt. I,

a Book

256

Taylor (G. 1.), appointed to a Yarrow professorship, 847

Teale (T. P.), [death], 802 ; [obituary article], 837

Teisen (T.), The Design of Pot Arches, 151

Telechron Electric Transmitter Co., Recording Water-
levels Electrically, 178

Terroine (E. F.), P. Fleuret, and T. Stricker, Role of the
deficient Proteids in supplying the minimum Nitrogen
requirement, 492 ; and H. Barthélémy, The composi-
tion of the Organisms in the course of Ovogenesis
in the Frog, Rana fusca, 348

Thallinner (Dr. W.) and Margaret C. Perry, Effect of
Plant Extracts on Blood Sugar, 164

Thaxter (Dr. R.), Tropical American Ascomycetes, 843

Thiselton-Dyer (Sir William), Tribute to, 182

Thomas (Dr. E. N. Miles), The Seedling Anatomy of the
Genus Ricinus, 118 ;

Thomas (H. H.), appointed University lecturer in botan
in Cambridge University, 708

Thomas (J. S.) and R. W. Riding, The Polysulphides of
Ammonium, etc., 527

Thomas (Dr. T.), Outlines of the Calculus for Science
and Engineering Students, 721

Thompson (Prof. D’Arcy W.), A Puzzle Paper Band, 56

Thompson (Mrs. F. F.), gift to the New York Zoological
Society from the estate of, 768

Thompson (L.), The Motion of a Falling Chronograph
Projectile, 639

Thomson (Prof. A.) and L. H. D. Buxton, Climate and
the Nasal Index, 770

Thomson (Prof. G. P.), Test of a Theory of Radiation, 26

Thomson (Prof. J. A.), The New Natural History : being
the twenty-fifth Robert Boyle lecture delivered
before the Junior Scientific Club of the University
of Oxford on 6th June 1923, 720

Thomson (Sir J. J.), The Electron in Chemistry : being
five lectures delivered at the Franklin Institute,
Philadelphia, 819; The  Electron in relation to
Chemistry, 179 ; The Polarisation of Double Bonds,
826

Thomson (W.), [obituary article], 697

Thorndike (Prof. L.), A History of Magic and Experimental
Science during the first Thirteen Centuries of our Era.
2 Vols., 646 e

Thornton (H. G.), Bacteria of the Soil, 49 ; Lohnis and
Fred’s Agricultural Bacteriology, 931

Thorpe (Sir Edward), A Dictionary of Applied Chemistry.
Vol. 4. Revised edition, 647 ; Manufacture of Acids
and Alkalis, 385
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Thorpe (Prof. J. F.), Synthetic Colouring Matters, 531 ;
and Dr. C. K. Ingold, Synthetic Colouring Matters :
Vat Colours, 318

Thorpe (M. R.), New Restorations in the Yale Peabody
Museum, 522

Thouless (R. H.), The Psycho-galvanic Phenomenon, 779

Thursby-Pelham (D.), The Placentation of Hyrax Capensis,

745

Thwaites (R. E.), Liquid Fuels in Australia, 487

Tiede (E.), Frau H. Tomaschek, and A. Schleede, Lumin-
escence of Boron Nitride and Calcium Tungstate, 877

Tigerstedt (Prof. C. C. O. R.), [death], 871

Tillyard (Dr. R. J.), The Embioptera or Webb-spinners of
Western Australia, 75

Tindale (N. B.), Praying Insects of Australia, 703

Toch (Prof. M.), How to paint Permanent Pictures, 390

Todd (Dr. R. H.), awarded the gold medal of the British
Medical Association in Australia, 18

Todd (T. W.), Effect of drying upon the Skull, 455

Tolman (R. C.), S. Karrer, and E. W. Guernsey, The
Mass of the Electric Carrier in Metals, 120

Tornquist (A.), Cretaceous Overfolding in the Alpine
Region, 557 '

Trail (the late Prof. J. W. H.), a memorial mural tablet
to, presented to Aberdeen University, 883

Treadwell (Prof. W. D.), Electrometric Methods in
Analytical Chemistry, 776

Tregarthen (J. C.), John Penrose :
Land’s End, 536

Treves (Sir Fredenck) [death], 871

Troland (Dr. L. T.), The Present Status of Visual Science,
532

Trousset (J.) and L. Gramont, Correction to the Longitude
of Bordeaux Observatory, 65

Truffaut (G.) and N. Bezssonoff, The Influence of the
Sugar Concentration of the Media on the Activity
of Nitrogen-fixing Bacteria, 674

Trumpler (R.), Soldner and the Gravitational Shift of
Light, 520

Tryhorn (F. G.) and S. C. Blacktin, The Formation of
Anomalous Liesegang Bands, 151

Tsuboi (S.), A Dispersion Method of determining Plagio-
clases in Cleavage-flakes, 117; Optical Dispersion
of three intermediate Plagioclases, 117

Tuckey (T. W. T.), Buildings in Japan, 948

Tupper-Carey (Miss R. M.) and Prof. J. H. Priestley,
Composition of the Cell Wall at the Apical Meristem
of Stem and Root, 26

Turnbull (H. W.), A Geometrical Interpretation of the
complete System of the Double Binary (2, 2) Form, 886

Turner (A. J.), A revision of the Australian Anerastrianz
(Lepldoptera)

Turner (Dr. E. E)), Stere01somensm among Derivatives of
D1phenyl 439

Turner (Prof. W. E. S.), Glass-making in England, 612 ;
Specifications in the Glass Industry, 151; The
British Glass Industry, its Development and Out-
look, 64

Tutton (Dr. A. E. H.), The work of, 141

Tychonis Brahe opera omnia. Edidit I. L. E. Dreyer.
Tomi quinti, fasc. posterior, 278

a Romance of the

Urbain (Prof. G.), Celtium or Hafnium ? 374
Uvarov (B. P.), The Periodicity and Migrations of
Locusts, 521

Vaillant (P.), The Influence of Small Variations of Tempera-
ture on the Conductivity of Solid Salts and the Roéle
of the Humidity in this Phenomenon, 674

Van Rhijn (Prof.), Report on the Kapteyn Selected
Areas, 292

Varendonck (Dr.
Faculties, 235

Vaughan (T. W.), The Larger Tertiary Foraminifera
from Tropical and Sub-tropical America, 228

Vavon (G.) and D. Ivanoff, Catalytic Hydrogenation and
Steric Hindrance, 408 ; and S. Kleiner, 380

Venkataramaiah (Prof. Y.) and Bh. S. V. Raghava Rao,
Active Hydrogen by Electrolysis, 57

J.), The Evolution of the Conscious

Venn (Dr. J.) and J. A. Venn, Alumni Cantabrigienses :
a Biographical List of all known Students, Graduates,
and Holders of Office at the University of Cambridge,
from the Earliest Times to 1900, Part I. Vol. 2, 753

Vercelli (F.), Le scienze fisiche e matematiche nelle opere
di Dante, 402

Verneau (Dr. H.), awarded the Huxley medal of the
Royal Anthropological Institute for 1924, 840

Villard (P.), The True Colour of Clouds, 563

Vincens (F.), A Disease of the Bee (Muscardine) due to
Beauveria Basstana, 711

Violle (Prof. J.), [obituary article], 551

Visher (Dr. S. S.), Variability of Tropical Climates, 772

Vogel (H.), Changes in Crystalline Structure due to
Temperature, 807

Vredenburg (E.), Indian Tertiary Gastropoda, 294

Waché (X.), Quantitative Researches on the Ultra-violet
Spectrum of Cépper in Aluminium, 152

Wade (Major A. G.), A Prehistoric Flint Mine at South
Down, 597

Wales (Prince of), acceptance of the presidency of the
Fellowship of the British Empire Exhibition, 910

Walker (E. E.), The Influence of the Velocity of Com-
pression on the Apparent Compressibility of Powders,

851

Walker (F.), The Igneous Geology of the Dalmeny
District, 151 :

Walker (Prof. T. L.), Hafnium or Jargonium, 831

Walkom (Dr. A. B.), Mesozoic Insects of Queensland, 831

Waller (Dr. A. D.), edited by A. M. Waller, The Electrical
Action of the Human Heart, 579

Waller (the late Prof. A. D.) and Mrs. Waller, proposed
memorial to, 840

Walter (Dr. C.), Alpine Water-mites, 373

Walton (Lt.-Col. H. J.), The Animal Parasites of Man, 388

Waran (Dr. H. P.), Elements of Glass-blowing, 201

Ward (E. M.), English Coastal Evolution, 93

Ward (F. Kingdon), Flora of the Tibetan Marshes, 806

Ward (Mrs. Montgomery), gift to the North-Western
University, Chicago, 920

Ward (Prof. R. de C.), Cold Air-waves in the United
States, 634 ; Hot Waves in the United States, 335

Warren (H.), The Paleolithic Succession of Stoke
Newington, 118

Warth (F. J.), Liberation of Prussic Acid from the Plant
Leaf, 68

Washington (Prof. H. S.),
Wegener’s Hypothesis,
Pacific Basin, 521

Waterhouse (G. A.), Biological Survey of Australia ;
Breeding Experiments with the Satyrine genus
Tisiphone, 76

Waterhouse (W. L.), Occurrence of Double Embryos in
‘Wheat Grams 924

Watson (Dr. M.), The Control of Malaria in the Malay
Peninsula, 470

Watson and Sons (Electro-Medical)
Apparatus, 555

Wayland (E. J.), Continental Drift and the Stressing of
Africa, 279, 938 ; The Transport of Rocks, 99

Weal (K. M. van), Oceanoglaphy of the Java Sea, 913

Weatherburn (Dr. C. E.), appointed professor of mathe-
matics at Canterbury University College, Christ-
church, 848

Weatherwax (Prof. P.), The Story of the Maize Plant, 616

Weber (F.), Mechanism of Stomatal Movement in Plants,

Comagmatic Regions and
876 ; The Lavas of the

Ltdl, Diathermy

407
Werid (C. B.), B. Smith, W. C. Simmons, and D. A. Wray,
The Geology of Liverpool, with Wirral and part of
the Flintshire Coalfield, 354
Welch (M. B.), Effect of Temperature on Borers attacking
seasoned and unseasoned Timber, 924 ; The Secretary
Epidermal Cells of certain Eucalypts and Angophoros,

924
Wells (H. G.), election address of, 777
Wells (R. C.), Sodium Sulphate : its Sources and Uses 912
Wenyon (Dr. C. M.), appointed director-in-chief of the
‘Wellcome Bureau of Scientific Research, 401
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Werner (Prof. E. A.), The Chemistry of Urea : The Theory
of its Constitution, and of the Origin and Mode of
its Formation in Living Organisms, 930; The presence
of Urease in the Nodules on the Roots of Leguminous
Plants, 202

Wertenstein and Jedrzejewski,
Carbon, 347

Westerdijk (Prof. J.), Phyto-Pathology in Horticulture,

The Evaporation of

913

Wheeler (Prof. W. M.), The Dry-rot of our Academic
Biology, 346

Whetham (W. C. D.), The Theory of Experimental
Electricity. Third edition, 825

Whipple (F. J. W.), Determination of the Temperature
of the Upper Atmosphere by Meteor Observations, 759

White (C. T.), A New Conifer from Southern Queensland,

924

White (D.), Oil and Gas Resources, Osage, Oklahoma, 112

White (F. B. H.), Nickel: the Mining, Refining, and
Applications of Nickel, 430

White (Dr. G. N.), Chemical Porcelain, 704

Whyte (Rev. C.), Our Solar System and the Stellar
Universe : Ten Popular Lectures, 200

Wiedersheim (Prof. R.), [obituary], 9o8

Wigglesworth (V. B.) and C. E. Woodrow, The Relation
between the Phosphate in Blood and Urine, 885

Wignall (T. C.) and G. D. Knox, Atoms, 320

Wilberforce (L. R.), Illustration and Detection of Inclined
and Horizontal Dispersion in Bi-axial Crystals, 779

Wild (Comdr. F.), From the Official Journal and Private
Diary kept by Dr. A. H. Macklin, Shackleton’s Last
Voyage : the Story of the Quest, 754

Wilkie (J. M.), [obituary article], 9o8

Wilkins (Capt. G. H.), leader of a collecting expedition
to Australia, 665

Wilkinson (G.), appointed lecturer in the history of
medicine in Sheffield University, 920

Williams (C. B.), Bio-climatic Study in the Egyptian
Desert, 217 ; Multiple Temperature Incubator, 134

Williams (E. C.), appointed Ramsay professor of chemical
engineering at University College, London, 346

Williams (Prof. J. F.), The Organisation and Administra-
tion of Physical Education, 6

Willis (Prof. B.), Geologic Structures, 897

Willows (Dr. R. S.), A Text-book of Physics.
edition, 649

Wills (L. J.) and E. E. L. Dixon, Development of the
Severn Valley, etc., 886

Willway (Dr. F. W.), Nanook of the North, 840

Wilson (Dr. C. T. R.), Investigations on X-rays and
B-rays by the Cloud Method. Pt. I. X-rays, 26;
Pt. II. B-rays, 27; Recoil of Electrons from
Scattered X-Rays, 434

Wilson (Dr. D. R.), Fatigue Research in Factories, 633

Wilson (Prof. D. T.), [death], 871

Wilson (R. E.), The Cepheid Variables and the Distance
of the Clusters, 143

Winchester (D. E.), Oil-Shale from the Rocky Mountains,
218
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Winge (H.), [obituary article], 946

Winogradsky (S.), The Direct Method in the Microbiological
Study of the Soil, 887

Winter (L. B.) and W. Smith, Is the Pentose of the
Nucleotides formed under the Action of Insulin ? 829;
Use of Yeast Extracts in Diabetes, 205

Wisnom (H.), bequest to the Queen’s University, Belfast,

70

Wissler (C.), The Correlation of Respiratory and Circulatory
Data for Adult Males, 228

Withers (T. H.), An Australian Cretaceous Cirripede, 76 ;
Fossil Barnacles of India, 294

Withycombe (C. L.), The Function of the Bladders in
Utricularia vulgaris Linn., 922

Wolfers (F.), The Diffusion of the X-rays and Bragg’s
Law, 747

Wolff (J.), The Conditions favourable or prejudicial to
the Germination of the Seeds of Orchids and to the
Development of the Seedlings, 815

Wood (Canon T.), [death], 947

Woodland (Prof. W. N. F.), The One-Host Life-Cycle of
Hymenolepis fraterna, Stiles, of the Mouse, 436

Woods (Prof. F. S.), Higher Geometry : an Introduction
to Advanced Methods in Analytic Geometry, 428

Woog (P.), Some Phenomena of the Artificial Alteration
of Glass, capable of Detection by High-tension
Currents, 75 ; The Hydration of Hydrocarbons, 152

Woolcock (W. J. U.), preparations for the chemical section
of the British Empire Exhibition, 552

Woolley (C. L.), Ur of the Chaldees, 14 2

Worsnop (B. L.) and Dr. H. T. Flint, Advanced Practical
Physics for Students, 467

Worster-Drought (Dr. C. C.), elected to the E. G. Fearn-
sides research scholarship in Cambridge University,

149

Wright (Dr. F. E.), Tests of Natural and Culture Pearls, 293

Wright (L.), enlarged and rewritten by Dr. A. H. Drew,
The Microscope : A Practical Hand-book, 52

Wright (W. B.), Search for Concealed Coalfields in the
North of Ireland, 923

Wrinch (Dr. Dorothy), Certain Aspects of Scientific
Thought, 921

Wyatt (S.), Efficiency in Cotton Weaving, 177

Yokoyama (Prof. M.), Japanese Tertiary Fossils, 218

Young (Mrs. Grace Chisholm), The Zermatt Meeting of
the Swiss Society of Natural Science, 605

Young (H. C.), Sulphur as a Fungicide, 634

Young (Prof. W. H.), elected president of the London
Mathematical Society, 768

Zalessky (M. D.), New Species of Permian Osmundacez,
922

Zelinsky (N. D.), Synthesis of Benzene, 915

Zellner (J.), Chemical Analysis of the Leaves and Flowers
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Aberdeen University : conferment of an honorary degree
on Prof. J. Fraser; conferment of a degree on W.
Thomas ; award of prizes, 149; appointments in,
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on, Sir H. E. Roscoe and C. Schorlemmer. Vol. 2:
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278 ; Readable School, a Book for Beginners, J. A.
Cochrane, 236; Textile, an Introduction to the
Chemistry of the Cotton Industry, F. J. Cooper, 860 ;
The Electron in relation to, Sir J. J. Thomson and
others, 179; The New, Dr. E. F. Armstrong, 743 ;
Theoretical, from the Standpoint of Avogadro’s
Rule and Thermodynamics, Prof. W. Nernst. Fifth
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Modern Physics and the Atom.

N another part of this issue we publish as a special
supplement a translation ‘of Prof. N. Bohr’s
lecture on atomic structure, which was delivered at
Stockholm last December on the occasion of receiving
the Nobel prize for physics. It seems a fitting occasion
to survey the general lines of the recent development
of physical theories as to the nature of the atom.
The views put forward in Prof. Bohr’s address may
fairly be regarded as the furthest stage yet reached.
The leading feature of the physics of the twentieth
century has been the development of our present
concrete picture of the individual atom. In this
respect modern physics stands rightly in sharp
contrast with previous work—properties of matter in
bulk, thermodynamic, electrodynamic, and optical
theory. These theories formed the main part of the
studies and contributions of physicists before 1goo,
and advanced with particular rapidity in the latter
half of the last century. In all this work, though the
atomic nature of matter had already come to general
recognition in virtue perhaps of chemical rather than
physical evidence, atoms, if recognised at all, play
only a secondary part. The reason is that though
theories of matter (e.g. gases) may be built up on an
atomic basis, applications of these theories are always
statistical ; in making them an averaging process is
used, and the particular features of an atomic model
largely disappear. For example, almost any atomic
model will reproduce the main properties of a gas.
It is only in the finer points such as the exact variation
of viscosity with temperature that the particular form
of atomic model becomes relevant, and even here the
variation deduced is very insensitive to the model
chosen. Crude and vague ideas of the atom—little
more than the mere recognition of its existence—were
all that were necessary to physics in this phase.
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The same is true in a somewhat less striking way of
the electronic conception of electricity. This idea
became current in a vague form and was shown to be
a suitable foundation for the known phenomena of
electricity ; it was not till some years later that the
fundamental experiments on the conduction of
electricity through gases first led to a practical demon-
stration of the existence and main properties of the
electron. Just as with atoms, a break-away from
statistical deductions was necessary before the electron
could be assigned a definite form. The demonstration
of its existence and properties, though it belongs
historically (1897) to the nineteenth - century, is in
fact the starting point of what we have called twentieth-
century physics.

This concentration on the statistical side was of
course inevitable, for the phenomena to which current
theories could be applied were mainly concerned, as
we have said, with the properties of matter or electricity
in bulk. There were, of course, striking and significant
exceptions which were already well known for many
years before 1goo—for example, optical spectra.
These had long been recognised as essentially character-
istic of particular atoms or molecules, obscured little
if at all by any process of averaging. But optical
spectra are too complicated and their conditions of
excitation too obscure to have formed then a possible
basis on which to build theories of atomic structure
with any real chance of success. It was necessary to
wait first for direct experimental evidence of the more
fundamental properties of individual atoms which are
unaffected by the widest possible range of external
circumstances. It is clear that it is such properties
that any atomic model must first set out to reproduce.

The discovery of the nature and properties of X-rays
might have provided a new and more hopeful starting
point. Here we have evidence of fundamental pro-
perties which remain constant and characteristic in
all known circumstances. But even this evidence—
even, for example, an empirical formulation of Moseley’s
law—would scarcely have been simple and direct
enough for a starting point, and in fact was not
available until after the first essential ideas had been
otherwise won. The evidence necessary for the start
had clearly to refer directly to individual atoms and
be such as to lay down with absolute convincingness
the main features of atomic structure. It was pro-
vided first by the study of radioactivity, and it is
difficult to see, as we have tried to show, how any
other evidence could have been sufficiently powerful
for the purpose. The radioactive evidence soon made
it clear that here physicists were concerned with pro-
cesses connected with the most intimate structure of
the individual atom, which outside conditions (physical
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or chemical) were powerless to affect ; and concerned,
too, with energy transformations in a single atom so
large that the resulting effects could actually be
detected. This made it clear that the atom must have
an innermost structure, a place apart, the seat of
gigantic forces. Ideas of the atom thus began to
tend generally in the right direction, and crystallised
into the nuclear atom when the nature of the a-particle
had been established and the phenomena of its scatter-
ing worked out.

It was at this point (1911) that Prof. Bohr’s contribu-
tions began, and it is convenient to specify the situation
in somewhat more detail. It was known that the
atom must almost certainly consist of a heavy nucleus,
of extremely small size, with a positive electric charge ;
this nucleus must probably behave, so far as the rest
of the world or even the rest of the atom was concerned,
as a massiye point charge. The nuclear charge must
be neutralised in the natural atom by a system of
satellite electrons in number equal to the number of
units in the nuclear charge. Their arrangement was,
however, quite unknown, except that they must with
the nucleus compose a structure on the scale of the
atom of gas theory—a scale which is exceedingly large
and open compared to the dimensions of the nucleus
and the electrons themselves. The exact number of
satellite electrons or units of nuclear charge was also
uncertain, but, by the results of X-ray and a-particle
scattering, must be about half the atomic weight. It
was almost certain that it was two for helium and one
for hydrogen. If these views were to be accepted the
hydrogen atom must be very simple—a single heavy
nucleus with a unit positive charge, and somewhere
near it a single electron ; it must also yield the known
series spectrum of hydrogen. This was the problem
presented to Prof. Bohr. He maintained from the
first, and justly as is now admitted by all, that there
was no possibility of a solution within the domain of
classical electrodynamics, and that the ideas of the
quantum theory must be invoked. How these ideas
lead inevitably to the accepted hydrogen atom of
to-day is set forth at length in the first of his three
essays, “ The Theory of Spectra and Atomic Constitu-
tion,” referred to in NATURE of April 21, p. 523, and,
more shortly, in the present supplement.

The next essential step was the final assignment of
atomic number, which connected up once and for all the
ordinal number of any atom in the periodic table of the
elements, its nuclear charge, the number of its satellite
electrons, and its characteristic X-ray spectrum. This
assignment, which was, of course, the result of a system-
atic survey of X-ray spectra, was to some extent

" directly inspired by the successful theory of the

hydrogen atom, and without that theory the full



Jury 7, 1923]

NATURE Ll

significance of atomic number would have been missed.
At this stage (1915) a general grasp had been obtained
of the sequence of the elements and of the essential differ-
ence between one atom and the next, in full agreement
with evidence of an entirely different type—the displace-
ment laws of a- and B-particle radioactive changes.
In the further elucidation of the organisation of the
satellite electrons and the interpretation of the periodic
table of the elements, Prof. Bohr has played the leading
part. The results obtained are described by Prof.
Bohr at length in our supplement. It is sufficient to
say here that, thanks to this work, we are now confident
that the satellite electrons are arranged in groups.
We know the number of electrons in each group.
They move about the nucleus in orbits, some of the
characteristics of which we already know, and these
characteristics are the same for all the electrons of a
group. We know, further, the order in which the
various groups appear in the system of the elements,
and even to a limited extent why the actual order must
be observed. This information is summarised in the
supplement (Fig. 9). The details of the picture—im-
portant details—have yet to be filled in, but we can no
longer doubt that we are advancing on the right lines.
In conclusion, one may glance for a moment at the
profound reaction of these views of atomic structure
on physical research. In return for their spectro-
scopic basis in the Balmer series, they have revolu-
tionised spectroscopy, which is now—X-ray and optical
alike—one of the main avenues of advance in physics.
They have created a whole new and fruitful branch of
study, the excitation of atoms by electronic impacts.
They provide a concrete picture of the atom which
can form, and is forming every day, a trustworthy
basis for the study of all branches of atomic phenomena.
Finally, one must expect that the facts of chemistry
will not much longer stand apart. Though much
formal progress has already been made in the theory of
valency, the detailed electronic theory of the structure
of molecules has yet to be begun; it will inevitably
present grave difficulties. But these views of atomic
structure have, for example, already presented us
(unasked) with a carbon atom with tetrahedral sym-
metry ; they lead us confidently to expect that the first
advances in the detailed theory will not be long delayed.

The Conquest of Malaria.

Memoirs : With a Full Account of the Greai Malaria
Problem and its Solution. By Ronald Ross. Pp.
Xi+ 547 +11 plates. (London : John Murray, 1923.)
24s. net.

N Sir Ronald Ross’s “ Memoirs ” information is to
be found which will interest the conventional

“wide circle of readers,” in that the subjects treated
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must appeal to the Imperialist, the political economist,
the sanitarian of the tropics, and the cosmopolitan
science research worker ; nor will those who respond

_to the ““ call of the East ”” fail to find interest in details

of scenery and travels in India and Burma. Among
the items illustrating the importance of research in
aiding the well-being of communities and nations are
discussed the conditions under which the discovery
of the agency of malaria conveyance was made, as
a result of the laborious experimental efforts of the
author. In the section dealing with this subject
will be found a tale devoid of technicalities of re-
lentless search for a . scientific truth, with its re-
curring disappointments, baffled schemes, renewed
hopes, and ultimate victory, which, in entrancing
interest, may compete with Sherlock Holmes’s efforts
at his best.

For centuries, the problem of malaria afforded a
favourite subject in medical writings for opinions
and disputations. By 1880 Laveran had found the
plasmodium malarie in the blood of human beings ;
but the vital matter, in respect to prevention, as to
how the protozoon gained entrance to man remained
a mystery. In 1894 Manson excogitated an hypothesis
as to malaria agency, which was published in detail in
the Lancet (vol. 1., p. 1309). Ross was in England
in that year. Between the younger man, eager to
remedy the distressing conditions arising from this
cause in India, and the older, glad to find an enthusiast
in malaria prevention, there arose a-mutual professional
interest and interchange of views, which continued
during Ross’s labour in that country. It has since
been insisted that Ross was a mere marionette under
the control of Manson ; indeed, that he was ¢ selected 1
by the latter for this particular work, and that Manson
was the “ discoverer of malaria.”

Where admiration for Manson can justly be given
in this matter is in contemplating his reasons for
framing the hypothesis of 1894, namely, that it might
prove an incentive to research on malaria which, as
he asserted ( Journal of State Medicine, September 1900),
“is far and away the most important of the many
problems of tropical empire—that empire upon which
so much of our present and of our prospective national
prosperity depends.” No claim to originality was
made by him, and with the one exception (added in
1898 to the original conjecture of 1894) that the flagella

1 This is a particularly inapt contention, seeing that before Ross ¢ selected *’
himself for this limitless task (p. 131, “Memoirs”), Manson had issued
with his hypothesis of 1894 an invitation to medical men in India generally
(British Medical Journal, vol. i. p. 1309) to undertake research on the lines
suggested, and, after Ross had furnished him with results, repeated this
e e e
decided ““ again to call the attention of workers on malaria to this promising
field for investigation.” Further, Ross, both officially and privately, in
India strove to induce others independently to undertake the task. Mean-

while Manson did not utilise material available in England (pp. 131, 147
¢ Memoirs ).
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of the plasmodium were * flagellated-spores ” (which
was an error), no originality is recognizable. By
dovetailing various views of acknowledged authorities
with the analogy of filariasis, as previously suggested
by Laveran, he attempted to meet the then current
opinion of transmission of malaria to man through
the medium of air or water.

The “ Memoirs”’ show that up to 1896 Ross had
laboured to prove the hypothesis of Manson, and that
mosquitoes, fleas, bugs, horse-flies, and cockroaches
had been duly examined, while direct experiments
upon human beings had been made as to conveyance
by water, with the result that he informed Manson
that “ the belief is growing upon me that the disease
is communicated by the bite of the mosquito ” (pp.
176, 190, 193). To this Manson replied, ““ It may be
the mosquito conveys the parasite by biting, but I do
not think so—at all events, I do not think so directly.”
Ross now informed Manson that he was ““ dying to go
away to some regular hotbed of malaria ”’—the object
obviously being to secure possible factors in intense
occurrence. He obtained short leave from military
duty, and proceeded to a spot popularly held to be
the haunt of a deadly form of malaria—Sigur Ghat in
the Nilgiris Hills. This resolve was the turning-point
of his investigation. A detail concerning his return
to Bangalore, where he was stationed, does not appear
in his “ Memoirs.” A friend perceived a mounted
man approaching him gesticulating excitedly. This
proved to be Ross, who shouted “I’ve got it—I’'ve
got it ! Naturally, a fortune by a sweepstake or
the like was “ sensed,” but a demand for enlightenment
elicited the banal reply, “I've got the fever.” He
had been able to concentrate attention upon air,
water, and the mosquito as factors, with the crowning
joy of suffering from fever ; he was able to adopt a
“ mathematical line of reasoning,” which pointed to
the chances of the malarial germ being conveyed by
the mosquito direct to man rather than in a form
diluted by air or water. Thereafter, he could say
with Newton that he did not deal with hypotheses
but with facts. On August 2o, 1897, Ross identified
the first stage of development of the plasmodium in
the mosquito. It would deprive the reader of in-
teresting details were the further history of his efforts
traced. Suffice it to say that by July 9, 1898, Ross
had not proved but had disproved Manson’s hypothesis
of 1894.

Ross has roundly declared time after time, and in
various forms, that it was Manson’s ““ great induction
which did it—nothing else,” and that he had received
advice from Manson. These affirmations have been
misconstrued. Lister, after entering judicially into
the attempted piracy of Ross’s discovery by certain
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Italian savants, gave his opinion thus: “ The discovery
of the development of the parasite in the mosquito
was due solely and simply to Major Ross, who had
shown absolute candour, perfect openness of mind,
and a readiness to recognise the work of others.”
Throughout the ‘ Memoirs” these atiributes are
unconsciously displayed by the author.? The advice
as to technique given by Manson was based upon
special knowledge of filariasis—it was found inappli-
cable by Ross to his requirements ; it was, nevertheless,
courteously acknowledged. The “great induction ”
referred to the function of the flagella, and, when
deprived of Manson’s erroneous suggestion as to these
being spores,, did not differ materially from the views
expressed previously by Laveran and Mannaberg.
Ross, however, justly held that, by insisting that the
flagella had some undiscovered yet important bio-
logical function, Manson had provided an incentive
to research, which he handsomely acknowledged.

Manson had the gratification of finding that he had
been the factor in inducing one man, among hundreds
of potential workers to whom he had made an appeal
broadcast, to undertake research on what he believed
to be (British Medical Journal, 1898, p. 1576) “ the
logical outcome of well-ascertained facts, . . . and
the most promising guide to fresh facts.” That one
man was Ross, whose inner consciousness, as early
as 1890-93, had been stirred to discover means for
averting the misery incident to malaria in the popula-
tions of India. In his poetic record, under the title
“Indian Fevers,” he had written, “ O God reveal
thro’ all this thing obscure, the unseen, small, but
million-murdering cause ”” (“ Philosophies,” p. =21);
and, on the day when he realized that his invocation
had been answered, wrote, “ This day relenting, God
hath placed within my hand a wondrous thing ; and,
God be praised, I know this little thing a myriad men
will save.”

Ross had definitely undertaken his research—not
in the quest of abstract science—but in the interests
of preventive medicine. His next hope therefore was
to be allowed to apply methods based on his discovery.
The Government of India (in which country one
million deaths occur yearly from malaria), however,
not only failed to issue so much as the usual stereo-
typed “thanks of Government,” but also refused to
promise him facilities. Rather than leave matters thus,
he retired from the Indian Medical Service; with a
pension one-fourth the value he might have secured

2 At forty years of age, he had still to learn that the compendium to the
tenth Commandment—‘‘ nor anything that is his ’—was liable to be
forgotten by pseudo-men of science, and that, with Governments, the
axiom “ Politics first ”’ and “ deil tak’ the hinmost ’ allows little room for
financing the interests of so trivial a fad as disease prevention. Difficulties
encountered are factors in evolution—sometimes beneficent ; in the case
of the author, for many years since he arrived at that age of discretion, in

public speeches and in literature, he has proved a powerful advocate of aid
to research workers.
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by continued service. But this personal sacrifice
(added to the considerable private expenditure during
his investigation) enabled him to complete his work,
by demonstrating the applicability of its benefits in
West Africa and Ismalia. The King-Emperor has
conferred Honours (not, however, upon the recommenda-
tion of the Government of India) upon the man who
had made, as Manson said, the discovery of the century
(p- 317)-

Following the adoption of anti-malaria methods
based on knowledge gained by Ross, invaliding and
sickness in the British garrisons in the tropics have
been reduced to an extent which must represent many
thousand pounds—irrespective of human suffering—
saved ; great mercantile firms have extended trade
to areas they formerly shunned from dread of the
malaria fiend, and these share the benefits of commerce
consequent upon the opening of the Panama Canal,
the construction of which had proved impossible in the
hands of the French—owing to the ghastly mortality
of employees—in the absence of Ross’s methods ;
during the great War, according to the Official History
(vol. 2, p. 238), “the loss of the strength to the
armies from the effects of malaria was great, and
but for the preventive methods adopted it might have
been incalculably greater” (italics not in the original).
What has the nation, the Parliament of which voted
30,000l. to Jenner in token of gratitude, done for this
practical philanthropist ?

In “ Memoirs ” covering many years and many
localities, the author has left little room for criticism
as to accuracy. At p. 223, the date of his first gleam
of success is erroneously stated in the text ; fortunately,
the next page is faced by a facsimile which correctly
shows the date to have been August zo, 1897 ; at
p. 327, in referring to Haffkine’s good work, it is
evident the date 1916 should read 1896; at p. 198,
in reference to the use of ¢ bird’s malaria,” the context
would show that the intention is to refer to 1896
and not 1906. The Madras Presidency can claim
freedom from the conception that (p. 200) * though
plague had broken out for some years in China, almost
no precautions had been taken to exclude it from
India.” Itisinaccurate to describe Mr. E. H. Hankin,
the able bacteriologist, as ¢ the discoverer of the mode
of purifying wells by permanganate of potassium.”
He did not initiate the method ; to him is the credit
of showing that the cholera vibrio is killed by the
chemical, and is not starved out of existence by its
action on organic matter. The Hindu title of
“ Maharaja  used in connexion with the independent
potentate mentioned at p. 1or will doubtless be
corrected in future editions of the work.

W. G. King.
NO. 2801, VOL. I12]

Variable Stars.

Specola Astronomica Vaticana V. Herausgegeben von
Johann Georg Hagen, S.J., und Johann Stein, S.J.
Die Verdnderlichen Sterne. Erster Band: Ge-
schichtlich-Technischer Teil. Von Johann Georg
Hagen, S.J. Pp. xx+811. (Freiburg im Breisgau
and London: Herder und Co. G.m.b.H., 1921.)
42s.

HOUGH the subject of variable stars, apart from
still earlier beginnings, has been actively studied
for a century, and the realisation of its importance has
been reflected in a growing volume of technical litera-
ture, it has not hitherto received extended discussion
on historical lines in a work exclusively devoted to
this branch of astronomy. The first volume of such a
work, for which Father Hagen assumed responsibility,
has now been completed by the inclusion of a fourth
and last part, on the elements of the light-change, the
three earlier parts having been issued separately from
the year 1913 onwards. The remaining second volume,
which will deal with the physical explanations of the
phenomena of variable stars, is in the hands of Father
Stein, and its appearance will be anticipated with
interest. :

In these days, when the insistent demand for sum-
maries even to the most condensed papers betrays the
fact that honest reading is out of fashion, there is some-
thing impressive in an ample and scholarly work like
this, with its more than 8oo quarto pages. The three
earlier parts dealt with the equipment of the observer,
the actual observation of variable stars, and the reduc-
tion of the observations. References to other methods
will be met with incidentally, but it is to the visual
method in its historical development that the work is
almost exclusively devoted. Naturally there are parts
of the subject which are largely independent of the
particular method of observation, and the discussion
of them will serve a more general application.

To avoid misconception as to the nature of the work
and its limitations, it will be well to refer to an explana-
tion given at the outset in the preface. There it is
stated clearly that for the principles of photometry,
the practical details of astronomical photography, the
description of all the various forms of apparatus and
those parts of mathematical theory which are involved
in the discussion of the observations, the reader must
consult in each case the appropriate text-book or even
an encyclopedia. To this it should be added that
the book contains no figures or illustrations, and that
very little space is occupied by tabular matter. Thus
it is in no sense a text-book suitable for the needs of the
ordinary observer, but an historical work from which
the lessons of past experience can be derived from

Al



6 NATURE

[JuLy 7, 1923

documentary evidence. It may easily be felt that
judicious compression of the abundant material, so
far from diminishing, would have positively enhanced
the value of the work. Moreover, while a full treat-
ment of those technical matters, which have a general
character and yet find a particular application in this
special subject, would have been out of place, short
explanations based on first principles could sometimes
have been interpolated with material advantage to the
general reader. But it is as an historical work of
reference that the volume now completed must be

judged, and as such it will bring the author of the.

“ Atlas Stellarum Variabilium ” the renewed gratitude
of all those who are interested in this branch of
astronomy. Taks Gy 12

The Study of Fossils.

Awnimals of the Past : an Account of Some of the Creatures
of the Ancient World. By F. A. Lucas. Sixth and
revised edition. (Handbook Series, No. 4.) Pp.
xii+207. (New York: American Museum of
Natural History, 1922.) n.p.

N 1901, when Dr. Lucas was a curator of the United
States National Museum, he published a most
useful popular book on the study of fossils, with special
reference to the remarkable extinct vertebrate animals
found in North America. A decade later, when he
became director of the American Museum of Natural
History, New York, he reprinted his work as one of
the handbooks of that museum, where it has had a
large sale. He now has issued a much-revised edition,
with numerous new illustrations from fossils actually
in the American Museum.

Dr. Lucas’s little treatise is neither a museum guide
nor a text-book, but consists of a series of gossipy
chapters, each on a special subject, admirably designed
to rouse an interest in the study of fossils. He explains
their nature, describes how they are collected and
made available for science, and leaves the reader in
a frame of mind to appreciate more systematic and
technical works on the subject. At the end of each
chapter, indeed, he refers to some of the more important
literature, besides mentioning the chief American
museums in which illustrative specimens can be seen.

Among the new matter may be specially mentiored
a discussion of Mr. Beebe’s theory of the origin of
flight in birds, a chapter on flying reptiles with some
good illustrations from Seeley’s  Dragons of the
Air,” an account of Tyrannosaurus and the giant
Eocene bird Diatryma, additional figures of dinosaurs,
and a photograph of the restoration of the American
mastodon in the State Museum at Albany. There
is also a photograph of an engraved bone found in a
cave near Pineville, Missouri, in 1921, which seems
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to show the rude outline of an elephant, either mam-
moth or mastodon.

Dr. Lucas writes, of course, primarily for American
readers, and-it is natural that he should place American
discoveries in the front rank; but he is wrong in
stating that “ the largest single bone of a Dinosaur ”’
is the thigh bone of Brachiosaurus at Chicago—it is
three inches shorter than the humerus of the African
Gigantosaurus at Berlin. The rivalry between the
American paleontologists and their colleagues in the
0ld World is one of friendly emulation, which has led
to great discoveries in more than one hemisphere.

A S. W.

Our Bookshelf.

Methods and Experiments in Mental Tests. By C. A.
Richardson. Pp. 94. (London, Calcutta, and
Sydney: G.G.Harrap and Co., Ltd.,1922.) 3s.6d.net.

It is difficult to perceive for what type of audience
Mr. Richardson’s book is intended. If it is meant for
readers who have no knowledge of any of the literature
on the subject, then it is surely out of place to introduce
the subject by a rather perfunctory discussion of the
criticisms made against the use of tests. If, on the
other hand, it is meant for readers already conversant
with some of the work done, then much of the dis-
cussion is useless. The same remark applies to the
statistical account.

The details of the experimental testing of groups of
children are very interesting, but would have been
more suitable for an article in a psychological journal
than for a book.

The Organisation and Administration of Physical Educa-
tion. By Prof. Jesse Feiring Williams. Pp. xiii+
325. (New York: The Macmillan Company ;
London : Macmillan and Co., Ltd., 1922.) 9s. net.

Dr. WiLLiauMs urges the necessity for physical educa-
tion to be placed on a scientific foundation, and gives
such a basis with a wealth of detail which is rarely
associated with the subject. Indeed, it is carried to an
extent which, in Great Britain, is unnecessary.  The
chapter on health and efficiency is the least scientific ;
little reliance can be placed on tests involving such
factors as height and weight charts, and the ratio of the
girth of the arm to that of the chest. The general
purpose of the book is good, and it should provide a
stimulus to interest in physical education.

Character and the Unconscious : A Critical Exposition
of the Psychology of Freud and of Jung. By J. H.
van der Hoop. Authorised Translation by Elizabeth
Trevelyan. (International Library of Psychology,
Philosophy, and Scientific Method.) Pp. viii+223.
(London : Kegan Paul and Co., Ltd. ; New York :
Harcourt, Brace and Co., Inc., 1923.) 10s. 6d. net.

Ta1s is a general and rather superficial account of the

theories of Freud and Jung. The author tells us it is

the result of nine years’ intensive study of the practice
and theory of psycho-analysis, which seems to mean
that he has been a practitioner during that period.

The translation is well done.
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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, nor to correspond with
the writers of, rejected manuscripts intended jfor
this or any other part of NATURE. No notice is
taken of anonymous communications.)

Positive Ray Analysis of Copper.

THE chief difficulty in analysing an element with
a high melting-point by means of positive rays lies
in the construction of a suitable furnace for evaporat-
ing the metal. I have recently succeeded in obtaining
rays of copper by using a molybdenum furnace,
heated with a coil of molybdenum wire embedded
in alundum cement. Three isotopes were observed
separated by two units in atomic weight. The rela-
tive intensities were about 1°4:1: 1, the lightest being
the strongest. Rays of rubidium were also obtained,
probably from the cement, and showed two isotopes,
as found by Aston with his method of analysis. The
relative intensities gave a mean atomic weight of
85°'51, in good agreement with the chemical atomic
weight 85:45. To obtain agreement with the chemical
atomic weight of copper 63:57, it is necessary to
suppose the isotopes to be 62, 64, and 66, since this
gives a mean atomic weight of 63'76, which is as
close as would be expected. A direct comparison
with rubidium is desirable, but further experiments
will be necessary before the comparison can be
regarded as conclusive, since the rubidium rays
probably start at the surface of the cement and may
fall through a different potential from the copper
rays. A few comparisons suggested the even atomic
weights, so that we may provisionally take the
isotopes of copper as of atomic weights 62, 64, and 66.
This seems to mark the first exception to the rule
observed by Dr. Aston to hold for chlorine, potassium,
bromine, rubidium, and antimony, that elements
with odd atomic numbers have isotopes with odd
atomic weights, and may be connected with the fact
that copper occupies a place in the series of elements
where the atomic weights begin to increase rapidly
with atomic number. . A. J. DEMPSTER.

Ryerson Laboratory, Chicago,

June 9.

Expansion of the Wings of Lepidoptera after
Emergence from the Chrysalis.

No one who has watched a butterfly or moth
emerging from the chrysalis can fail to have been
impressed by the rapid expansion of the wings. This
y _ expansion is not real growth,
but merely the opening out of
the contents of a carefully
packed parcel, and the general
character of the changes which
occur in the process is well
known.

The true growth of the wings
takes place and is completed in
membranous sacs just within
the walls of the chrysalis, and
the form of the wings can be
distinguished from the outside.
The position of the wings during
their development is such that
the upper surface of the fore
wing is next to the wall of the chrysalis, and within
a day or two from the time of hatching the colours
and markings can in many cases be recognised.

Each wing consists of two separate membranes,
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F16. 1.—Pupal and extended
wings of V. Jo (distance
between lines=1 inch).
The pupal wings were
removed from the chry-
salis just before emerg-
ence,

united with the nervures, on which the scales are
mounted, the stems of the scales entering sockets in
the membranes placed in fairly symmetrical rows,.
though the irregular shape of the spaces between the
nervures prevents the symmetry being exact.

The point to which the present note is intended to
direct attention is the numerical relation between the

F1c. 3.—Section of pupal
wings parallel to the wings at right angles to
nervures. X 6o. the nervures. X 6o.

Sections in Figs. 2 and 3 were cut from the chrysalis, and
show both the fore and hind wings.

F16. 2.—Section of pupal

size of the pupal and expanded wings, and the reason
for the constancy of this relation. In all the lepi-
dopterous wings which I have examined the pupal
wing has very nearly one-third of the dimensions of
the wing of the perfect insect (Fig. 1).

If the fully developed wing is removed from the
chrysalis and sectioned, the reason for the one-to-
three ratio is immediately evident so far as regards
extension parallel to
the nervures, but the
‘““accordion ”’ folding
whereby the scale-
bearing membranes
expand in a direction
at right angles to the
nervures is rather

be

F1G. 4.—Section of
extended wings

Fi1c. 5.—Section of
extended wings at
right angles to the

parallel to the

1 nervures. X 60. nervures. X 60.
OIS COmP & These sections are from the posterior part
The section parallel of the fore wing not far from the margin.

to the nervures is - :

shown in Fig. 2 and diagrammatically in Fig. 6. Here
the wing membrane is seen folded so that the distance
from fold to fold is the same as the depth of the fold,
and therefore the extended is three times that
of the folded dimension. To realise the chapacter
of folding in the other principal direction, imagine a
series of camera bellows fully extended A_IAZ, etc.,
to be placed side by side, Fig. 9, so that the sides C,C,,
C,C,, etc., will remain in contact when the bellows are

F16. 6.—Diagrammatic section of
pupal wing parallel to the
nervures.

The letters refer to those in Figs. 2 to 7.—(a) Wall of chrysalis ; (b) scales;
(c) wing membrane ; (d) sockets in membrane.

F16. 7.—Diagrammatic section
of pupal wing at right angles
to the nervures.

contracted. Then remove the lower sides B,B,, etc.,
and join the free edges of C,C,, C,C,, etc. It is clear
that the surface thus formed is developable, and that
if, to start with, the bellows are compressed to one-
third of their extended length the developed surface
will in all directions have three times the dimension
which it has when folded.

The section of the membrane cut in this direction
presents a much more complex appearance (see Figs.
3 and 7) than that parallel to nervures.

The compression to one-third of the extended
dimension in the transverse direction appears to be
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due to the space occupied by the ““ accordion’’ folds,
and a diagrammatic sketch of the folded membrane
seen in plan with the scales removed is given in Fig. 8.

5 ] \

a :

¥16. 8.—(a) Bird's-eye view of cardboard model showing the upper surface
and side of the folds partly extended. (4) Developed surface of card
showing the lines of folding.

The positions in which the sockets for holding the
stems of the scales occur are shown at 4 in Figs. 6, 7, 8.
In the pupal wing the scales are closely packed like
the pile of a carpet, but after expansion lie close, and

nearly parallel to the ex-

Ay Ay Az Ay tended wing membrane,
see Figs. 4 and 5.

The mechanical means
whereby the extension is
effected is, I believe, of
much the same nature as
pumping up a pneumatic
tyre, fluid being injected

into the nervures by the muscular action of the body ;
but this is a point requiring further observation.
So far as I know, it is only in the Lepidoptera that the
3 to 1 expansion occurs, but it seems probable that
. the same form of stiffening by injection acts in all
wings supplied with nervures.

S e B
Fic. 9.—To illustrate the formation
of an “‘accordion ” folded sheet.

A. MALLOCK.
April 30.

The Formation of New Egg Cells during
Sexual Maturity.

It is generally believed among mammalian embryo-
logists that during the life of the individual there is
no increase in the number of primary oocytes beyond
those originally laid down when the ovary was
formed. This idea has grown from two sources of
evidence—one, from the Weismannian doctrine of
the germ-plasm ; the other, from the fact that it is
difficult to find any evidence for post-natal formation
of mew oocytes by metamorphosis of any non-
germinal ovarian cell. 0 :

The problem of the origin of sex-cells in general
introduces two questions about which much dis-
cussion has taken place. The first of these questions
is how the first germ cells arise ; the second, whether
somatic cells can change into egg cells. Many,
accepting fully the work of Beard, that doyen of
embryologists, and of Woods, who showed that the
germ cells of certain Vertebrata originate as large
pale cells of the yolk-sac endoderm, at the same time
consider that the view that no somatic cell can
metamorphose into a germ-cell needs more evidence
than the description of germ-cell migration. Apart
from this important question, some zoologists believe
that no accession of new egg cells takes place during
the post-natal life of any craniate vertebrate, but the
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evidence produced by Bouin, Braun, Ludwig, and the
writer would seem to be conclusive for fish, amphi-
bians, and reptiles.

The attached photo-micrograph (Fig. 1) of the
adult frog ovary shows a large ovarian tag containing
germ cells in all stages, and it is indisputable that in
vertebrates below the mammals seasonal accessions
of new germ cells take place.

So far as the mammals are concerned no observer
within recent years has attacked the problem, but
Edgar Allen in the Awmerican Journal of Amnatomy,
vol. 31, No. 5, has now published a paper in which
he claims that a cyclical proliferation of the germinal
epithelium gives rise to a new addition of young
oocytes in the cortex of the adult ovary of Mus at
each normal oestrus period. This new paper appears
to me to contain the results of much careful work,
and it upholds the views expressed by the Waldeyer
school of embryologists.

So far as the mammal is concerned, it may be taken
that since the necessity for large numbers of fresh
proliferated germ cells is usually absent, these do not

F1G. 1.—Photomicrograph of adult ovary of Rana. At X, X, are leptotene
and pachytene stages of oogenesis, as well as large numbers of later
oocytes. At O, is a part of the rest of the ovary with large eggs.

generally occur in those forms which produce few
young. The writer, through the kindness of Prof.
J. P. Hill, has lately examined several ovaries of
Ornithorhynchus without finding any signs of oogonia
in the adult : the material was not extensive enough,
in the light of Edgar Allen’s work, to pronounce a
definite verdict, but I believe Ornithorhynchus does
not produce litters of young like the rodent. It is
worthy of note that Allen’s descriptions of photo-
micrographs correspond to the descriptions and
figures already given by the present writer for Rana
and Bufo. Allen’s Plate 5 is very striking evidence ;
he has, moreover, demonstrated completely the
cyclical mitotic divisions and activity in the germinal
epithelium of Mus.

The opponents of the germinal epithelial theory
will naturally say that Allen’s cells are derivatives of
the migrated primitive germ cells; but unless some
obvious difference can be shown to exist between the
germinal epithelial cells and the forerunners of the
cells described by Allen, we are justified in assuming
that the new egg cells are derived from metamor-
phosed epithelial cells, and certainly from cells which
have lost their individuality in the formation of the
so-called somatic part of the ovary.

The statement, often made, that only primordial
germ cells can produce gametes, and that the metamor-
phosis of epithelial cells into germ cells does not take
place, needs also the assumption that the potential-
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ities of the somatic cells are curtailed by some special
cytological mechanism, which, be it marked, has not
hitherto been described by any one in the Vertebrata.

The nearest approach to such a mechanism is the
chromatin-diminution process in Miastor, an insect
in which all but the germ cell nuclei are deprived of
part of their chromatin. Nowadays, however, fe.w
zoologists wish to repeat the mistake of Weismann in
deducing too much from the peculiar cytology of the
holometabolous Hexapoda, which develop under
special conditions. J. BRONTE GATENBY.

Trinity College, Dublin,

June 9.

Origin of certain Filamentous Forms
from Eocene Beds.

A paper by Prof. T. D. A. Cockerell has just
appeared entitled ““ The Supposed Plumage of the
Eocene Bird Diatryma *’ (Amer. Mus. Novitates, No.
62, 1923), describing certain filamentous bodies from
Eocene (Green River) beds of Colorado.

Prof. Cockerell states that the specimens ‘‘ are not
vegetable fibres, nor are they mammalian hairs,” but
resemble the simple feathers of birds like the casso-
wary, and he refers them (with a query) to a new
species of Diatryma because this is the only known
Eocene bird from which they could have come.

Prof. Cockerell has been good enough to give the
original of his Fig. 1B to the Geological Department
of the British Museum (Natural History), and an
examination of this specimen has failed to convince
me that it is not of vegetable origin. Similar strands
of filaments occur in Upper Eocene rocks of Haering,
Tyrol, for example, and are derived from decayed
leaves of palms (Sabal major, Ung.), into undecayed
portions of which they are sometimes seen to pass.
These fibres in specimens from Haering are absolutely
indistinguishable from those in the original of Prof.
Cockerell’s Fig. 1B, and, though it is difficult to arrive
at any definite conclusion from such fragmentary
material, it seems quite possible that the supposed
feathers may be only fibres from a decayed mono-
cotyledonous leaf. W. N. EDWARDS.

Geological Dept.,
British Museum (Natural History), S.W.7,
May 26.

Hafnium and Celtium.

It is with great interest that I have read the
communications of Dr. Coster and Prof. Hevesy -in
NATURE on the new element, hafnium. Under the
title ‘“ Correlation of Atomic Structure and Spectra ”’
(Journal American Chemical Society, xliv., p. 328,
1922) I discussed the properties of the unknown
elements from the point of view of Bury’s theory of
atomic structure, and stated : ‘“ No. 72 possibly is
Urbain’s celtium. But Bury’s arrangement gives
the electron structure 2. 8. 18. 32. 8. 4 for this element,
which is consequently tetravalent, while Urbain
describes celtium as being intermediate in chemical
character between Lu and Sc, both. trivalent elements.
A further investigation of the chemical properties
and the X-ray spectrum of celtium is therefore
desirable.”” This article was received by the editors
of the Journal, November 22, 1921, and, I believe, is
“the first published suggestion that the chemical
properties of celtium as given by Urbain do not agree
with theoretical considerations of atomic structure.

Harowrp S. KiNa.

The Chemical Laboratory, Dalhousie University,

Halifax, Nova Scotia, May 12.
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Distribution of Limnza pereger and L. truncatula.

SOME recent observations on a subject lately dis-
cussed in the columns of NATURE may be of interest.

The freshwater snails, Limncea pereger and L.
iruncatiula are widely distributed over this district,
where Distomum hepaticum is a serious pest : the two
molluscan species occur in almost every body of
fresh water where the topographical conditions are
suitable, excepting only such as are seriously pol-
luted by the effluents from old lead-workings. The
hydrogen ion concentration of the fresh waters varies
generally from about Py 6°4 to Py 6°9.

While studying a neighbouring area, a portion of
the Plynlimmon plateau, about 12 to 15 miles from
Aberystwyth, I was struck by the almost complete
absence of freshwater molluscan species. Two only
were found : L. pereger and Ancylus fluviatilis, the
latter in a single locality only, the former in this and
one other locality. The hydrogen ion concentrations
of the waters in these two localities were Py 6°4 and
Py 6°5 respectively : both are exceptional figures for
the area, where the Pg values as a rule range from 58
to 6-2. (Peat bogs abound in the district.)

Laboratory experiments show that L. pereger
invariably dies within 2 to 3 hours after being placed
in water of Py value 5'6. (Distilled water which had
been exposed to the air was used for these experi-
ments; also tap water, which has here about the same
Py value.) A characteristic reaction is given, the first
phase of which is the nearly complete extension of the
body beyond the shell, with violent twisting move-
ments. Eventually the animal dies in retraction,
with much exudation and coagulation of mucus. I
intend before long to carry out similar experiments
with L. truncatula. Several other freshwater species
show a similar reaction, the coagulation of the mucus
being especially noticeable.

KATHLEEN E. CARPENTER.

Zoological Department,
University College of Wales,
Aberystwyth.

Scientific Names of Greek Derivation.

In the course of the interesting notice of Stille’s
“ Die Schrumpfung der Erde ’ in NATURE of June 2,
reference is made to “ What G. K. Gilbert styled
‘epeirogenic’ (now written ‘epirogenetic’).”” The
latter termination is no doubt more correct, but the
spelling of the second syllable involves a more debat-
able question. Some of us are by no means reconciled
to the system of the Latinisation of Greek names, now
widely followed, especially on the other side of the
Atlantic. It is a distinct misfortune that Greek
should reach the nomenclature of science by way of
a language poorer in both vowel and consonantal
sounds. To write “ dinosaur *’ for ‘‘ deinosaur ” is
to obscure the derivation of the word. So long as
most of our scientific terms are derived from Greek,
it is obviously desirable'that they should be written
in English in a form as closely similar as possible to
the original, so that a student can look them up in a
lexicon even if he knows but little more of the
language than the letters.

I am glad, however, to see that your reviewer,
when he is at liberty to follow his own predilections,
prefers to adhere as far as he can to the Greek
spelling. Does he not speak of ‘“ Okeanos, lord of
the great outer seas’ ? -Jorx W. EVANS.

Imperial College of Science and Technology,
S.W.7, June 4.
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As the reviewer referred to, I warmly welcome the
remarks of Dr. J. W. Evans on the tendency to
modify Greek forms, sometimes beyond recognition,
when they are introduced into scientific terminology.
I went to some trouble in looking up Gilbert’s
““ epeirogeny,” which Sir A. Geikie of course spells
correctly in his ‘ Textbook of Geology.” I have
long clung to ‘‘ deinosaur,” and American authors
should bear in mind that the use of an i for ei com-
plicates pronunciation when the terms are handed on
to other nations.

The chief offender, however, was Charles Lyell, who
knew that he was doing wrong when he wrote his
footnote on p. 53 of the third volume of the * Prin-
ciples of Geology” in 1833. He justified his
‘“Miocene ” and ‘ Pliocene ”’ by the use of “ encenia ”’
and ‘‘ icosahedron ’’; but the result has been the
absurd American term ‘“ Cenozoic,”” which, if it means
anything, should remind us of the emptiness of life.

The frequent use of the prefix ““ epi”’ makes one
anxious to preserve ‘ epeirogeny.” I wish that we
could mark the first e with a stroke to keep it long,
and this remark applies also to “ Tethys.” But in
the face of ‘ Epirus,”” and ‘ Pisistratus,” and
““ Phidias” it is difficult to be logical. May we not
attempt, however, as Dr. Evans suggests, to keep our
newly invented scientific terminology from degenerat-
ing like our common speech ?

GRENVILLE A. J. COLE.

On the Significance of ¢ Rings’’ on the Shells
of Cardium and other Molluscs.

IN NaTURE of February 3, p. 146, I referred to
experiments on determining the rate of growth of
a fixed population of marked cockles (Cardium edule).
In this experiment the box which was fixed in the
bed of the River Yealm and contained the cockles
was visited monthly, and sometimes at intervals of
only a fortnight, for the purpose of measuring the
increment in growth since the previous visit. This
method of work resulted in an interesting observation
on the formation of rings on the shells of the growing
cockles. It was found that in the young cockles,
i.e. up to about 16 mms. in length, dark rings were
formed monthly or fortnightly in a majority of cases,
on the shells at the size they were when last measured,
but that no similar formation of rings could be
detected in the larger and generally older shells.
On the other hand, both small and large cockles
showed distinct rings after the winter period.

In young cockles, growing in length at the rate
of one millimetre or more a week, a cessation of
shell-growth for a few days as a result of being taken
out of their habitat and handled is enough to. produce
a distinct ring, but older cockles which increase
in length a very small amount in even a month show
no external sign of a small period of cessation in
growth. Thus rings on the shells of cockles are
undoubtedly due to periods of cessation of shell-
growth, and the length of the period necessary to pro-
duce an effect depends directly upon the size of the
cockle.

In this connexion it is interesting to read the
history of cockles picked up haphazard. Some shells

I picked up on the shifting sands of the bar at Padstow-

showed numerous rings close together, and there
is no doubt that these rings can be interpreted as
periods of cessation of shell-growth probably separated
by only a few weeks, and due to the cockles being
embedded deep in the shifting sand after rough
weather. On the other hand, cockles picked up in
protected situations show mostly those rings which
can be interpreted as winter rings, but often also
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near the umbo, tiny rings which may mean the
occurrence of a disturbance for only a few days
while the individual was young. Similar winter
rings have been found by experiment in Crepidula
and in many cases in Patella, but Patella may not
show winter rings in some situations at Plymouth
after a mild winter. }

In fishes the indications of periods of growth and
of cessation of growth are very important, and in
view of the observations mentioned above it would
be interesting to know whether the otoliths and
scales of young fishes, which show distinct rings
(apparently produced in winter and summer), would
reflect the effects of short periods of an analogous
disturbance in the same way as the shell of the cockle.

J. H. OrTON.

Marine Biological Laboratory, Plymouth,

June 19.

A Crystallisation Phenomenon.

THE attached photograph (Fig. 1, natural size) is of
interest, as it illustrates a phenomenon which does
not appear to have been recorded.

For certain experiments it was necessary to purify
some samples of salicylic acid, and recrystallisation
from hot water was resorted to. The work was
carried out in a litre conical flask, and a layer of
crystals was formed at the surface of the solution on
cooling. Below this layer many crystals were seen
to be suspended by threads, and as the photograph
shows, one thread would grow several crystals at
different depths in the liquid.

In a bright light, reflection may occasionally be

FiG. 1.

observed from some threads, but generally they are
too small to be seen with the naked eye. They are
elastic in the sense that, if the vessel is gently swung,
the crystals oscillate at the end of their threads, which
sometimes form flexible loops instead of hanging
vertically. The threads are quite stable, as the
suspension remains for months at a time. On one
occasion the crystal layer was formed on a small
grid of glass fibres and the solution syphoned out ;
the crystals were left hanging, but the threads could
not be distinguished.

I am indebted to Mr. Sowerby of this College for
the photograph. C. R. BAILEY.

Chemistry Department,

University College, London, W.C.1,
' June 8.
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Studies from a Wireless Laboratory.!

By Prof. W. H.

TI—IE studies pursued in a wireless laboratory are

mainly of two kinds: fiist, those directed to the
solution of problems that have arisen in the develop-
ment or use of practical apparatus, and, secondly, those
with which we are here concerned, aiming at the appli-
cation of novel principles or novel phy51cal phenomena
to the invention of new methods or apparatus. Little
will be said of the methods of wireless communication
as they exist to-day; on the contrary, our attention
will be devoted to some possibilities of wireless tele-
graphy—possibilities tested in the laboratory but not
yet tried on the large scale. In other words, no attempt
will be made to give a record of technical progress
accomplished to date but, rather, to discuss wireless
communication as it may be.

The new methods to be first described are based upon
the phenomena, not yet fully known in detail, which
occur when one vibrating body is caused to influence
the vibrations of another. Consider the case of a
simple pendulum consisting of a weight tied to the
lower end of a string the upper end of which is held in
the hand, and suppose it is of such a length that it
would vibrate freely to and fro in a period of two
seconds, when the hand is held still. Then it is easily

ﬂﬂ/\/\/\v
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DYING OSCILLATIONS.

seen that on moving the hand horizontally to and fro
with a complete period of, say, one second, the pendulum
will follow the hand and likewise vibrate with a period
of one second. Similarly, when the hand vibrates with
a period of, say, three seconds the pendulum will again
follow and take the new period. This experiment is
very familiar and is known to students of mechanics as
an example of the subject of “ forced vibration.”

A pendulum forced in this manner may be said to
vibrate “in time with ” the hand, but the experiment
shows that it is not “in step with” the hand. It
would not be correct to say that it is ““in tune with ”
the hand, since this term is reserved—in electrical
physics at any rate—to indicate that the natural period
of the free and unpropelled pendulum is the same as the
period of vibration of the hand. We may, however,
express the state of affairs by saying that the pendulum
is forced into accord with the hand and that it is then
in the “accordant state.” A simple example of this
relationship between two alternating movements is seen
when a dog, for example, is walking along the road ;
lllis hind legs are in time but not in step with his fore
egs.

The vibrations of a simple pendulum left free to
vibrate with its own period gradually die down as indi-

F16. 1.—Dying oscillations.

Al Substance of a discourse delivered at the Royal Institution, Friday,
pril 13.
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cated in Fig. 1. The vibration is a dying oscillation,
and in such a case the theory of the forced vibrations is
easily understood. In a modern wireless laboratory,
however, we have to deal with growing and sustained
vibrations as in Fig. 2, and in such cases the theory of
the accordant state is rather different. This is to be
expected—for it is like comparing a living thing to a
dying one. Usually the vibrations are sustained by the
aid of the triode valves so well known, and the rates of
vibration are very high. In order to lead up to an
understanding of the accordant state at these high
frequencies it is best to study low frequencies first.
For the study of vibrations slow enough to be followed

/\Af\/\ﬂ
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F1G6. 2.—Growing and sustained oscillations.

SUSTAINED OSCILLATIONS

by the eye a new type of oscillator has been designed
and constructed and is here exhibited for the first time.
Fig. 3 is a diagrammatic plan of the apparatus. The
horizontal magnet has a horizontal ebonite rod fixed to
it at right angles and the whole is suspended from a
vertical torsion wire passing through the centre of
gravity. The poles of the magnet confront two hori-
zontal solenoidal coils connected in series with each
other and with a battery and diode valve, that is, a
thermionic valve of the type invented by Prof. Fleming
in 1904 and containing only two electrodes, namely,
a filament and a plate. Such a valve possesses tlfe

T T
& g )
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F16. 3.—Diode-sustained torsion pendulum (in plan).

property that the electron current across the vacuum is
sensitive to outside electrical influences if the electrodes
have suitable relative positions—an ebonite rod charged
by rubbing causes a diminution of the electron current
when it approaches the diode and allows the current to
increase again when it recedes. The action of this
diode-sustained pendulum is now easily explained by
supposing it swinging, and noticing that the ebonite rod
as it moves to and from the diode causes an alternation’
of magnitude of the currents in and magnetic fields of
the coils, which is automatically in correct time relation
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to assist the motion of the magnet. By means of a
small mirror fixed to the magnet, and a lamp and scale,
the building up of the motion from a small initial
amplitude is easily seen.

With two such pendulums the accordant state can
be studied by eye observation. Dr. Winifred Leyshon
is engaged upon this task. As arranged for the investi-
gation one of the pendulums is made the master by
sending some of its current through an auxiliary winding
influencing the magnet of the other pendulum. The
frequency of either the master or of the servant pendu-
lum can be varied by the aid of a movable permanent
bar magnet placed near the oscillating magnet. Then
it is seen that as one natural period becomes nearly the

F16. 4.—Triode-sustained tuning-fork.

same as the other the master catches hold of the
servant, compels it to-abandon its own natural
period and to move in time with the master’s—though
not necessarily in step. The amount by which the
servant is out of step depends upon the difference of
the natural periods and therefore can be regulated.
These slow vibrations are seen and not heard ; but it
is also possible to use vibrators of acoustic frequency
and so make the according process evident to the ear.
A tuning-fork sustained by a triode is very effective as
the master oscillator. The circuit is shown in Fig. 4,
from which it will be seen that when the fork is vibrating
the induced electromotive force acting upon the grid
controls the anode current so as to sustain the motion.

000000

o

F1G. 5.—Triode electrical oscillator.

(See Eccles and Jordan, ¢ Sustaining the Vibration of
a Tuning-fork by a Triode Valve,” The Electrician,
June zo, 1919.)

On the other hand, an electrical oscillation, which is
independent of moving matter, makes a good servant
oscillator. Its circuit is shown in Fig. 5. The linkage
between the two oscillators is effected by passing some
of the current from the fork coils through an auxiliary
winding on the electrical oscillator. The fork is audible
when oscillating because it agitates the air; the elec-
trical oscillations can be made audible by inducing
currents in another circuit containing a loud-speaking

* telephone, and their frequency can easily be altered
through a semitone or more by varying slightly the
capacity of the condenser shown in Fig. 5. Now, as
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the natural frequency of the electrical oscillator is made
to approach that of the fork, loud throbbings (called
“beats ”’) are heard, which become gradually slower
until at a certain point the master suddenly drags the
servant into time and the throbbings cease. If the
movement of the condenser is continued the natural
period of the electric oscillator is carried through
resonance and then beyond, and finally the servant
breaks away from the master and the throbbings indi-
cating their difference of frequency begin anew.

This experiment is reminiscent of that of the two
air- blown organ pipes discussed by the late Lord
Rayleigh many years ago (Phil. Mag., 1879, Collected
Papers, vol. i. p. 409). Rayleigh showed that two
organ-pipes nearly in unison dragged each other into a
common frequency if brought into propinquity.

The preceding experiments have carried us from
vibrations at 2z per second to vibrations at zoo per
second ; we now pass to the problem of accordance
when the vibrations are of frequency 200,000 per
second, such as are commonly used in wireless tele-
graphy and telephony. Such high frequencies are
neither seen nor heard, but ‘can be detected by special
methods. The electrical oscillator nsed comprises
a triode and an inductance and capacity connected
as in Fig. 5 and chosen of suitable magnitudes.
The detecting apparatus is an inductance coil and
variable condenser connected to a crystal detector just
as In many a household crystal apparatus used for
listening to the broadcasting stations. A galvano-
meter is connected to the crystal and a spot of light
moves on the screen when the condenser is varied while
the triode apparatus is in action. A maximum deflexion
is soon found and then the receiver is in tune with
the triode oscillator. Another triode oscillator is now
substituted for the first and varied in frequency until
in tune with the crystal receiver. Clearly both triode
oscillators are now of approximately the same frequency.
Let them both be put into action simultaneously so as
to act upon the crystal circuit, and let a pair of auxiliary
coils, connected in series, be placed confronting the
respective triode oscillators in order to establish a
linkage. The crystal circuit is receiving energy from
both of the triode oscillators and actuates the galvano-
meter. The accordant state is then easily found by
varying one of the oscillators very slowly and watching
the spot of light. At the moment when the two oscil-
lators come within a certain frequency difference, they
suddenly pull into time and the spot of light gives a
sudden kick. This phenomena was discovered by
Dr. J. H. Vincent and described in the Physical Society
Proceedings (p. 84, Feb. 1920). One of his curves is
reproduced in Fig. 6.

This curve illustrates that as the condenser of one
triode oscillator is increased the galvanometer in the
crystal circuit shows first an increase and then a very
sudden decrease of deflexion. The nearly vertical
parts of the curve are due to the establishment of
accordance. In a rough way one may explain the
phenomenon by saying that at the lowest point of the
curve, where there is a sharp cusp, the two oscillators
though vibrating in time with each other are oscillating
oppositely. In fact one oscillator is moving like the
front legs and the other like the hind legs of the dog
cited already. The curve or the experiment shows that
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a very minute variation of the condenser of either
oscillator makes the deflexion increase enormously.
There are several ways of applying this novel pheno-
menon to wireless telegraphy. Two of these may be
illustrated here. Suppose one of the two oscillators to
be a distant transmitter from which electric waves are
proceeding, and that these waves are picked up by the
antenna at a receiving station. Let the antenna be
coupled to a local oscillator in the relationship of
master, and let a tuned detector circuit be acted upon
by both the antenna and the local oscillator. Then
suppose the local oscillator adjusted until it is in the
accordant state with the antenna oscillations, and, in
fact, adjusted until the detector current is at the mini-
mum value corresponding to the cusp of Vincent’s
curve (Fig. 6). It then follows that a very minute
variation of the frequency of the oscillations emitted
by the distant station will give rise to a deflexion of
the galvanometer. It is suggested that signals could
be transmitted by up and down changes in frequency—
such changes would be far smaller than the changes of
frequency employed by the accepted methods of the
present day, and thus the interference between stations

[

— FREQUENCY OF VARIABLE 0SCILLATOR—>

F1c. 6.—Vincent’s curve.

DEFLECTION OF GALVANOMETER IN CRYSTAL CIRCUIT.

would be minimised. There are many easy ways of
producing small changes of frequency at the trans-
mitting station.

Another and very different method of signalling may
be illustrated by this same apparatus, after again
adjusting the receiving apparatus to the minimum
deflexion obtained in the accordant state. On trial it
is found possible to bring the spot of light to any
desired point of the scale—that is, to any desired point
on the vertical portion of the Vincent curve—by appro-
priate adjustments of the frequency of the transmitting
unit. These latter adjustments are for this purpose
conveniently effected by the motion of a short cir-
cuited coil of wire near the inductance coil of the
transmitting oscillator. Therefore, to every position
of the auxiliary movable coil at the transmitter there
corresponds a position of the spot of light actuated by
the receiving apparatus. It might even be possible to
mark the scales at each place with an alphabet and so
communicate intelligence without the aid of the Morse
code.

The above-described methods of signalling are based
on the discovery of accordance between triode oscil-
lators. Another distinct series of methods can be
suggested and illustrated. These methods depend
on the fact that the combination of two high-
frequency electrical vibrations of slightly differing fre-
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quencies yields a throbbing amplitude which may be
made of audible frequency and of any. desired pitch
by adjusting the frequency of either of the original
vibrations. The formation of relatively slow throbbings
from two quicker oscillations is shown diagrammatically
in Fig. 7. The existing modern method of receiving
continuous waves known as the heterodyne method
utilises this principle in the following way : The trans-
mitting station emits long and short trains of waves
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F1G. 7.—Illustrating the heterodyne method of reception.

corresponding to Morse dashes and dots and of fre-
quency, say 200,000 per second. These waves produce
in the receiving antenna feeble oscillations which are
combined with locally generated oscillations of about
the same strength and of frequency, say, 200,500 per
second. The result is a compound high - frequency
current with oo throbbings in it per second. These
when rectified can be heard in a suitably connected

telephone. The long and short trains of waves from
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Fic. 8.—Diagrammatic representation of sounds heard in
heterodyne reception.

the transmitting station thus give rise to sounds of long
and short duration and of constant pitch. The pitch
is adjustable by altering the local frequency from
200,500 to other values.

By altering this frequency from, say, 199,300 per
second to 200,000 and then to 200,700 the sounds in the
telephone run through a continuous scale of notes as
represented in Fig. 8. This starts on the left with a
note of 700 which falls in pitch to about 40 and becomes
inaudible, passes through resonance, becomes audible
again, and ascends a scale in opposite order to the first

A2
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scale. Thus a note of any desired pitch can easily be
obtained, but the intensity varies on account of the
varying sensibility of the ear and the apparatus. This
possibility of variation of pitch makes a number of new
methods of wireless signalling feasible. One of the
easiest resembles a very early kind of moving needle
telegraph apparatus called Bright’s bells in which the
needle moved to one side and struck a bell in order to
indicate a dot and moved to the other side and struck a
bell of different tone to indicate a dash. This method
was faster than the dot and dash sounder and appar-
ently easier to learn. In its proposed wireless form the
transmitting station would emit equal wave trains to
represent dots and dashes, say of 200,200 frequency to
represent the dots and 200,500 frequency to represent
the dashes. Each Morse sign is then heard as a little
melody at a receiving station using a local oscillator of
200,000 frequency. Besides the advantage mentioned
above there is a likelihood that these signals would be
less distorted by atmospheric discharges than are longs
and shorts of constant pitch.

Still another simple method consists in utilising
three very close high-frequency oscillations at the trans-
mitting station, say 200,200, 200,100 and 200,050, and
making a new code for the alphabet out of permutations
of these. The local oscillator would have a frequency
of 200,000, and therefore the sounds heard in the tele-
phone would be short tunes. The method would be
faster than Morse, but might demand that the operators
should have musical ears. Still another method can be
imagined in which chords of three notes. instead of
arpeggios are used for the letters of the alphabet, but
this might require an even more musical ear.

But there is one kind of chord which every one can
recognise without special training, which even the
horse can discriminate in the sounds of ““ whoa ” and
“gee.” The vowel sounds are in fact chords. Lately
Sir Richard Paget has given (Vowel Resonances; Inter-
national Phonetic Association) a list of the chief tones
occurring in the English vowels. For example, the
vowel sound in the word ““ calm ” contains the tones of
frequency 1360 and 810 per second. Suppose, therefore,
a transmitting station is arranged to emit simul-
taneously electric waves of frequencies 201,360 and
200,810, and suppose these waves when received at a
great distance are combined with local oscillations of
frequency zoo,000 per second. Then the tones 1360
and 810 are perceived simultaneously as a chord in the
operators’ telephones. But this chord by itself is
scarcely if at all recognisable as a vowel. Recognition
is ensured by superposing a larynx note by aid of a
buzzing contact included in the receiving circuit. Then
whenever a train of two waves leaves the sending
station the vowel is pronounced by the receiving
apparatus. This is easily illustrated to an audience by

the aid of a loud-speaking telephone. Lecture appar-
atus for producing and detecting the two vowel sounds
represented by o, a, is shown in Fig. 9. The change of
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Fic. 9.—Heterodyne vowel apparatus.

radio frequency necessary for passing from one vowel to
another is provided by the tappings on the inductance
coils. In this apparatus the transmission occurs across
a short distance; in practical telegraphy the trans-
mitter would be more powerful and would be provided
with an aerial and the receiving apparatus would also
have an aerial.

The apparatus, which was built and made to work
by Messrs. C. F. A. Wagstaffe and E. S. Smith, two
former Finsbury Technical College students, was con-
structed to produce six vowels, namely, those heard in
the words eat, all, hate, shoe, calm, and earth. These
six vowels taken in pairs yield thirty-six symbols
which, together with the five vowels a, ¢, 7, 0, u repre-
senting themselves, amount altogether to forty-one
symbols. An alphabet formed in this manner is much
briefer than the Morse code ; that is to say, there are
fewer efforts of the sending key in making the same
message. For example, in the word London there
are seventeen efforts when Morse is used but only eight
when the vowel code is employed. Besides the gain
in speed there is a possibility of reception through
atmospheric disturbances being more easily accom-
plished with the vowel code than with the customary
dots and dashes of constant pitch, but this can only be
tested by actual trials.

Ur of the Chaldees.
By C. LEoNaARD WOOLLEY.

IN 1919 Dr. H. R. Hall, on behalf of the British

Museum, spent three months excavating at Ur.
Last summer the British Museum and the University
Museum of Philadelphia decided to send out a joint
expedition which should continue for a term of years
the work begun by Dr. Hall, and clear as much of the
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site as seemed likely to repay the necessarily heavy
cost of a scientific mission. The first season’s work
of the joint expedition is now over, and the results
amply justify the confidence of those who promoted it,
and give every promise of even greater success in the
future. :
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Mesopotamian sites are often on a very large scale,
and though Ur cannot compare in this respect with
Babylon, yet the mounds of the ancient city, spreading
in length for some three and a half miles, afford a
rather bewildering scope to the excavator. At Babylon,
in the course of their eleven years of work, the Germans
excavated a number of the most prominent mounds,
with excellent results ; but there is

we find records of later restorers dating from Ur-Engur’s
own grandson, Bur-Sin, to Nebuchadrezzar, king of
Babylon (6oo B.c.), and Cyrus of Persia (c. 535 B.C.).
Soon after Cyrus’s time, perhaps in the middle of the 5th
century, the temenos wall, with all the temples which
it enclosed, was destroyed by Zoroastrian iconoclasts.
In one of the gateways, last restored by Nabonidus,

this drawback to the system, that
we have in consequence a number
of important buildings or groups of
buildings isolated from one another,
and can deduce from them very
little regarding the lay-out of the
town plan, At Ur it will take many
seasons to obtain anything like a
plan of the whole city, but luckily
we are, even thus early in the day,
able to learn a great deal about the
most.important element in the city
—the ‘“temenos” or sacred area
wherein lay the principal temples
and the palace of the king.

Dr. Hall had dug one section
of the wall which enclosed this
temenos. Last season we traced it
for nearly its whole circuit and

— ]

cleared four out of the six gates by
which it ‘was pierced. Inside it
the great ziggurat or storied tower
of brick is unmistakable, forming,
even in its ruined state, a landmark
visible for many miles. Dr. Hall
excavated part of a building which
we have identified as the sanctuary
of the great temple of the Moon-god
Nannar (the greater part of it has
still to be dug). We have completely
cleared a smaller temple dedicated
to the Moon-god and his consort ;
and we have been able to fix with
tolerable certainty the position of
two other temples and of the royal
palace.  Already, therefore,. we
know not a little about the topo-
graphy of the temenos; and as by
means of air-photographs we have
been enabled to trace, without
digging, much of the main outer
wall of the city, the problem of
where work can most fruitfully be
done is simplified to an unusual

Phijadelphia,

F16. 1.—Part of the buttressed outer wall of E-nun-makh, the temple of the Moon-god and his
consort. The lower part was built by Bur-Sin (2250 B.C.), the upper part by Kudur-Mabug
(2c00 B.C.) : the interior brickwork seen above is by Nabonidus, last king of Babylon (¢. 550 B.C.).
By courtesy of the trustees of the British Museum and the Board of the University Museum,

.extent.

The temenos wall was built, as
numerous clay dedication-cones in-
form us, by Ur-Engur, the king who
founded the Third Dynasty of Ur about 2300 B.Cc. It
is a hollow or compartment-wall, each wall being over
9 feet thick with 13-foot chambers in the interior.
Built of unbaked mud brick, its face relieved by vertical
double-rebated grooves, it still stands in places nearly
1o feet high (Figs. r and 2). But the existing brickwork
is by no means-all of the founder’s date. Often in its
long historyitwas patched or rebuilt,and in the gateways
(where of course repairs were most frequently required)
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offering-table, and the groove in the floor for the ‘‘chancel screen.”
of the British Museum and the Board of the University Museum, Philadelphia.

FiG. 2.—Room in the sanctuary of E-nun-makh, the temple of the Moon-god and his consort,
showing the old walls, the new floor of bricks laid by Nebuchadrezzar, the side altar with its

By courtesy of the trustees

Cyrus’s predecessor, the scorched brickwork and the
charred beams of the gate-chamber roof survived as
a testimony to religious intolerance. It was just
inside this gateway that we found a headless diorite
statue of Entemena, king of Lagash and of Ur about
2900 B.C. ; it is probable that this ancient and already
mutilated figure was unearthed by Nabonidus, who had
a passion for archaology, and set up on the ziggurat in
front of the gate.
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The temple of the Moon-god and his consort was a
foundation far older than the temenos wall. When
Ur-Engur repaired it, as he did, it had already been
twice rebuilt, and the original builder is lost to us in
the mists of antiquity. That the temple was in use by
‘2650 B.c. we know, for we found in it fragments of
decorative stone vases dedicated by kings of Agade at
that time—but probably it was venerable enough then
(Fig. 3). Bur-Sin, the second in descent from Ur-Engur,

three thousand years. Nebuchadrezzar was the first
to embark on a radical alteration. The original five-
roomed sanctuary had been private, the god’s own
house, hidden away behind priests’ chambers and
stores and approached only by a winding passage.
Nebuchadrezzar did away with all the service-rooms in
front of the door, substituting for them a wide-open
court with a smaller upper court whereon stood the
altar. The alteration clearly points to a change from a

==

F16. 3.—1, Votive alabaster mace-head of Ur-Engur (2300'B.C.).

2, 3, Votive alabaster mace-head and vase of Rim-mush, King of Agade

(2650 B.C.). By courtesy of the trustees of the British Museum and the Board of the University Museum, Philadelphia.

thoroughly rebuilt the place; so did Kudur-Mabug
(about 2000 B.c.) and Kuri-Galzu (four hundred years
later) ; but then, and until another thousand years had
passed, the form of the temple remained the same :
like a human body regularly renewing its tissues, the
old building was still itself though its bricks changed.
So careful were the royal builders to keep to the old
times that, as a rule, each left one or two courses of his
predecessor’s building ¢z situ to serve as a guide to the
new bricklayers, and as a result the lower parts of the
walls which survive to-day sandwich into a few feet
successive periods of history covering two and perhaps

secret ritual to public or congregational worship such as
that referred to in the Bible story of the Three Children.

The number.of objects found in the course of the
excavations was very great, including jewellery of the
Neo-Babylonian and Persian periods, ivories and
bronzes, hundreds of inscribed tablets, mostly of the
time of the Third Dynasty (2300-2000 B.C.), terra-
cotta reliefs, carved and inscribed stone vases, pottery,
glass and stone beads, etc., etc. A special exhibition
of these will be arranged at the British Museum as
soon as possible, and illustrated lectures describing
the progress of the excavations will also be given.

Current Topics and Events.

THE present outbreak of small-pox in Gloucester
is very different from the tragedy of 1895-96. The
number of cases in that frightful epidemic was 1981 :
and the number of deaths was 434. On the present
occasion, the number of cases, up to now, has been
about one-tenth of that number. As in other places,
so in Gloucester, a very mild type of small-pox has
appeared: indeed, so mild that, to some people, the
very nature of small-pox seems to have changed.
Still, the possibility remains that the disease will,
some day or other, recover its old virulence. Besides,
it appears that some of the Gloucester cases have
been serious. Thus, at a meeting of the city council
on June 27, the Mayor spoke of ““ some of the fearful
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sights ” in the wards of the Isolation Hospital, and
said that he should never forget them: and the
chairman of the Health Committee spoke of ‘‘ severe-
and ghastly " cases in the same hospital. Unhappily,
so mild were the first cases that they were mistaken
for chicken-pox. The best authority on the rules
for avoiding this mistake between small-pox and
chicken-pox is Dr. Wanklyn: and his writings are
worth reading. The mildness of the epidemic, the
controversy over its nature, the frequent concealment
of cases, and the work of the anti-vaccinationists,
have brought about a most unfortunate state of
affairs in Gloucester. The fear is that Gloucester is
steadily exporting small-pox to neighbouring towns.
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THE first presentation of the Paterno medal was
made on July 1g during the meeting of the Inter-
national Union of Pure and Applied Chemistry in
Cambridge. The chairman, Sir William Pope,
explained that subscriptions had recently been
collected to form a foundation to commemorate the
many contributions made to chemistry in so many
of its fields by Prof. Emanuele Paterno. It had
been decided that the memorial should take the form
of a gold medal to be awarded every three years
for the most noteworthy discovery made in chemistry.

Prince Ginori Conti, the president of the Italian

Chemical Society, announced that at a recent meeting
in Rome the committee appointed had unanimously
nominated Dr. F. W. Aston as the recipient of the
first award for his work in theoretical chemistry in
connexion with the mass-spectrograph and isotopes.
Prof. Paterno then presented the medal. Dr. Aston
in replying expressed his sincere thanks for the great
honour done to Cambridge and to himself by the
award. He emphasised the importance of such
international prizes as promoting goodwill between
nation and nation, and expressed the hope that the
distinguished chemist who made the presentation
would be spared to assist at many similar occasions
in the future. Although the work for which the
award was made was almost entirely physical, he
reminded the chemists present that his first published
researches were in the domain. of organic chemistry,
and that to-day all definite distinction between
physics and chemistry had been swept away by the
discovery of the electrical constitution of matter.

News of Mr. K. Rasmussen’s researches in Arctic
Canada have been published in the T7mes in a dispatch
written in December 1922. The east coast of Melville
Peninsula’ from Repulse Bay to Fury and Hecla
Straits was charted, and extensive studies were made
of the little-known Eskimo tribes in that region.
These tribes, the Aiviliks and Igdluliks, have been
largely influenced by the whalers who used to visit the
coast in the latter half of last century. The whalers
took the Aiviliks into their service as boatmen, finding
them far superior for this purpose to the Eskimo of
Greenland. The result was that the kayak fell into
disuse and there are now no kayaks on this coast.
Hunting sea animals plays a small part in the lives of
these Eskimo, and the use of modern hunting gear,
which alone is employed, will die out with the dis-
appearance of the men trained by the whalers. Seal-
hunting is not widely pursued, and consequently
there is a shortage of blubber. In winter the snow
huts are generally unheated, and Eskimo have to rely
on good furs for warmth. Mr. Rasmussen found them
hardy to an incredible degree. During summer many
families move inland for trout-fishing and reindeer-
hunting, but reindeer are scattered and not numerous.
Hunting begins in July or August, which is the earliest
time that the skins are fit for clothing. During the
present summer Mr. Rasmussen, with one Eskimo
companion, proposed to travel across Arctic Canada
to Alaska and over Bering Strait to visit the Eskimo
in Siberia. Other members of his expedition were to
study the tribes of Melville Peninsula, and cross the
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interior of Baffin Land to the Hudson Bay Co.’s post
on Home Bay. The result of all these researches
promises to elucidate the problem of Eskimo origins.

O~ Monday, July 2, the Prince of Wales opened
the new anatomy, biology, and physics department
of Guy’s Hospital Medical School. The new building,
which completes the rebuilding scheme started some
twenty-seven years ago, consists of five floors. It
provides accommodation for the teaching of embryo-
logy and histology in connexion with anatomy and
for surgical research work, while close at hand is
the new biology department. The transference of
the physics department to the new building has

- provided increased space for the organic and bio-

chemical side of the chemistry department.

THE twenty-fifth anniversary of the graduation,
honoris causa, of Prof. F. A. H. Schreinemakers in
the University of Leyden on July 7 is being marked
by the issue of a special number of the Recueil des
travaux chimiques des Pays-Bas which will contain
more than sixty articles in English, French, German,
and Italian by various colleagues, pupils, and friends,
in Holland and elsewhere, of Prof. Schreinemalkers.
Copies of this number (price 8s. 6d.) can be obtained
from Miss W. C. de Baat, Leyden (Holland), Jan
van Goyenkade 30. -

AccorpiNG to the Chemiker Zeitung, Prof. A.
Einstein has been elected a member of the order
Pour le Mérite.

LorD CRAWFORD AND BALCARRES has been elected a
trustee of the British Museum, in succession to Lord
Rosebery, who has resigned.

It is stated by the ‘Ottawa correspondent of the
Times that the Canadian Parliament has unanimously
voted an annuity of 1500/. for Dr. Banting, the
discoverer of the insulin treatment of diabetes, to
enable him to carry on his scientific work.

THE French Association for the Advancement of
Science is holding its annual meeting at Bordeaux
on July 30-August 4. Communications regarding
the meeting should be addressed to the secretariat
of the Association at 28 rue Serpente, Paris, 6e.

Pror. F. GowrLaND Horkins has been awarded the
gold medal of the Royal Society of Medicine, which
is given triennially to a scientific worker, man?or
woman, ‘“ who has made valuable contributions to
the science and art of medicine.”

At a meeting of the Royal Society of Edinburgh
held on July 2 the following foreign honorary fellows
were elected : Prof. E. B. Wilson, professor of zoology,
Columbia University, New York ; M. M. Boule, director
of the Institute of Human Palxontology, Paris;
Prof. A. F. Holleman, professor of organic chemistry
at the University of Amsterdam ; Dr. A. A. Noyes,
Institute of California, Pasadena ; Prof. T.W. Richards,
professor of chemistry, Harvard University, Cam-
bridge, Mass. ; Prof. Tullio Levi-Civita, professor of
mathematics (higher analysis) at the University of
Rome ; Prof. Henri Bergson, honorary professor of
the College of France; and M. Alfred Angot, late
director of the Central Bureau of Meteorology, Paris.
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AT the annual general meeting of the Rontgen
Society on June 5, the following officers were elected :--
President : Sir Oliver J. Lodge ; Vice-Presidents : Sir
Ernest Rutherford, Dr. A. E. Barclay, and Dr. F. W.
Aston; Hon. Treasuver: Mr. G. Pearce ; Hon. Editor:
Dr. G. W. C. Kaye ; Hon. Secretavies : Dr. E. A. Owen,
Mr. R. J. Reynolds; Council: Mr. C. Andrews, Dr.
G. B. Batten, Lt.-Col. Kenelm Edgcumbe, Mr. N. S.
Finzi, Mr. W. Hope-Fowler, Dr. F. L. Hopwood,
Dr. J. E. A. Lynham, Mr. G. H. Orton, Prof. A. W.
Porter, Prof. S. Russ, Dr. R. W. A. Salmond, and
Mr. W. E. Schall.

In the report of the council of the British Medical
Association it is stated that the British Medical
Association in Australia has instituted a gold medal
for the purpose of perpetuating the appreciation of
services rendered by members of the British Medical
Association in Australia. The medal has on one side
the figure of /AEsculapius in relief, and on the obverse
a wattle wreath, with the wording ‘‘ The British
Medical Association in Australia,”” ‘“ For Distin-
guished Service,” with loop and ribbon of royal blue.
It is to be presented at the congress of the British
Medical Association in Australasia to be held in
Melbourne in November, and the first recipients will
be Dr. R. H. Todd and Dr. W. T. Hayward.

A SUCCESSFUL ‘‘ commemoration day ’’ was held
at Livingstone College on June 13, Sir Leonard Rogers
being in the chair. Various speakers testified to the
benefit of the training received at the College, which
is designed to give to missionaries the elements of
medical knowledge. The College would be self-
supporting if a sufficient number of students were
sent to the College regularly, but at present this is
not so, and about 500/. is urgently needed.

Tue Marlborough College Natural History: Society
has long been prominent in maintaining an interest
in field-studies, and through them in the essential
beauty of the earth, among those who otherwise
might grow up on the old conventional lines of public-
school education. The report for 1922 (Marlborough :
the Times Offices, 1923) records the proceedings of
a number of sections, including those of astronomy
and archeology; the latter is carrying out actual
excavations on the site of Castrum Merleherge
(pp- 37-45). The botanical section has added two
new species to the local list during the year. Perhaps
the most striking signs of activity are the geological
excursions taken in Scotland, during which the
members were very kindly guided by Mr. G. W.
Tyrrell, lecturer in the University of Glasgow, over
ground dealt with in his own researches. Mr.
A. G. Lowndes (p. 57) gives a lucid account of the
conditions under which the pitchstones of the dykes
in the Isle of Arran were formed, and this is accom-
panied by a plate of thin sections as seen under the
microscope. The other photographic illustrations,
including birds’ nests in their natural surroundings,
add much to a stimulating production. We are sure
that members of this firmly established Society carry
the memories of its field-days to their more ambitious
journeys on safar: in Kenya, or in dug-outs on
Malayan seas.
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THE University of Chicago Press, Chicago, Illinois,
has just issued a third edition of its very useful
illustrated catalogue of astronomical photographs.
The photographs have been reproduced mainly from
negatives taken at the Yerkes Observatory, and have
been issued for the convenience of the general public,
the man of science, the student, and the lecturer.
They comprise lantern slides, transparencies, and
prints, issued at uniform prices; but, at an extra
cost, they may be obtained modified in size or other
qualities, to meet individual needs. Card descriptions
of the lantern slides also are published. The photo-
graphsappear to cover the whole range of observational
astronomy, and include, in addition, a number of
views of astronomical instruments and portraits of
famous astronomers of the past and present. There
are, finally, a few stereograms, chiefly of the moon,
planets, and comets. A large number of the photo-
graphs were taken by the late Prof. Barnard, among
which his well-known and beautiful pictures of the
Milky Way and of dark markings in the sky are
particularly welcome. Of great value to teachers
and lecturers are the photographs of stellar spectra,
with terrestrial comparison spectra, illustrating the
Doppler displacements due to relative motion of
the star and the earth in the line of sight. Reproduc-
tions of two of these photographs are given in the
catalogue; they show the effect with unusual
clearness and beauty. It would have been a great
boon to teachers of astrophysics if the publishers
had found it possible to include a complete series of
typical spectra, in the visible region, of the various
Harvard types. Only the violet and ultra-violet
regions are now accessible. The catalogue should
prove extremely useful to all who are interested in
any way in the observation of the heavens.

THE Manila Weather Bureau sets a praiseworthy
example to many larger institutions in the comparative
promptness—judged by post-War standards—with
which it issues its volume of magnetic observations
for the calendar year 1919. Until 1904 the observa-
tory was at Manila, whence it had to be removed, on
account of electric tramway disturbances, to Antipolo,
twelve miles distant from the city. It started its
new career in 1911, and its annual reports have since
then been modelled on the pattern adopted by the
U.S. Coast and Geodetic Survey. Hourly values
of declination and horizontal and vertical magnetic
force are given, together with the daily mean,
maximum, minimum, and range for each element.
Mean diurnal inequalities are given for each month
and for the five quietest and five most disturbed
days per month. These inequalities are also sum-
marised in separate tables : the inclusion of a table
of daily variation of the total force might perhaps be
dispensed with.

A vuseruL pamphlet published by the United
States Coast and Geodetic Survey (Special Publication
No. 93, price 30 cents) deals with Reconnaissance
and Signal Building. The author, Mr. J. S. Bilby,
writes from experience of actual cases arising in the
routine of field work, and dwells on the practical



JuLy 7, 1923]

NATURE 19

difficulties that are encountered in a preliminary
reconnaissance for precise triangulation. The first
part of the publication discusses the character and
strength of triangulation figures, selection of sites,
and intervisibility of stations. The second part
deals with signal building, and includes practical
directions, with detailed plans and specifications.
The section on hydrographic signals is specially
interesting. Signals of some kind or other, either
ashore or afloat, are frequently necessary in the
location of soundings off a low flat coast. Full
plans and illustrations and a note of the amount
of material required are given.

THE third number of volume i. of the Japanese
Journal of Botany has just been issued by the National
Research Council of Japan. In addition to botanical
papers, it contains reviews of the current Japanese
botanical literature, much of which is published only
in Japanese and has hitherto been unavailable to
workers in other countries. This is therefore a
valuable feature of the Journal, and should be of much

service in making more widely known the work of
Japanese botanists. The present number contains
papers in English and German, chiefly on genetical
subjects, as well as abstracts of the principal botanical
papers which have appeared in Japan during the
period April-September 1922.

M. MARCELLIN BoULE, the eminent French anthropo-
logist, in the Huxley Memorial Lecture for 1922,
published in the Journal of the Royal Anthropological
Institute (vol. lii.,, 1922), describes the services
rendered to the study of man by the late Prince
Albert I. of Monaco. The Prince, impressed by the
importance of the remarkable cave records in southern
France, devoted much attention to the develop-
ment of these discoveries, of which M. M. Boule gives
an interesting account. One important result of his
work was the establishment of the Institute at
Monaco, where the treasures recovered from the caves
find a suitable home, and where the study of them
can be conducted.

Our Astronomical Column.

D’ArRrEsT’S CoMET. — This interesting periodic
comet is due at perihelion in two months, and its
detection in July may be hoped for, as it is well
placed in the evening sky. Mr. F. R. Cripps has
calculated the perturbations by Jupiter and gives the
following elements and ephemeris (for midnight) in
B.A.A. Journal for May :—

T =1923 Sept. 1412 G.M.T.

W=7 A ST 15”] e =0'6169
Q=143 32 18 19250 log a =0°5478
= sl ey log q =o0°1311
R. A, N. Decl. logr log A
July 8. 16k 260™ 12°19° 0193 9'856
2 ST 65D IR 6] :
i HO SO/ 50) 9 42 0181 9847
D OO0 O Il 8 8
P2 RO 8T 6 24 0'170 9841

The comet is nearest to the earth at the end of July
and brightest in mid-August. The moon will cause
difficulty in the latter part of July. The positions
given above lie in the southern part of Hercules, and
are nearly due south at the end of twilight.

There is no further confirmation of the announce-
ment of the discovery of a comet by Abbot at Athens.

TuE COMING OF THE PERSEIDS.—Mr. W. F. Denning
writes : ““ Early meteors from the great August shower
are occasionally visible at the beginning of July.
They should be carefully observed, as it is desirable
to ascertain the opening date of the display. A few
meteors, if observed at two stations, might satis-
factorily settle the question, though, at its first on-
coming, the shower is but slightly manifested. This
year there will be no moonlight to interfere with
the maximum on about August 11 or 12, and with
clear weather the event should be witnessed under
good conditions. There is no reason for expecting
that the ensuing return will be one of very rich
character, but the Perseids form an annual spectacle
of meteoric activity not equalled by any other
system. A maximum of special intensity was
witnessed on the morning of August 12, 1921, when
the hourly number of meteors visible to an observer
was 250. There is evidence to show that the shower
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presents itself most richly at intervals of 1175 years,
but more observations are required. Its duration
continues over the two summer months of July and
August.

“ The Perseid shower will be supplemented by
other radiants, the following being among the more
prominent ones visible at or from about the middle
of July and, in certain cases, for some time after-
wards :(—

I6°+31° | 47°+44°  303° —T0% 334°+|73°
22 21 270 +47 303 +24 335 +58
25 +43 292 +53 312 +62 339 —12
42 +22 281 +44 315 +48 343 +12

There are certainly more than 1oo different systems
in play, but the great majority of them are feeble and
apparently the relics of nearly exhausted streams
which possibly formed rich displays in ancient times.”

PERTURBATIONS OF THE MINOR PrLANETS.—Prof.
A. O. Leuschner has published a useful report on
this subject as a Bulletin of the Research Council
of the National Academy of Sciences, Washington.
It deals with twenty-three interesting planets, includ-
ing the four bright ones, Eros, Andromache, and the
six Trojan planets. Tables are given of all orbits
published, with a statement of the method by which
they were derived.

It is obvious that the vast host of minor planets
can only be observed efficiently if there is a methodical
division of labour. Arrangements for this had been
made before the War, which threw them into con-
fusion, and it is welcome news that Prof. Leuschner’s
Bureau is again making arrangements for this
purpose. At present planets that are better known
are frequently observed to an unnecessary extent,
while others are neglected. Marseilles Observatory
has published numerous orbits and ephemerides of
late years, but it has not been in touch with all the
countries where observations were being made.
One point emphasised in the report is the importance
of giving clear information in all published orbits
of the materials that were used in obtaining them,
and the perturbations that were applied. Several
cases are quoted in which this information is lacking.
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Research Items.

AN EGYPTIAN STATUE OF MENKAURA IN LONDON.
—In Ancient Egypt, 1923, part i, Prof. Flinders
Petrie describes a remarkable figure in white alabaster,
acquired some time ago for University College,
London. It shows a further development of the
great Khofra statue. There the king’s head is
shielded by the falcon’s wings which are spread out
behind the head-dress; here the king is himself the
falcon god, entirely human in front view, entirely
bird-like at the back. The lower part is incomplete,
but the figure was probably seated. The resemblance
to the bourgeois figure of Menkaura is obvious at
first sight; and the development of the protecting
falcon would accord with this representing the
successor of Khofra. It can scarcely be questioned
that it came from one of the two temples of Menkaura.

Excavarions 1N UPPER SIND, IND1a.—A dispatch
from the Bombay correspondent of the Times, pub-
lished in the issue of June 235, summarises a report
of excavations in Upper Sind carried out by Mr.
R. D. Banerji, of the Indian Archaeological Survey,
on the ruins of an ancient city now known as Mohenji-
daro or Mohenjodhari, six miles from Dokri on the
North-Western Railway. The highest mound in
these ruins, which cover more than two hundred
acres, was selected for excavation. It proved to be a
Buddhist shrine on an artificial platform situated on
an island in the old bed of the Indus. This platform
was protected from the effects of high floods by
retaining walls some 40-50 feet high. Two more
mounds excavated produced remains of shrines dating
from the second century A.p. during the reign of
the great Kushan Emperor Vasudeva I., A.D. 158-
177. A stratum below the shrine contained what
were apparently the remains of an older shrine which
had been burnt, possibly by Scythian invaders.
There are two most interesting features in these
investigations. The first is the discovery of a number
of coins representing the earliest copper currency
of North-Western India, and differing from any dis-
covered hitherto in India in being dye-struck and
not punch-marked. These coins also afford the
oldest representation of the Fire-Altar of the ancient
Persian religion on Asiatic coins, and furnish evidence
that this religion and Buddhism flourished side by
side. The second point of particular interest is the
discovery in one group of coins of inscriptions in
unknown characters, as yet undeciphered, which it
is maintained are hieroglyphs or ideograms differing
from Egyptian hieroglyphs. This is claimed to be
the only recorded discovery of a new type of hiero-
glyph in Asia; but Sir J. Marshall, Director-General
of Archzology in India, has since pointed out that
these pictographs are similar in character to those
from Harappa in the Punjab.

D1scovERY OF A MIDDEN AND FIRE-HEARTH AT
CHARK, NEAR GosPorT.—In the June issue of Man,
Lieut.-Colonel J. H. Cooke describes the result of
excavations on Chark Common, about one mile from
the shores of Spithead. They included a midden
and camp fireplaces which were coeval. The
midden is unique of its kind, though it is not as large
as some of the great shell-heaps on the Continent,
but it is the only example of a midden in Britain
in which the contents are unmixed with relics of
later cultures. Its principal features are the character
of the deposits in which it is embedded, the many
species of shells it contains, the well-marked types
of implements found in it and around the adjacent
fire-hearths, and the total absence of any fragments
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of pottery or metal. It is attributed to the Roben-
hausen period of the Stone Age, which immediately
preceded the Bronze Age.

Fossi. CraBs FroM HaIrz.—Some Brachyuran
Crustacea from the Pleistocene and Miocene deposits
of Haiti form the subject of a short paper by Miss
Mary J. Rathbun (Proc. U.S. Nat. Mus., vol. Ixiii.
art. 9). One genus, Mithrax, which is widely dis-
tributed throughout the West Indies, had not before
been found fossil, but is now recorded from the
Pleistocene.

Mesozoic INsEcTs OF QUEENSLAND. — Fossil
remains of insects are not usually found associated
in great abundance at any omne spot, so that the
discovery of a six-inch seam full of such remains,
and that from so low a geological horizon as the
Trias, is a noteworthy occurrence. The layer in
question was disclosed at Denmark Hill, Ipswich,
some few miles west of Brisbane, Queensland, and
the description of its insect contents has been under-
taken by Dr. R. J. Tillyard and Mr. B. Dunstan. The
first part, just issued, is by Mr. Dunstan (Queensland
Geol. Surv. Publication, No. 273), and deals with
introductory matter and the Coleoptera of the
deposit. After describing the section from both the
physical-geographical and the geological aspect, the
author is tempted to speculate on the cause of the
wholesale destruction of insects here manifest. From
a study of the phenomena occurring at the hot
springs at Einasleigh, Northern Queensland, where
the edges of the pools are lined with myriads of
wings and elytra, from which the soft parts have
evidently been removed by the hot bubbling water,
while insect fragments float about and then disappear
down the stream, Mr. Dunstan infers that similar
conditions governed the formation of the Triassic
deposit. The major portion of the paper is devoted
to full and careful descriptions of the fifty-eight
species, belonging to twenty genera, the bulk of
which are of course new, referable to some eight
families. The Hydrophilide are the most numerous.
One could have wished, however, that the seven
plates had been executed in a style more consonant
with the rest of the work.

A NeEw Grass.—In the Kew Builetin, No. 5 of
1923, D. K. Hughes describes and figures an interest-
ing grass, Streptolophus sagittifolius Hughes, which
has been grown at Kew from fruits received from
Mr. J. Gossweiler, director of the Botanic Garden,
Angola. Conspicuous features of the new genus are
the sagittate leaf blades, lifted away from the leaf
sheaths upon slender petioles which are set at a
sharp angle to the main stem, and the flowering
panicles, which owe their characteristic appearance
to the fact that the branchlets are reduced to slightly
flattened Dbristles which are fused at the base into
clusters,

EARTHQUAKES AND PHEASANTS.—Pheasants, it has
long been known, are peculiarly sensitive to the
effects of slight tremors, and in many earthquake
countries they are supposed to give notice of a
coming shock. Prof. Sekiya’s attempt, nearly forty
years ago, to study the behaviour of pheasants before
and during earthquakes was unsuccessful, probably
because the birds were not under natural conditions.
Recently, Prof. Omori (Bull. Imp. Earthq. Inves.
Com. of Japan, vol. 11, 1923, pp. 1-5) has been able
to observe those living: in a neighbouring park,
usually within a distance of a hundred yards, and
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during the quiet hours of the night. In three years
he recorded 22 cases of the disturbance of pheasants.
On seven occasions the birds crowed before the tremor
was felt, on five at the same time, and on five after-
wards. In four cases they crowed while no tremor
was felt, though slight movements were recorded by
the seismographs; and in only one case did an
earthquake occur without the accompaniment of
pheasant-crowing. Thus, in half the cases observed,
the movement was noticed by pheasants more readily
than by a trained observer under good conditions.

NorTH SrEA FISHERIES IN I1920—22.—There was
something unusual in the physical conditions of the
North Sea in 1920-22. A much greater influx of
Atlantic water occurred, and the pelagic fauna
showed marked deviations from its normal character.
The pelagic tunicate, Salpa, appeared in great
numbers, and there were swarms of medusa in regions
where they had not usually been seen in quantity.
The herring fishery of 1921 was very poor, both as
regards the catches made and the quality of the
fish. - The latter were ill-nourished, and this may be
regarded as an indirect effect of the changed physical
conditions. Several papers that have appeared
recently provide data for a treatment of this remark-
able hydrographic occurrence. Rapports et Proces-
Verbaux, vol. xxix., published in May by the Inter-
national Council for Fishery Investigations, gives
the first report of a committee formed to investigate
the Atlantic slope W. and S.W. from the British
Isles, and hydrographic and planktonic results for
the year 1921 are recorded. Publications de Cir-
constance, Nos. 78, 79, and 8o, also published by the
Council (in April), contain papers by A. C. Hardy,
J. N. Carruthers, and J. R. Lumby, dealing with
the plankton, the non-tidal movements of North Sea
water, and the salinity and temperature of the
southern North Sea and English Channel during
1921. The results are interesting and of importance
for a consideration of the causes of the unusual
conditions of the North Sea mentioned above. That
inadequate food-supply does not completely explain
the failure of the herring fishery of 1921 is apparent
from results obtained by Mr. B. Storrow (Report
of the Dove Marine  Laboratory, Cullercoats,
Northumberland, for 1922). There was an actual
shortage of fish having three winter rings on their
scales ; this result was obtained from a great number of
careful measurements made at Cullercoats. There-
fore, whatever happened to make the fishery a failure
happened about 1917 as well as in 1921. The failure
characterised the North Sea fishery but not that of
the Firth of Clyde, and there the 1917 year class of
fish was well represented.

CoNSTITUTION OF DoLoMITE.—Dolomite has always
been regarded by mineralogists as a definite com-
pound, CaCOs,MgCO;, the reason for this conclusion
being apparently the very constant composition of
different specimens of the mineral from various
parts of the world. The suggestion has recently
been made by Spangenberg that the mineral is a
solid solution of calcite and magnesite, the limits of
miscibility being placed between the proportions
CaC0,,2MgCO; and 2CaCO,;,MgCO,. The substances
prepared by him, however, have not the properties
of dolomite. The matter has recently been investi-
gated by Mr. A. E. Mitchell, at the suggestion of
Prof. Donnan, and the results of some preliminary
experiments are given in the May issue of the Journal
of the Chemical Society. The dissociation pressure
curves of calcite, magnesite, and dolomite have been
determined from 700° to 1200°. In the case of
calcite it is shown that the equation of Nernst is
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in good agreement with the results, the more com-
plicated equation of Johnson being not only un-
necessary but inaccurate. The curve for dolomite
lies about half way between those of calcite and
magnesite. Some measurements of the specific heats
were made, in order to apply the Nernst equation,
and an attempt to measure the heat of formation
of dolomite gave the small value of 4°52 kg. cal. per
mol. Itis concluded that the dissociation of dolomite
occurs according to the equation CaCO4;MgCO,
=Ca0,Mg0 42CO,. The experiments have not,
however, been carried far enough to-enable a decision
to be made as to whether dolomite is a compound
or a solid solution.

MorsTURE IN FRESHLY FELLED TiMBER.—In the
Notes of the Royal Botanic Garden, Edinburgh,
for January 1923, Prof. W. G. Craib has a third
paper upon the “ Regional Spread of Moisture in the
Wood of Trees.”” As described in the earlier papers,
specially selected trees are carefully felled .and
sections of timber taken for investigation, moisture
determinations being separately carried out for
blocks at different depths right across the section ;
this process is repeated at different levels and the
results expressed graphically. This interesting line
of research not only provides data of great practical
interest to the forester, but also contributes .to our
knowledge of the ascent of sap in trees. Prof.
Craib has previously shown that in winter there
appears to be considerable storage of sap in the
heart-wood of Acer Pseudoplatanus, the sap moving
outwards later until it is mainly in the outer ring
of young wood as the transpiration current becomes
active in the summer. The present paper demon-
strates a somewhat similar but slower change of sap
distribution in the wood of the holly, while in resinous
conifers no storage of sap in the heart-wood takes
place, probably because the resin hinders radial
migration of the sap. In the non-resinous yew tree
there is again a storage of sap in the heart-wood. A
very interesting plate shows the distribution of sap
in a tree of Populus trichocarpa, felled on a windy
day. In the sapwood on the side towards the wind
there is the usual high percentage of moisture, but
on the side away from the wind it has fallen very
low. Prof. Craib’s further papers will be awaited
with interest, and there will be general congratula-
tions from his colleagues that this paper seems to
show him well on the way to a full renewal of the
scientific activities so severely interfered with by his
accident at the time that the British Association
met in Edinburgh.

EwiNGg’s NEW FERROMAGNETIC MODEL.—In our
issue for March 9, 1922, p. 321, we gave an account of
the new model of an atom of a ferromagnetic material
proposed by Sir Alfred Ewing as an improvement on
that brought forward by him in 1890. A portion only of
the atom was taken as capable of alignment with the
external field, and the controlling force on this part
was considered to be due in the main to the fixed
portion of the atom. In the February issue of the
Science Reports of the University of Sendai, Profs.
Honda and Okubo examine the new theory, and show
that it is not in agreement with the discontinuous
changes of magnetic properties which are found in
steels during heating and cooling between 700° and
730° C., nor with those found in pure iron at g910°
and 1410° C. respectively. They conclude that the
quantitative extensions of the older theory made by
them in 1916 and 1917 reproduce the hysteresis loop
and the effects of temperature on magnetisation much
more accurately than does the new theory.
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The Pasteur Centenary Celebrations.

’I‘HE national celebrations - which took place

throughout France on May 24-June 1 in
honour of Louis Pasteur are unique in history, for
never before has such a splendid tribute been paid to
the memory of a man of science.

The invitations to attend the celebrations were
issued jointly by the rector and council of the Uni-
versity of Paris and the rector and council of the
University of Strasbourg. The celebrations began
on May 24 in Paris with an evening reception tendered
by the President of the Republic at the Palace of the
Elysée, where a large and distinguished company
consisting of diplomatic and scientific representatives
from practically all parts of the world were assembled.

On the morning of May 25 Dr. Roux and his
colleagues at the Institut Pasteur held a reception,
after which the visitors defiled before the tomb of
Pasteur, which was decked with floral tributes.
Among these, there being many, may be mentioned
the wreaths sent by the British Government and the
Royal Society, the latter resting at the foot of the
monument. Afterwards bronze commemorative
medals were distributed among the guests, who had
signed their names in a volume which will afford a
valuable record of the occasion. Driving homeward
along the Boulevard Pasteur, the vehicles conveying
the guests halted for a short time in the Place Pasteur
before the beflagged monument of Pasteur. In the
afternoon the British delegates were summoned by
invitations from the University of Paris and Associa-
tion France-Grande-Bretagne to the ‘ Salle des
Autorités” at the Sorbonne, where a tablet com-
memorating the meeting of Lister and Pasteur was
unveiled and the British Ambassador made an
appropriate speech. Immediately thereafter followed
the ceremonial gathering in the Grand Amphitheatre
of the Sorbonne, about 2700 persons being assembled,
in the presence of M. Alexandre Millerand, President
of the Republic (Chairman), M. Paul Appell, rector of
the Paris Academy and president of the council of
the University of Paris, Government and academic
representatives and others, the picture afforded being
most impressive and recalling that painted by Rixens
in commemoration of Pasteur’s Jubilee in 1892, fine
colour effects being afforded by the many academic
robes and uniforms. The ceremony began with the
singing of the Marseillaise by a large choir of girls to
the accompaniment of the band of the Garde Républi-
caine, the whole audience standing at attention.
M. Paul Appell, M. Léon Bérard (Minister of Educa-
tion and Fine Arts) delivered speeches and were
followed by the Papal Nuncio, who conveyed the
Pope’s blessing on the occasion. As Government
delegates, Prof. W. H. Welch spoke on behalf of the
United States and Sir Charles Sherrington on behalf
of the British Empire; delegates from other countries
followed, most of them reading speeches in a French
that was difficult to follow. Finally M. Strauss,
Minister of Hygiene, delivered an impassioned speech
after the foreign delegates had severally presented
congratulatory addresses on behalf of various uni-
versities and learned bodies, these being handed
over unread with no semblance of order. Addresses
were presented from the Universities of Oxford,
Cambridge, Edinburgh and Liverpool, the Royal
Colleges of Physicians and Surgeons of London and
Edinburgh, and numerous other bodies.

On May 26 were issued postage stamps (values
10, 30, and 50 centimes) bearing the portrait of
Pasteur. A reception was held at the Ecole Normale
by M. Gustave Lanson, the director, and the guests
were shown the “ Cabinet Pasteur ’ with its interest-
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ing mementoes of Pasteur’s sojourn and activities
at that institution. M. Lanson read out a hitherto
unpublished letter of Pasteur’s addressed to the
French Ministry appealing for financial aid in
the prosecution of his researches. This letter re-
vealed the personality of Pasteur in a remarkable
manner, his clearness of thought and marvellous
prescience being strikingly exhibited; the whole
audience was thrilled and felt that M. Lanson’s
opening words, that he was ‘ about to let Pasteur
himself speak to the audience,”” were indeed justified.
It is to be hoped that the letter will soon be published.
The company next walked to No. 10 rue des Feuille-
antines close-by, to witness the unveiling of a tablet
upon the house where Pasteur lived as a student, and,
finally, in the evening, a reception was given at the
Hotel de Ville by the Municipality of Paris. Here,
as at the Elysée, there were representations by artists
of the Comédie Francaise, and Opéra, etc., the
recitation of two of Pasteur’s speeches by M. Léon
Bernard, of the Comédie, invoking much enthusiasm
among the hearers. The speeches were those
delivered by Pasteur (a) at Dole in 1883, when a
tablet was affixed to the house in which he was born,
and (b) at the Sorbonne in 1892, on the occasion of
his jubilee. An eloquent passage from the latter
speech was frequently quoted by orators in the days
that followed, and it may well be cited here from a
printed copy which was thoughtfully distributed to
the guests at the centenary celebration :

‘“ Jeunes gens, jeunes gens, confiez-vous a ces
meéthodes sflires, puissantes, dont nous ne connaissons
encore que les premiers secrets. Et tous, quelle que
soit votre carriére, ne vous laissez pas atteindre par
le scepticisme dénigrant et stérile; ne vous laissez
pas décourager par les tristesses de certaines heures
qui passent sur une nation. Vivez dans la paix
sereine des laboratoires et des bibliothéques. Dites-
vous d’abord : Qu’ai-je fait pour mon instruction ?
Puis, a mesure que vous avancerez: Qu’ai-je fait
pour mon pays ? jusqu’au moment ou vous aurez
peut-étre cet immense bonheur de penser que vous
avez contribué en quelque chose au progrés et au
bien de '’humanité. Mais, que les efforts soient plus
ou moins favorisés par la vie, il faut, quand on
approche du grand but, étre en droit de dire: J’ai
fait ce que j’ai pu.”

On Sunday, May 27, the Lycée Pasteur was in-
augurated in the morning. In the afternoon I’Accueil
Franco-Britannique and Dr. and Mme. Tuffier received
the British delegates in the charming home of the
latter, which, we may mention incidentally, contains
a fine collection of pictures. In the evening there
were gala representations at the Opéra and Théatre
Francais in honour of the foreign delegates. Through-
out France, ladies and schoolgirls collected money
for the scientific laboratories of the country, some ten
differently designed badges, mostly bearing the
effigy of Pasteur, being pinned with the tricolor to
persons who helped by contributions. All the badges
were inscribed on the back with the words: ““ Journée
Pasteur, mai 1923. Au profit des Laboratoires,”
and a quotation from Pasteur reading: ‘ Sans
laboratoires les savants sont des soldats sans armes.’’

On May 28 the guests were conveyed to the
Palace of Versailles, where a banquet was held in the
‘“ Gallerie des Batailles,”” some goo persons participat-
ing under the presidency of M. Reibel, Minister of the
Liberated Regions. The latter, in his speech, cited
with special emphasis Pasteur’s advice to men of
science : “‘ Luttons donc dans le champ pacifique de
la science pour la prééminence de nos patries respec-
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tives. Luttons, car la lutte c’est l'effort, la lutte
c’est la vie, quand la lutte a le progrés pour but,”
adding that it was surely necessary that Pasteur’s
pronouncement should be repeated “ in this Palace
with its many significant associations.” M. Reibel’s
speech was followed by those of diplomatic representa-
tives which could not be heard by many because they
were delivered across the centre of the verylong gallery.

On May 29 some of the guests attended a morning
presentation of the cinematograph film entitled
“ Pasteur ’ designed to popularise his work. In the
afternoon the Institut de France held a garden party
at Chantilly, the castle with its art treasures being
thrown open for inspection.

Many left Paris on May 30 to attend the concluding
ceremonies at Strasbourg, where in the evening a
reception was held in the Palais du Rhin.

On May 31 a monument of Pasteur was inaugurated
in front of the University of Strasbourg in the presence
of the President of the Republic accompanied by
M. Poincaré (Prime Minister), M. Strauss (Minister
of Hygiene), M. Valery-Radot and others, academic
dress being worn by University representatives, a few
of whom presented addresses to the University which
they delivered into the President’s hands. Orations
were delivered by M. Charléty (rector of the Uni-
versity), M. Haller (president of the Academy of
Sciences), Prof. Bordet (Pasteur Institute, Brussels),
and finally M. Millerand spoke with the eloquence of
a practised orator in a voice that carried far, his
speech being remarkably good. There followed a
banquet at noon attended by some thousand persons
at the Palais des Fétes under the presidency of MM.
Millerand and Poincaré, speeches that were more or
less audible being delivered by the Mayor of Stras-
bourg, M. Alapetite (Commissioner General of the
Republic), M. Strauss, and others. Following upon
the banquet the company assembled at the Palais
du Rhin, the ex-Emperor’s former palace, to witness
the procession of Alsatian Societies before the
President ; it was a stirring sight, which deeply
moved all beholders, to see the representatives from
all parts of Alsace and Lorraine, lads and maidens
dressed in the characteristic costumes of - their
districts stepping along briskly hand in hand to the
music of numerous bands that accompanied them,
while a deeper note was struck as veterans of the
War and of the war of 1870 defiled past, all saluting
the President of the Republic. There followed the
opening ceremonies at the Pasteur Museum and the
International Exhibition of Hygiene and an evening
reception at the Hotel de Ville given by the Mayor
of Strasbourg. Speeches were made in connexion
with these - ceremonies, those delivered by Prof.
Borrel (Commissary General of the Exhibition) and
M. Poincaré being the most notable. The scene at
the Hotel de Ville was remarkable when, from the
balcony, M. Millerand addressed the populace
assembled in the square and twenty thousand people
with upturned faces sang the Marseillaise to the
accompaniment of massed bands; it was a sight
which none who witnessed it can forget.

The Comité du Centenaire de Pasteur was respon-
sible for all arrangements and, except in minor
matters, did their work admirably. The programme
was rather overfilled and no lists were available to
aid the participants in discovering the names of those
who attended the celebrations. A reduction of 350
per cent. was allowed on the cost of tickets from
the frontier to Paris; while free first-class return
tickets were issued between Paris and Strasbourg
to those who had been invited. During two days
. of the festivities in Paris motor omnibuses were
- to be found at seven ““ points de concentration *’
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chosen with regard to the hotels at which delegates
resided, thereby affording a very convenient way of
transporting them to the various places where
ceremonies took place, gentlemen from the Pasteur
Institute and others serving as guides to the different
parties. Special trains and motor transportation
were, moreover, provided for the excursions to Ver-
sailles and Chantilly.

Owing to the short time that was at the disposal
of the organisers, the Pasteur Museum and the
Exhibition at Strasbourg were scarcely ready for
inspection, the majority of the exhibits still remaining
in their packing cases, this being indeed unfortunate.
It is therefore inexpedient to attempt a description
of the few objects that could be seen.

Those who attended the celebrations brought away
mementoes of the occasion apart from the medal
which they received at the Institut Pasteur. Of
printed matter may be mentioned the  Souvenir des
Fétes Nationales de la Commémoration du Centenaire
de la Naissance de Pasteur, célébrés a Paris, en
Franche-Comté et a Strasbourg du 24 au 31 mai,
1923 ' (Paris: Imprimerie Nationale, 1923). This
includes a chronology of Pasteur’s chief discoveries
(1847-1885), a facsimile of his birth certificate, three
portraits of Pasteur at different ages, pictures of his
birthplace, homes, and grave, striking citations from
his writings, and a facsimile autograph and signature
reading : ‘‘ La grandeur des actions humaines se
mesure a l'inspiration qui les fait naitre. L. Pasteur,
27 mars 1887.” The tasteful menu at the Versailles
banquet and the programmes at the gala performances
on May 27 bore an excellent profile portrait of Pasteur
in flat relief, stamped on silvered paper, reproduced
after the well-known plaque by O. Roty. The
programmes distributed at Dr. Tuffier’s reception and
at the Hotel de Ville bore the finely reproduced
profile head of Pasteur executed by R. Lalique. At
a private dinner given to some of the delegates, M.
Calmette distributed to his guests some finely wrought
silver medals bearing Pasteur’s head modelled by
G. Prudhomme and bearing the dates 1822-1922.
It should be mentioned, to avoid confusion, that the
national celebration was somewhat belated. In
point of date, the true centenary had been previously
celebrated in December 1922 at the Institut Pasteur,
but these celebrations were, however, more of a
domestic character.

During the festivities in Paris, the President of the
Republic with a small party left for Franche-Comté,
where, on May 26, he visited the house in which
Pasteur was born at Dole, attended a ceremony
before Pasteur’s monument there and participated
at a soirée at Lons-sur-Sonier. On May 27 the
presidential party visited the parental house of
Pasteur at Arbois and attended ceremonies at Salins
and Besang¢on, university functions at Besangon
following on May 28 and 29, i.e. prior to the advent
of the party in Strasbourg. .

It may be mentioned incidentally that the Société
de Biologie of Paris celebrated the seventy-fifth
anniversary of its foundation on May 26-28, it being
arranged that its meetings should clash as little as
possible with those relating to the Pasteur centenary.
Nevertheless, the present writer unfortunately found
it impossible to attend both functions because time
for rest was required between the events that con-
stituted the very full programme.

Those who participated in the celebrations above
described in a somewhat inadequate manner will have
brought away, as did the writer, a delightful recollec-
tion of having revived friendships and established
firmly new ties across the water.

GEORGE H. F. NUTTALL.
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Cambridge Meeting of the International

THE International Union for Pure and Applied
Chemistry met at Cambridge on Sunday,
June 17, under the presidency of Sir W. J. Pope,
and carried out the programme previously outlined
in these columns (June 16, p. 825). The countries
which have now joined the Union are the following—
The Argentine, Australia, Belgium, Canada, Czecho-
slovakia, Denmark, France, Great Britain, Greece,
Holland, Italy, Japan, Luxemburg, Norway, Peru,
Poland, Portugal, Roumania, Spain, Switzerland, the
United States of America, Uruguay, and Yougoslavia ;
over one hundred delegates representing the chemical
interests of these countries were in attendance at
Cambridge. A featureof the meeting was the presenta-
tion of several comprehensive reports on subjects
which at the moment present special chemical interest ;
these were printed and distributed beforehand, and
at the meeting brief summaries were presented by their
authors, after which general discussions took place.
The report on “ The Study of Soap Solutions and
its Bearings upon Colloid Chemistry,” presented by
Prof. J. W. McBain, included a statement of the chief
conclusions arrived at by its author in his extended
studies of the properties of salts of the higher fatty
acids. About one-half of the electrical conductivity
of a soap solution is due to a negative carrier, which
does not exhibit osmotic activity and is therefore
colloidal ; this is the ionic micelle, and consists of
highly charged and solvated ionic particles. Accom-
panying the ionic micelle is the undissociated colloidal
electrolvte, which consists of electrically neutral
micelli. Interesting contributions to the discussion
were made by Prof. H. E. Armstrong and Prof. W. D.
Bancroft. Dr. E. K. Rideal presented a report on
‘“ Recent Developments in Contact Catalysis,” in
which the conception of Hardy and Langmuir, that
adsorption of reactants occurs .in monomolecular
and orientated films, is shown capable of applica-
tion to the reactions at the surface of charcoal, studied
by Van Kruyt, and at the surface of the enzyme,
oxidase, presentin liver tissue, as studied by Hopkins.

Union for Pure and Applied Chemistry.

The report contributed by Prof. J. F. Thorpe and
Dr. C. K. Ingold consisted in a summary of the
recent work of the authors on “ Some New Aspects
of Tautomerism.” It is claimed that the original
definition of the term ‘ tautomerism " should be
broadened, in accordance with modern investigation,
and that the term should apply to all reversible
isomeric change; a reasoned classification of the
various types of tautomeric change which have been
more carefully studied during recent years is then
given. The report by Prof. F. G. Hopkins, on
““ Chemical Mechanisms involved in the Oxidations
which occur in the Living Body,”’ describes the success
which has attended the attempts to elucidate the
nature of the oxidation processes involved in living
tissues by a simple chemical mechanism. In the
resulting discussion, Prof. C. Moureu drew a parallel
between the ‘course of these apparently complex re-
actions and the catalytic oxidation of aldehydes which
he has himself studied. Mr. W. Barlow showed and
described a number of solid models which he has
devised for the interpretation, in accordance with the
valency volume law, of the results of the X-ray
analysis- of crystalline materials by. the Laue and
Bragg method; incidentally he demonstrated an
hitherto unknown mode of partitioning space into
identical polyhedra.

A large proportion of the time of the meeting was
devoted to the work of the numerous committees
which are engaged in the attempt to systematise
practice throughout the world in connexion with
nomenclature, abbreviations, standard methods,
tables of constants, and the like.

It was decided that the Union will hold its meeting
next year in Copenhagen, on the invitation of the
chemical representatives of Denmark. At the con-
cluding ceremony honorary degrees of the University
of Cambridge were conferred on a number of dis-
tinguished visitors whose names were announced in
the preliminary statement on the meeting (NATURE,

. June 16, p. 825).

Tercentenary of the Oxford Botanic Garden.

THROUGHOUT the three hundred years of its

existence, the Oxford Botanic Garden can never
have looked more radiant than it did on Saturday,
June 23, when it welcomed the distinguished com-
pany which met to celebrate the tercentenary of its
foundation. Sheltered by high and stately walls
from the incessant north-east winds which in spring
play havoc in more exposed gardens, it gave the
impression of serene beauty, the more impressive
because of the simplicity of the lines on which it
has been laid out.

Those, however, who know the rigours of the
Oxford climate will ascribe the luxuriance of growth
of the plants in the garden rather to skill in
cultivation than to good fortune with respect of
site. For although the walls which surround the
garden do, indeed, give shelter, the soil is none too
kindly and the Thames water is too near the surface
to make cultivation a light or easy task. It was,
therefore, no less a tribute to their own perspicacity
than to Mr. Baker, the superintendent of the gardens,
that more than one speaker referred in terms of
admiration to the skill in cultivation which the
gardens displayed.

The Chancellor of the University, Lord Curzon,
who presided at the tercentenary celebrations, spoke
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on gardens with the simple sincerity which proves
his title to be ranked among the goodly company of
true gardeners, and nothing in his speech gave more
pleasure to the company which were met together
under the trees of the garden than his remini-
scences of the happy hours which as undergraduate
and fellow he had passed in the Oxford Botanic
Garden. For surely this old garden has for three
centuries irradiated a happy influence on successive
generations whose feet have walked therein and
whose eyes have been refreshed by its scenes of peace-
ful beauty.

Sir David Prain, who followed the Chancellor,
traced in a masterly way the history of the Garden
from the time of its foundation, by the beneficence
of Henry Lord Danvers, on St. James’s Day (July
25), 1622. He reminded his hearers that it“was in
this Garden that the first greenhouses erected in
England were put up, and that it was there that
experiments were first made in methods of heating
them. Bobert the elder and the younger, men of
great wisdom ; Morison, the great professor of botany
and a pioneer of systematic botany; Sherard, the
founder of the chair which bears his name; Sib-
thorpe, who deserves the title of a great botanical
explorer ; and Daubeny, versatile and generous,
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are names which will always live, not only in the
history of the Garden but also in that of botany.
In more recent times, Bayley Balfour and Sydney
Vines have maintained the great traditions of the
Garden so that, in despite of difficult times which
have occurred in thé past and may recur in the
future, the permanence and usefulness of the Garden
are assured. v

The chairman of the curators, Sir Herbert Warren,
whose knowledge of the Garden extends over fifty
years, in the course of a delightful speech in which
he referred to the love which the Garden has
inspired in the minds of Oxford men, omitted to
mention the great and beneficent part which he
himself has played in steering the Garden through
the recent difficult years when costs have been so
high and the financial resources of the University have
been so strained. In helping the Garden to meet
the financial difficulties inherent in these times,
the University has shown wisdom and understanding
that, it may be hoped, will touch the imagination
of a generous benefactor and make the Garden secure
for all time, not only as a place of botanical study,
and as a repository of herbaria of historic and present
importance, but also as a quiet sanctuary wherein
men who love plants may study and admire them.

Prof. Seward, who in the absence of Lord Ullswater
spoke on the subject of gardens as aids to botanical
teaching and research, congratulated the University
on the fact that gardens and laboratories, library
and herbarium, were all assembled in one site. He
referred to the generosity of Mr. Reginald Cory and
other benefactors in aiding the Cambridge Botanical
Garden to maintain itself, and expressed the belief
that the value of the work done at Oxford and the
need for assistance required only to be known to
ensure the supplementing of existing resources by
private benefaction.

After the formal ceremony the visitors, who

numbered some 500, inspected the gardens and
laboratories, admiring particularly the famous tank
houses wherein the blue water-lilies (Nymphea
zanzibarensis, N. gigantea, and N. stellata) thrive
with amazing floriferousness in company with many
other Nymphaas, Nelumbium speciosum, the white
rose-tipped Egyptian Bean of Pythagoras, Cyperus
papyrus, graceful and historical and the source of
the papyrus of antiquity, and a large assemblage of
aquatic and marsh plants, all of which are of interest
and collectively give a memorable impression of
luxuriance which few parts of the tropics can rival.

After tea in the gardens the ceremony terminated,
the departing guests averring that few among them
had realised so clearly as they now did the vital part
which botanic gardens play and have played in the
social life of civilised communities.

University and Educational Intelligence.

EpiNBURGH.—Prof. F. Gowland Hopkins, Cameron
prizeman for 1922, delivered two lectures in the Uni-
versity on June 27 and 28 respectively, on the present
position of the vitamin question. The Cameron
prize, which was founded in 1878, is awarded annually
to an investigator who in the course of the five years
immediately preceding has made an important addi-
tion to practical therapeutics.

SHEFFIELD.—Dr. P. J. Daniell has been appointed
to the Town Trust chair of mathematics.

AN Edward K. Dunham lectureship has been
established at Harvard University in memory of the
late Prof. E. K. Dunham, for many years professor
of pathology in the Bellevue and University Medical
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College of New York City (Science, June 15). Accord-
ing to the terms of the gift, which is made by Prof.
Dunham’s widow, the lectures are to be given annually
by eminent investigators and - teachers in medical
science or one of the contributory basic sciences,
and there is no restriction as to the nationality of
the lecturer. It is hoped that the foundation may
“serve to bind closer the bonds of friendship and
understanding between students and investigators
in this and foreign countries.”’

AN outline of President Harding’s plan for re-
organising the educational activities of the Federal
Government was given by the United States Com-
missioner of Education at the recent annual meeting
of the Department of Superintendence of the National
Education Association. The plan is a part of a
comprehensive scheme, foreshadowed by the President
in his first message to Congress and presented to the
Senate in February, for a reorganisation of all the
executive departments, including the establishment
of a department to promote citizenship and general
welfare. The educational work now carried on by
some thirty separate agencies, belonging to six of the
principal departments and several independent
establishments, is to be included along with certain
other services, the whole costing at present 700 million
dollars a year, in a new Department of Education and
Welfare comprising education, public health, social
service, and veteran relief. The Division of Educa-
tion, which will be under a permanent assistant
secretary, will take over, inter alia, in addition to the
Bureau of Education and the Board for Vocational
Education, the Smithsonian Institution, including
the National Museum and Art Gallery, the Inter-
national Exchange Service, the Bureau of American
Ethnology, the = Astrophysical Observatory, the
National Zoological Park, and the International
Catalogue of Scientific Literature, and will create and
direct an entirely new bureau for promoting physical
education. The scheme is to come before Congress
in December.

‘Tae work of the University of London during the
year 1922—23, measured by the usual statistical
standards, shows a notable expansion. The Principal
Officer, while careful to point out that the great mass
of the university’s continuous achievement is the
expression of imponderable forces, directs attention
to figures 75-200 per cent. higher than the corre-
sponding figures for 1913-14, and points out that
“ we have passed well beyond the wash of what was
commonly regarded as the abnormal demand for
educational facilities that followed the great deliver-
ance of 1918’ ; the figures are as follows: admissions
(8498), candidates for degrees (3191), candidates for
matriculation and registration (19,985), and other
examinations (7663), and internal students (8881).
There has been a noticeable decrease in the percentage
of successful to total candidates from 53 in 1913-14
to 32 in 1922-23. The ‘ growth of ignorance ”’
among the younger generation to which Prof. John
Burnet directed attention recently in the Romanes
lecture is apparently not confined to Scotland.
Indicative of the ever-growing specialisation of the
subjects of the curricula is the increase in the number
of Boards of Studies from 27 with 374 members in
1900 to 42 with 1051 members. That the senate is
alive to the dangers incidental to this specialisation
and resolved to guard against them is shown by its
creation of a Board of Studies in “ the principles,
history, and method of science,”” designed to embrace
not only the natural and mathematical sciences, but
also logic, ethics, history, pedagogy, economics,
linguistics, archeaology, scholarship, and medicine.
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Societies and Academies.
LoNDON.

Royal Society, June 28.—V. H. Blackman, A. T.
Legg, and F. A. Gregory: The effect of a direct
electric current of very low intensity on the rate of
growth of the coleoptile of barley. The coleoptile
(sheathed plumule or young stem) of barley seedlings
is exposed to an electric discharge from a point
charged positively to about 10,000 volts (crest value)
and placed at such a height above the coleoptile
that a current of o-5 x 10~ amp. passes through it,
the current density being 4 x10™® amp. per cm.?
Under these conditions the rate of growth is markedly
accelerated from the first hour onward, showing in
the third hour a percentage increase above that of
the control plants of 7-53+1-95. After the cessation
of the current a well-marked after-effect, greater
than the direct effect, is observed, the enhanced rate
of growth steadily continuing and showing a per-
centage increase of 15:68+2:62 above that of the
controls. The after-effect is greater with a short
period of discharge of 1 hour than with a longer
period of 3 hours. When the point is wnegatively
charged the rate of growth is increased during the
first hour, but the increase becomes less with time.
An after-effect follows, but it is markedly less. The
gaseous products of the discharge and the ‘ electric
wind ”’ play little or no part in the stimulation of
growth observed. The current alone appears to be
of importance.—M. S. Pembrey, N. W. MacKeith,
W. R. Spurrell, E. C. Warner, and H. J. Westlake :
Observations on the adjustment of the human body
to muscular work. In the dyspncea produced by
running there is a disturbance of the acid-base
equilibrium of the body; the relief of ‘‘ second
wind ”’ is the result of adjustments effected chiefly
by the respiration, circulation, and excretion by the
kidneys and skin. The sense of discomfort during
dyspnoea is associated with increased pulmonary
ventilation, the sense of relief at the onset of second
wind with diminished ventilation. Oliguria, or
anuria, appears as a constant feature during running,
even after taking 560 c.c. of tea as a diuretic. It
leads to a temporary retention of acid, which helps
the body to get rid of carbon dioxide and obtain
oxygen ; the water spared is available for excretion
by the lungs and skin, and will produce by evaporation
greater cooling than it would if it were discharged
as urinary water. The suspension of the activity
of the kidneys appears to be due to an outflow of
constrictor impulses to the renal vessels.—Miss R. M.
Tupper-Carey and J. H. Priestley : The composition
of the cell wall at the apical meristem of stem and
root. The walls of the apical meristem of stem and
root differ in the ease with which cellulose may be
detected in them with iodine reagents. Macro- and
micro-chemical experiments show that the cellulose
in the wall of the root meristem is masked by its
combination with other substances, particularly
proteins and fatty acids. In the shoot meristem,
the cellulose is closely linked with larger quantities
of pectin, but less protein and fatty acid are present,
especially when the shoot is growing in the light.
—L. J. Harris : The titration of amino- and carboxyl-
groups in amino-acids, polypeptides, etc—F. A. E.
Crew: Studies in intersexuality. II. Sex-reversal
in the fowl.—W. Finkler : Analytical studies on the
factors causing the sexual display in the mountain
newt (Triton alpestris)—G. A. Schott: On the
scattering of X- and y-rays by rings of electrons.
The effect of damping of the incident radiation.
Damping of the usual type, of an amount compatible
with the production of moderately sharp lines in
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the X-ray spectrum, increases slightly the total
scattering of short waves, such as the hard y-rays,
although it decreases slightly that of long waves.
A single electron ring, such as is postulated in hydrogen
and ionised helium on Bohr’s theory, is completely
unaffected by this type of damping. It seems
scarcely possible that damping can diminish the
total scattering for any type of atom below the
amount required by the simple pulse theory.—P. A.
MacMahon: On a class of transcendents of which
the Bessel functions are a particular case.—L. C.
Martin : The photometric matching field. Improve-
ment in the visibility of faint contrasts observed
with central vision can be obtained by stimulating
the peripheral regions of the retina. An increase in
precision of the order of 30 per cent. is obtained in
photometric matches by surrounding the photometric
field with a larger area of approximately equal
brightness.—G. P. Thomson: Test of a theory of
radiation. Experiments with positive rays show that
visual and photographic effects can be obtained with
trains of waves shorter than those produced in the
emission of a quantum of light.—A. L1. Hughes and
P. Lowe: Intensities in the helium spectrum. The
curve showing the intensity of any spectrum line
as a function of the energy of impact of the electrons
is characteristic of the series to which it belongs.
The intensities in the doublet system all decrease
rapidly as the energy of impact is increased from
34 volts. The principal series, 1S —mP, of the singlet
system is characterised by a very great increase in
intensity as the energy of impact is increased from
34 volts up to about 8o volts, beyond which there
is little change. The lines of the diffuse series,
1P -mD, all show a maximum at about 75 volts.
The lines of the sharp series, 1P —mS, after a small
initial rise to 60 volts, decrease slightly.—A. A. Dee:

-The effect of quenching from above the carbide

transition temperature upon the magnetism of steel.
The magnetism of steel at ordinary temperatures is
not materially altered by quenching from above the
transition temperature of iron carbide, and therefore
the return of the carbide to the ferromagnetic state
is not retarded by sudden cooling from above the
transition temperature.—T. S. P. Strangeways and
H. E. H. Oakley: The immediate changes observed
in tissue cells after exposure to soft X-rays while
growing en vitro. Exposures for gradually increasing
periods, varying from 5 minutes to 2 hours, were
used. There is a latent period of about 15 to 20
minutes before the changes produced in the cells
by irradiation can be recognised. After 5 minutes
irradiation development of new dividing cells is
lessened. After exposure of 20 minutes or longer
the formation of new dividing cells practically
ceases. After exposure of 5 minutes granular changes
and fragmentation of the chromosomes occurs in
some cells in mitosis at metaphase and anaphase.
After exposure of 25 minutes or longer some cells
in mitosis show clumping of the chromosomes at
metaphase. As the time of exposure increases there is
increase in size and alteration in structure of the cyto-
plasm, nucleus, and nucleolus of some fully formed
cells. After an exposure of 60 minutes, affected cells
become disorganised, and eventually cytoplasm and
nucleus break up and appear to go into solution in
the surrounding medium.—W. B. Hardy and Ida
Doubleday : Boundary lubrication : the latent period
and mixtures of two lubricants.—C. T. R. Wilson:
Investigations on X-rays and p-rays by the cloud
method. Pt. I.—X-rays. The tracks of the electron
ejected from the atom which emits the quantum of
radiation and that of the electron ejected from the
atom which absorbs the radiation can be identified.
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Two classes of B-ray tracks are produced in air by
the primary action of X-radiation of wave-length
less than about o-5 (a) those of ejected electrons
with initial kinetic energy comparable to a quantum
of the incident radiation, and (b) tracks of very
short range. The short-range electrons are ejected
nearly along the direction of the primary X-rays.
The short-range tracks are probably related to the
phenomena which have led to the postulation of a
“ J ”-radiation. Of the ordinary long-range tracks,
the majority have a large forward component com-
parable with the lateral component; about 20 per
cent. are ejected almost exactly at right angles
to the primary X-ray beam ; others have a large
backward component. Partial polarisation of the
primary beams is indicated by the direction of
ejection of a number of the g-particles being in one
plane—that containing the direction of the cathode
rays in the X-ray tube. p-rays in air exposed to
X-rays frequently occur in pairs or groups. The
pairs probably consist of one K electron ejected by
the direct action of the primary X-rays, and of a
second electron ejected by the combined action of
primary radiation and of the K-radiation from the
atom irom which the first electron was ejected.
Pt. II.—p-rays. The tracks of fast p-particles are
very nearly straight over distances of several centi-
metres. Near the end of their range the deviations
are of three kinds: (a) sudden deviations often
through large angles up to 180°, the results of a close
approach to the nucleus of an. atom ; (b) sudden
deviations ranging up to 45°, due to a close approach
to an electron which is in consequence ejected to
form a branch track generally approximately at
right angles to the deflected primary track; (c)
gradual deviations due to an accumulation of devia-
tions of (@) or (b) type. The range of the p-ray as
measured along the track is approximately pro-

portional to the square of the kinetic energy or to '

the fourth power of the velocity (Whiddington’s law)
for ranges from about o-1 m. to 2 cm.; the range
is T cm. when the kinetic energy of the particle is
about 21,000 volts. The primary ionisation (i.e.
number of atoms from which electrons are ejected
by the direct action of primary g-rays) is about
90 per cm. for a velocity of 10® cm. per sec., and is
approximately inversely as the square of the velocity.
The total ionisation per cm., including that due
to secondary p-particles of range too short to form
visible branch tracks, is about three or four times
as large as the primary. In portions of some of the
tracks not only is the primary ionisation recorded,
but also the ions which each of these electrons has
itself produced may be counted.—C. V. Raman and
K. R. Ramanathan: The molecular scattering of
light in carbon-dioxide at high pressures.—W. A.
Davis and J. V. Eyre: The discontinuity of the
hydration process.—G. M. B. Dobson: A flicker
type of photoelectric photometer giving high pre-
cision.—H. D. Smyth: The ionisation of nitrogen
by electron impact.—G. M. B. Dobson: Measure-
ments of the sun’s ultra-violet radiation and its
absorption in the earth’s atmosphere.—H. Hartridge
and F. J. W. Roughton: A method of measuring
the velocity of very rapid chemical reactions.—
W, T. Astbury : The crystalline structure of anhydrous
racemic acid.—E. ‘Ponder: The measurement of
percentage hemolysis. I.—H. M. Fox: Lunar
periodicity in reproduction.—Marjory Stephenson and
Margaret D. Whetham : Studies in the fat metabolism
of the Timothy grass bacillus. II. Carbon balance
sheet and respiratory quotient.—H. R. Hewer:
Studies in amphibian colour changes. IL.—R. H.
Burne: Some peculiarities of the blood-vascular
system of the Porbeagle shark (Lamna Cornubica).
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—A. E. Boycott and C. Diver: The inheritance of
sinistrality in Limnea peregra.

EDINBURGH.

Royal Society, May 21.—Prof. F. O. DBower;
president, in the chair—R. Kidston and W. H.
Lang: (1) On Paleopitys Milleri (McNab). The
original specimen of this stem with secondary
thickening was described by Hugh Miller, and later
named by McNab. A second specimen, discovered
by the Geological Survey of Scotland, includes the
primary central region, I-5 mm. in diameter, sur-
rounded by a zone of secondary xylem about 1 cm.
thick. The secondary wood consists of tracheides
and medullary rays. The tracheides are remarkable
in having multiseriate, porose pitting on both radial
and tangential walls. The primary central axis
appears. to have consisted of tracheides without
admixture of parenchyma. There is evidence of
strands of protoxylem, consisting of narrow spiral
tracheides, close to the periphery of the primary
xylem, just within the secondary wood. In the
absence of any traces going to lateral appendages it
is impossible” to determine the affinities of this
complex stem. It might have belonged to some
gymnospermous plant, but it is equally possible that
it was the stem of some archaic pteridophyte of the
Middle Old Red Sandstone Period. (2) Notes on
fossil plants from the Old Red Sandstone of Scot-
land. I. Hicklingia Edwardi, K. and L. Under this
name a unique specimen of a Middle Old Red Sand-
stone plantis described and figured. It was discovered
many years ago by the late Mr. G. Edward, and is
preserved in the University of Manchester Museum.
It occurs as an incrustation, and suggests comparison
with a plant of the nature of the Rhyniacez spread
out on a slab of Caithness flagstone. Diverging from
an obscure basal region is a tuft of linear axes, with-
out leaves, but branched dichotomously and later-
ally. There are indications of the presence of a
slender central strand. Many of the stems terminate
in oval carbonised bodies that are evidently large
sporangia. The plant is compared with Rhynia and
Hornea, which are known as petrifactions from the
Rhynie Chert.—W. T. Gordon: The genus Pitys.
Fossil trees belonging to this genus have been known
since 1831, and it was in describing these specimens
that thin sections of fossil wood were first used. A
recent discovery at Gullane has disclosed twigs and
stems of this type, in some cases still clothed in
bark and in two specimens with leaves attached.
These leaves resemble petioles in their structure, and -
are undoubtedly phyllodes. Pitys dayi affords evi-
dence of the phyllode theory of leaf formation in
gymnosperms. Pitys shows marked resemblance to
Araucaria as regards the structure of the wood (recog-
nised long ago) and the leaf-traces and leaves.

PARI1s.

Academy of Sciences, June 11.—M. Albin Haller in
the chair—Edouard Imbeaux: The artesian basins
of Australia. A map of Australia is reproduced
showing the artesian basins known at the present
time, taken from the report of the interstate con-
ference on artesian water held at Adelaide in 1921.—
M. Jean Perrin was elected a member of the section
of general physics in succession to the late M. E.
Bouty.—Paul Montel: Algebraic relations of class
one or zero.—René Garnier : Uniform functions of
two independent variables defined by the inversion
of an algebraic system to total differentials of the
fourth order.—Charles N. Moore : The summability
of Cesaro for double Fourier’s series.—Louis Bachelier:
The general problem of discontinuous statistics.—
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Stanislas Millot : Simplified solutions of problems of
Laplace on the probability of causes.—B. Hostinsky :
The equilibrium of electricity on a cylindrical surface.
—Th. De Donder: Synthesis of the gravific.—
Adolphe Lepape : The radioactivity of the springs
from some watering-places in the Pyrenees (Bagnéres-
de-Luchon, Vernet, les Escaldes, Thués) and of the
Central Plateau (la Bourboule, Royat, Saint-Nectaire,
Sail-les-Bains). Determinations of the radium eman-
ation in gases and waters from forty-four springs.
Search for the thorium emanation gave mostly
negative results, a few springs only showing a trace.—
Albert Nodon: The relations between the radio-
activity of radium and the activity of solar radiations.
—F. Bourion and E. Rouyer: The determination of
double salts in solution by the boiling-point method.
A discussion of the validity of the rule of mixtures
as applied to the boiling-point elevations of solutions
of two electrolytes.—Jacques Bardet: The arc
spectrum of celtium. The material used contained
as impurities only zirconium and a trace of lead, and
was obtained from zircons from Brazilian monazite
sand. Wave-lengths of the lines in the region between
2300 and 3500 are given.—Paul Pascal: Re-
searches on the constitution of insoluble alkaline
metaphosphates. The insoluble alkaline metaphos-
phates are not monometaphosphates, but furnish a
remarkable example of colloids prepared at a tempera-
ture of about 850° C. The normal formula, MPOj,
should be restricted to the salts obtained stasting
with ethyl hexametaphosphate.—S. Glixelli: The
influence of neutral salts on the silica gels. The acid
properties of colloidal silica are increased by the
addition of salts of the alkalis : the effects observed
can be explained by assuming that the (OH) ions are
adsorbed by the particles of silica.—A. Mailhe : The
catalytic decomposition of the anilides. An account
of the decomposition of acetanilide at 400° C. in the
presence of nickel and of copper.—R. Fosse and A.
Hieulle: Xanthyl derivatives of allophanic acid,
thiosinamine and of allantoine.—Conrad Kilian : The
folds of the ‘‘ Tassilian enclosure ”’ of the central
Saharan massif of Ahaggar.—A. Boit: The r6le of
the superficial folds in the structure of the formation
at Morvan.—Ch. Maurain and Mme. de Madinhac:
The secular variation of the intensity of the terrestrial
magnetic field at Paris. Bauer has suggested the use

of a local magnetic constant G ='\/H2+(Z/2)2,
where H and Z are the horizontal and vertical com-
ponents of the magnetic field at any point. From
an examination of the records for Coimbra, Pola,
Paris, Kew, Greenwich, and De Bilt, it is shown that
G reached a maximum in 1902. The value of G
increases with the latitude of the stations.—]. Giral
and F. A. Gila: The use of sodium chloride as a
standard in the estimation of the halogens in sea
water. The salts present in sea water have no
appreciable influence on the quantitative determina-
tion of chlorine.—]J. J. Thomasset : Relations between
the dentine and dental enamel in a fossil fish (Sargo-
don).—P. Bugnon: The homologies of cotyledonous
leaves.—L. Blaringhem : Heredity in mosaic of the
doubling of the flowers in Cardamine pratensis.—
A. Guillaumin: The vacuum as a means of prolonging
the germinating faculty of seeds. Seeds of radish,
wheat, and lettuce, after preservation in a vacuum in
the dark for 12 years, showed unimpaired powers of
germination. —A. de Puymaly: The adaptation to
aerial life of a green alga ( Chlamydomonas fungicola).—
Marc. Bridel : Biochemical study of the composition
of Monotropa Hypopitys: a new glucoside, monotro-
peine. The new glucoside was isolated in a pure
crystalline condition, 2 gm.  being obtained from
5200 gm. of material. It is hydrolysed by emulsion
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giving a blue precipitate. Monotropeine is not
identical with aucubine.—Charles Henry : A new test
for sense of touch.—Jules Courtier: Experiments on
a new test for the sense of touch. Results of the
application of the method described in the preceding
communication to nineteen subjects.—P. Masson and
Louis Berger: A new mode of internal secretion.—
Louis Desliens : The measurement of arterial pressure
by the bleeding method. A very exact heaemo-
dynamometric method and present application. The
artery is punctured by a hollow needle communicating
with a delicate pressure-gauge of the aneroid type.
The instrument before use is filled with a saline
solution to prevent coagulation.—]. Lopez-Lomba :
Changes of weight of the organs of the guinea-pig
during C-avitaminosis.—F. Franchette : The pneumo-
anzsthesiograph. An account of an instrument
designed to evaluate and record the amplitude and
frequency of the respiratory movements during
anaesthesia.—FEmile F. Terroine and H. Barthélemy :
The composition of the eggs in the course of ovogenesis
in the brown frog (Rana fusca).—DM. Cailleand E. Viel :
The detection of small quantities of antimony and
bismuth in biological liquids. An application of the
antipyrine-potassium iodide reagent described in an
earlier communication.—M. Lemoigne: The pro-
duction of B-oxybutyric acid by certain bacteria of
the B. subtilis group.—Charles Pérez: The casting
of the shell of decapod crustaceans carrying parasites
(Epicaridee). — Boris Ephrussi: The sexuality of
Clava squamaia.—C. Levaditi and T. Nicolau: Tissue
immunity in neurotrope ectodermosis. — Emile
Gautrelet : Monomethylorthophospho-salicylic acid.

Official Publications Received.

Koninklijk Magnetisch en Meteorologisch Observatorium te Batavia,
Jaarverslag 1922. Pp. 26. (Weltevreden, Java : Landsdrukkerij.)

Survey of India. General Report 1921-22, from 1stiOctober 1921 to
30th September 1922. Prepared under the Direction of Col. C. H. D. Ryder.
Pp. vi+49+8 maps. (Calcutta: Survey of India.) 2°4 rupees; 4s.

Southern Rhodesia. Report of the Director, Geological Survey, for the
Year 1922. Pp. 10. (Salisbury, Rhodesia.)

Nauka Polska: jej Potrzeby, Organizacja i Rozw6j. (La Science
Polonaise : ses Besoins, son Organisation et ses Progrés.) Tom 4.
Pp. ix+590. (Warszawa : Im. Mianowskiego.)

Koninklijk Nederlandsch Meteorologisch Instituut. No. 106 : Ergebnisse
Aerologischer Beobachtungen, - 10, 1921. Pp. xiii4-83. No. 108:
Seismische Registrierungen in De Bilt, 7, 1919. Pp. xi+68. No. 110:
Oceanographische en Meteorologische Waarnemingen in den Atlantischen
Oceaan, Maart, April, Mei (1856-1920.) Tabellen. Pp. iii+186. 15 FL
Planches. Pp. 24. T7.50 F1. (Utrecht: Kemink en Zoon.)

Diary of Societies.

TUESDAY, Jury 10.

SocronoGIcAL SociETY (at Leplay House, 65 Belgrave Road), at 5.45.—
C. Dawson : Progress and Decay in Ancient and Modern Civilisations
(Lecture).

THURSDAY, JuLy 12.
RovAL Socrery oF MEepiciNE (Dermatology Section), at 5.
TUESDAY, JuLy 17.
RovAL Sociery oF MEDICINE, at 5.—General Meeting.
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The Structure of the Atom.!
By Prof. N. Bonr.

TaeE GENERAL PICTURE OF THE ATOM.

HE present state of atomic theory is characterised
by the fact that we not only believe the existence
of atoms to be proved beyond a doubt, but also we
even believe that we have an intimate knowledge of the
constituents of the individual atoms. I cannot on
this occasion give a survey of the scientific develop-
ments that have led to this result; I will only recall
the discovery of the electron towards che close of the
last century, which furnished the direct verification
and led to a conclusive formulation of the conception
of the atomic nature of electricity which had evolved
since the discovery by Faraday of the fundamental
laws of electrolysis and Berzelius’s electrochemical
theory, and had its greatest triumph in the electrolytic
dissociation theory of Arrhenius. This discovery of
the electron and elucidation of its properties was the
result of the work of a large number of investigators,
among whom Lenard and J. J. Thomson may be
particularly mentioned. The latter especially has
made very important contributions to our subject by
his ingenious attempts to develop ideas about atomic
constitution on the basis of the electron theory. The
present state of our knowledge of the elements of
atomic structure was reached, however, by the dis-
covery of the atomic nucleus, which we owe to Ruther-
ford, whose work on the radioactive substances
discovered towards the close of the last century has
much enriched physical and chemical science.
According to our present conceptions, an atom of
an element is built up of a nucleus that has a positive
electrical charge and is the seat of by far the greatest
part of the atomic mass, together with a number of
electrons, all having the same negative charge and
mass, which move at distances from the nucleus that
are very great compared to the dimensions of the
nucleus or of the electrons themselves. In this picture
we at once see a striking resemblance to a planetary
system, such as we have in our own solar system.
Just as the simplicity of the laws that govern the
motions of the solar system is intimately connected
with the circumstance that the dimensions of the

* Lecture delivered at Stockholm, December 11, 1922, on the occasion

of the receipt of the Nobel prize in physics for the year 1922. English
translation by Dr. Frank C. Hoyt.

moving bodies are small in relation to the orbits, so
the corresponding relations in atomic structure provide
us with an explanation of an essential feature of
natural phenomena in so far as these depend on the
properties of the elements. It makes clear at once
that these properties can be divided into two sharply
distinguished classes.

To the first class belong most of the ordinary
physical and chemical properties of substances, such as
their state of aggregation, colour, and chemical re-
activity. These properties depend on the motion of
the electron system and the way in which this motion
changes under the influence of different external
actions. On account of the large mass of the nucleus
relative to that of the electrons and its smallness in
comparison to the electron orbits, the electronic
motion will depend only to a very small extent on the
nuclear mass, and will be determined to a close
approximation solely by the total electrical charge
of the nucleus. Especially the inner structure of the
nucleus and the way in which the charges and masses
are distributed among its separate particles will have
a vanishingly small influence on the motion of the
electron system surrounding the nucleus. On the
other hand, the structure of the nucleus will be
responsible for the second class of properties that
are shown in the radioactivity of substances. In the
radioactive processes we meet with an explosion of
the nucleus, whereby positive or negative particles,
the so-called a- and [-particles, are expelled with very
great velocities.

Our conceptions of atomic structure afford us,
therefore, an immediate explanation of the complete
lack of interdependence between the two classes of
properties, which is most strikingly shown in the
existence of substances which have to an extraordinarily
close approximation the same ordinary physical and
chemical properties, even though the atomic weights
are not the same, and the radioactive properties are
completely different. Such substances, of the existence
of which the first evidence was found in the work of
Soddy and other investigators on the chemical properties
of the radioactive elements, are called isotopes, with
reference to the classification of the elements according
to ordinary physical and chemical properties. It is

)



30 Supplement to “ Nature” July 7, 1923

not necessary for me to state here how it has been
shown in recent years that isotopes are found not
only among the radioactive elements, but also among
ordinary stable elements; in fact, a large number
of the latter that were previously supposed simple
have been shown by Aston’s well-known investigations
to consist of a mixture of isotopes with different
atomic weights.

The question of the inner structure of the nucleus
is still but little understood, although a method of
attack is afforded by Rutherford’s experiments on the

lines. The meaning of the square brackets around
certain series of elements in the later periods, the
properties of which exhibit typical deviations from
the simple periodicity in the first periods, will be dis-
cussed later.

In the development of the theory of atomic struc-
ture the characteristic features of the natural system
have found a surprisingly simple interpretation. Thus
we are led to assume that the ordinal number of
an element in the periodic table, the so-called atomic
number, is just equal to the number of electrons

disintegration of atomic nuclei by bombard-

which move about the nucleus in the
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and chemical properties in a natural system

which displays most suggestively the peculiar re-
lationships between the different elements. It was
recognised for the first time by Mendeléeff and
Lothar Meyer that when the elements are arranged
in an order which is practically that of their atomic
weights, their chemical and physical properties show
a pronounced periodicity. A diagrammatic representa-
tion of this so-called periodic table is given in Fig. 1,
where, however, the elements are not arranged in the
ordinary way but in a somewhat modified form of a
table first given by Julius Thomsen, who has also
made important contributions to science in this
domain. In the figure the elements are denoted by
their usual chemical symbols, and the different vertical
columns indicate the so-called periods.
in successive columns which possess homologous
chemical and physical properties are connected with

The elements

As soon as we ‘try to trace a
more intimate connexion between the properties
of the elements and atomic structure, we encounter
profound difficulties, in that essential differences
between an atom and a planetary system show
themselves here in spite of the analogy we have
mentioned.

The motions of the bodies in a planetary system,
even though they obey the general law of gravitation,
will not be completely determined by this law alone,
but will depend largely on the previous history of
the system. Thus the length of the year is not
determined by the masses of the sun and the earth
alone, but depends also on the conditions that existed
during the formation of the solar system, of which
we have very little knowledge. Should a sufficiently
large foreign body some day traverse our solar system,
we might among other effects expect that from that
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day the length of the year would be different from
its present value.

It is quite otherwise in the case of atoms. The
definite and unchangeable properties of the elements
demand that the state of an atom cannot undergo
permanent changes due to external actions.. As soon
as the atom is left to itself again, its constituent
particles must arrange their motions in a manner
which is completely determined by the electric
charges and masses of the particles. We have the
most convincing evidence of this in spectra, that is,
in the properties of the radiation emitted from sub-
stances in certain circumstances, which can be
studied with such great precision. It is well known
that the wave-lengths of the spectral lines of a sub-
stance, which can in many cases be measured with an
accuracy of more than one part in a million, are, in
the same external circumstances, always exactly the
same within the limit of error of the measurements,
and quite independent of the previous treatment
of this substance. It is just to this circumstance
that we owe the great importance of spectral
analysis, which has been such an invaluable aid to
the chemist in the search for new elements, and has
also shown us that even on the most distant bodies
of the universe there occur elements with exactly the
same properties as on the earth.

On the basis of our picture of the constitution of

the atom it is thus impossible, so long as we restrict
ourselves to the ordinary mechanical laws, to account
for the characteristic atomic stability which is required
for an explanation of the properties of the elements.

The situation is by no means improved if we
also take into consideration the well-known electro-
dynamic laws which Maxwell succeeded in formulating
on the basis of ‘the great discoveries of Oersted and
Faraday in the first half of the last century. Maxwell’s
theory has not only shown itself able to account for
the already known electric and magnetic phenomena
in all their details, but has also celebrated its greatest
triumph in the prediction of the electromagnetic waves
which were discovered by Hertz, and are now so
extensively used in wireless telegraphy.

For a time it seemed as though this theory would
also be able to furnish a basis for an explanation of
the details of the properties of the elements, after
it had been developed, chiefly by Lorentz and Larmor,
into a form consistent with the atomistic conception
of electricity. I need only remind you of the great
interest that was aroused when Lorentz, shortly after
the discovery by Zeeman of the characteristic changes
that spectral lines undergo when the emitting substance
is brought into a magnetic field, could give a natural
and simple explanation of the main features of the

phenomenon. Lorentz assumed that the radiation
which we observe in a spectral line is sent out from
an electron executing simple harmonic vibrations
about a position of equilibrium in precisely the same
manneras the electromagnetic waves in radio-telegraphy
are sent out by the electric oscillations in the antennse.
He also pointed out how the alteration observed by
Zeeman in the spectral lines corresponded exactly
to the alteration in the motion of the vibrating electron
which one would expect to be produced by the magnetic
field.

It was, however, impossible on this basis to give
a closer explanation of the spectra of the elements,
or even of the general type of the laws holding with
great exactness for the wave-lengths of lines in these
spectra, which had been established by Balmer,
Rydberg, and Ritz. After we obtained details as
to the constitution of the atom, this difficulty became
still more manifest; in fact, so long as we confine
ourselves to the classical electrodynamic theory we
cannot even understand why we obtain spectra con-
sisting of sharp lines at all. This theory can even
be said to be incompatible with the assumption of
the existence of atoms possessing the structure we
have described, in that the motions of the electrons
would claim a continuous radiation of energy from the
atom, which would cease only when the electrons
had fallen into the nucleus.

THE ORIGIN OF THE QUANTUM THEORY.

It has, however, been possible to avoid the various
difficulties of the electrodynamic theory by introducing
concepts borrowed from the so-called quantum theory,
which marks a complete departure from the ideas
that have hitherto been used for the explanation of
natural phenomena. This theory was originated by
Planck, in the year 19oo, in his investigations on the
law of heat radiation,which,because of its independence
of the individual properties of substances, lent itself
peculiarly well to a test of the applicability of the
laws of classical physics to atomic processes.

Planck considered the equilibrium of radiation
between a number of systems with the same properties
as those on which Lorentz had based his theory of
the Zeeman effect, but he could now show not only
that classical physics could not account for the
phenomena of heat radiation, but also that a complete
agreement with the experimental law could be obtained
if—in pronounced contradiction to classical theory—
it were assumed that the energy of the vibrating
electrons could not change continuously, but only
in such a way that the energy of the system always
remained equal to a whole number of so-called energy-
quanta. The magnitude of this quantum was found
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to be proportional to the frequency of oscillation of
the particle, which, in accordance with classical
concepts, was supposed to be also the frequency of
the emitted radiation. The proportionality factor
had to be regarded as a new universal constant,
since termed Planck’s constant, similar to the
velocity of light and the charge and mass of the
electron.

Planck’s surprising result stood at first completely
isolated in natural science, but with Einstein’s significant
contributions to this subject a few years after, a great
variety of applications was found. In the first place,
Einstein pointed out that the condition limiting the
amount of vibrational energy of the particles could be
tested by investigation of the specific heat of crystalline
bodies, since in the case of these we have to do with
similar vibrations, not of a single electron, but of whole
atoms about positions of equilibrium in the crystal
lattice. Einstein was able to show that the experi-
ment confirmed  Planck’s theory, and through the
work of later investigators this agreement has proved
quite complete. Furthermore, Einstein emphasised
another consequence of Planck’s results, namely, that
radiant energy could only be emitted or absorbed
by the oscillating particle in so-called * quanta of
radiation,” the magnitude of each of which was equal
to Planck’s constant multiplied by the frequency.

In his attempts to give an interpretation of this
result, Einstein was led to the formulation of the
so-called ““ hypothesis of light-quanta,” according to
which the radiant energy, in contradiction to Maxwell’s
electromagnetic theory of light, would not be pro-
pagated as electromagnetic waves, but rather as
concrete light atoms, each with an energy equal to
that of a quantum of radiation. This concept led
Einstein to his well-known theory of the photo-electric
effect. This phenomenon, which had been entirely
unexplainable on the classical theory, was thereby
placed in a quite different light, and the predictions
of Einstein’s theory have received such exact experi-
mental confirmation in recent years, that perhaps
the most exact determination of Planck’s constant
is afforded by measurements on the photo-electric
effect. In spite of its heuristic value, however, the
hypothesis of light-quanta, which is quite irreconcilable
with so-called interference phenomena, is not able
to throw light on the nature of radiation. I need
only recall that these interference phenomena con-
stitute our only means of investigating the properties
of radiation and therefore of assigning any closer
meaning to the frequency which in Einstein’s theory
fixes the magnitude of the light-quantum.

In the following years many efforts were made to
apply the concepts of the quantum theory to the

question of atomic structure, and the principal emphasis
was sometimes placed on one and sometimes on the
other of the consequences deduced by Einstein from
Planck’s result. As the best known of the attempts
in this direction, from which, however, no definite
results were obtained, I may mention the work of
Stark, Sommerfeld, Hasenchrl, Haas, and Nicholson.
From this period also dates an investigation by
Bjerrum on infra-red absorption bands, which, although
it had no direct bearing on atomic structure, proved
significant for the development of the quantum theory.
He directed attention to the fact that the rota-
tion of the molecules in a gas might be investigated
by means of the changes in certain absorption lines
with temperature. At the same time he emphasised
the fact that the effect should not consist of a con-
tinuous widening of the lines such as might be expected
from classical theory, which imposed no restrictions
on the molecular rotations, but in accordance with
the quantum theory he predicted that the lines should
be split up into a number of components, corresponding
to a sequence of distinct possibilities of rotation.
This prediction was confirmed a few years later by
Eva von Bahr, and the phenomenon may still be
regarded as one of the most striking evidences of the
reality of the quantum theory, even though from our
present point of view the original explanation has
undergone a modification in essential details.

Tae QuantuM THEORY OF AToMIC CONSTITUTION.

The question of further development of the quantum
theory was in the meantime placed in a new light
by Rutherford’s discovery of the atomic nucleus (1911).
As we have already seen, this discovery made it quite
clear that by classical conceptions alone it was quite
impossible to understand the most essential properties
of atoms. One was therefore led to seek for a formula-
tion of the principles of the quantum theory that
could immediately account for the stability in atomic
structure and the properties of the radiation sent
out from atoms, of which the observed properties of
substances bear witness. Such a formulation was
proposed (1913) by the present lecturer in the form
of two postulates, which may be stated as follows :

1. Among the conceivably possible states of
motion in an atomic system there exist a number
of so-called stationary states which, in spite of
the fact that the motion of the particles in these
states obeys the laws of classical mechanics to
a considerable extent, possess a peculiar, mechanic-
ally unexplainable stability, of such a sort that
every permanent change in the motion of the
system must consist in a complete transition from
one stationary state to another.
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2. While in contradiction to the classical
electromagnetic theory no radiation takes place
from the atom in the stationary states themselves,
a process of transition between two stationary
states can beé accompanied by the emission of
electromagnetic radiation, which will have the
same properties as that which would be sent
out according to the classical theory from an
electrified particle executing an harmonic vibra-
tion with constant frequency. This frequency v
has, however, no simple relation to the motion
of the particles of the atom, but is given by the
relation

hv=E'-E’,

where % is Planck’s constant, and E’ and E” are
the values of the energy -of the atom in the two
stationary states that form the initial and final
state of the radiation process. Conversely, irradia-
tion of the atom with electromagnetic waves of
this frequency can lead to an absorption process,
whereby the atom is transformed back from the
latter stationary state to the former.

While the first postulate has in view the general
stability of the atom, the second postulate has chiefly
in view the existence of spectra with sharp lines.
Furthermore, the quantum theory condition entering
in the last postulate affords a starting point for the
interpretation of the laws of series spectra. The
most general of these laws, the combination principle
enunciated by Ritz, states that the frequency v for
each of the lines in the spectrum of an element can
be represented by the formula

v=T"-T,
where T” and T’ are two so-called ¢ spectral terms ”’
belonging to a manifold of such terms characteristic
of the substance in question.

According to our postulates, this law finds an
immediate interpretation in the assumption that the
spectrum is emitted by transitions between a number
of stationary states in which the numerical value of
the energy of the atom is equal to the value of the
spectral term multiplied by Planck’s constant. This
explanation of the combination principle is seen
to differ fundamentally from the usual ideas of
electrodynamics, as soon as we consider that there
is no simple relation between the motion of the atom
and the radiation sent out. The departure of our
considerations from the ordinary ideas of natural
philosophy becomes particularly evident, however,
when we observe that the occurrence of two spectral
lines, corresponding to combinations of the same
spectral term with two other different terms, implies
that the nature of the radiation sent out from the
atom is not determined only by the motion of the

atom at the beginning of the radiation process, but
also depends on the state to which the atom is trans-
ferred by the process.

At first glance one might, therefore, think that it
would scarcely be possible to bring our formal explana-
tion of the combination principle into direct relation
with our views regarding the constitution of the atom,
which, indeed, are based on experimental evidence
interpreted on classical mechanics and electrodynamics.
A closer investigation, however, should make it clear
that a definite relation may be obtained between the
spectra of the elements and the structure of their
atoms on the basis of the postulates.

Tae HYDROGEN SPECTRUM.

The simplest spectrum we know is that of hydrogen.
The frequencies of its lines may be represented with
great accuracy by means of Balmer’s formula :

I I
v=K <W‘2‘ T ,72>:

where K is a constant and #’ and %" are two integers.
In the spectrum we accordingly meet a single series
of spectral terms of the form K/n2, which decrease
regularly with increasing term number #z. In accord-
ance with the postulates, we shall therefore assume
that each of the hydrogen lines is emitted by a transi-
tion between two states belonging to a series of
stationary states of the hydrogen atom in which the
numerical value of the atom’s energy is equal to 2K /n2

Following our picture of atomic structure, a hydrogen
atom consists of a positive nucleus and an electron
which—so far as ordinary mechanical conceptions are
applicable—will with great approximation describe a
periodic elliptical orbit with the nucleus at one focus.
The major axis of the orbit is inversely proportional
to the work necessary completely to remove the
electron from the nucleus, and, in accordance with
the above, this work in the stationary states is just
equal to 2K/n% We thus arrive at a manifold of
stationary states for which the major axis of the
electron orbit takes on a series of discrete values
proportional to the squares of the whole numbers.
The accompanying TFig. 2 shows these relations
diagrammatically. For the sake of simplicity the
electron orbits in the stationary states are represented
by circles, although in reality the theory places no
restriction on the eccentricity of the orbit, but only
determines the length of the major axis. The arrows
represent the transition processes that correspond to
the red and green hydrogen lines, Ho and Hp, the
frequency of which is given by means of the Balmer
formula when we put #”=2 and #»'=3 and 4 respect-
ively. The transition processes are also represented
which correspond to the first three lines of the series
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of ultra-violet lines found by Lyman in 1914, of which
~ the frequencies are given by the formula when # is put
equal to 1, as well as to the first line of the infra-red
series discovered some years previously by Paschen,
which are given by the formula if #” is put equal to 3.
This explanation of the origin of the hydrogen
spectrum leads us quite naturally to interpret this
spectrum as the manifestation of a process whereby
the electron is bound to the nucleus. While the
largest spectral term with term number 1 corresponds
to the final stage in the binding process, the small
spectral terms that have larger values of the term
number correspond to stationary states which represent
the initial states of the binding process, where the

F16. 2.

electron orbits still have large dimensions, and where
the work required to remove an electron from the
nucleus is still small. The final stage in the binding
process we may designate as the normal state of the
atom, and it is distinguished from the other stationary
states by the property that, in accordance with the
postulates, the state of the atom can only be changed
by the addition of energy whereby the electron is
transferred to an orbit of larger dimensions correspond-
ing to an earlier stage of the binding process.

The size of the electron orbit in the normal state
calculated on the basis of the above interpretation
of the spectrum agrees roughly with the value for the
dimensions of the atoms of the elements that have
been calculated by the kinetic theory of matter from the
properties of gases. Since, however, as an immediate
consequence of the stability of the stationary states
that 1s claimed by the postulates, we must suppose
that the interaction between two atoms during a
collision cannot be completely described with the aid
of the laws of classical mechanics, such a comparison
as this cannot be carried further on the basis of such
considerations as those just outlined.

A more intimate connexion between the spectra
and the atomic model has been revealed, however,

by an investigation of the motion in those stationary
states where the term number is large, and where
the dimensions of the electron orbit and the frequency
of revolution in it vary relatively little when we go
from one stationary state to the next following. It
was possible to show that the frequency of the radiation
sent out during the transition between two stationary
states, the difference of the term numbers of which
is small in comparison to these numbers themselves,
tended to coincide in  frequency with one of the
harmonic components into which the electron motion
could be resolved, and accordingly also with the
frequency of one of the wave trains in the radiation
which would be emitted according to the laws of
ordinary electrodynamics.

The condition that such a coincidence should occur
in this region where the stationary states differ but
little from one another proves to be that the constant
in the Balmer formula can be ekpressed by means of

the relation 9.4
: K- 2metm

I
where e and m are respectively the charge and mass
of the electron, while % is Planck’s constant. This
relation has been shown to hold to within the con-
siderable accuracy with which, especially through the
beautiful investigations of Millikan, the quantities
e, m, and & are known.

This result shows that there exists a connexion
between the hydrogen spectrum and the model for
the hydrogen atom which, on the whole, is as close
as we might hope considering the departure of the
postulates from the classical mechanical and electro-
dynamic laws. At the same time, it affords some
indication of how we may perceive in the quantum
theory, in spite of the fundamental character of this
departure, a natural generalisation of the fundamental
concepts of the classical electrodynamic theory. To
this most important question we shall return later,
but first we will discuss how the interpretation of
the hydrogen spectrum on the basis of the postulates
has proved suitable in several ways, for elucidating the
relation between the properties of the different elements.

RELATIONSHIPS BETWEEN THE ELEMENTS.

The discussion above can be applied immediately
to the process whereby an electron is bound to a
nucleus with any given charge. The -calculations
show that, in the stationary state corresponding to
a given value of the number 7, the size of the orbit
will be inversely proportional to the nuclear charge,
while the work necessary to remove an electron will
be directly proportional to the square of the nuclear
charge. The spectrum that is emitted during the
binding of an electron by a nucleus with charge N
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times that of the hydrogen nucleus can therefore be
represented by the formula :

I

n’2>'

If in this formula we put N=2, we get a spectrum
which contains a set of lines in the visible region
which was observed many years ago in the spectrum
of certain stars. Rydberg assigned these lines to
hydrogen because of the close analogy with the series
of lines represented by the Balmer formula. It was
never possible to produce these lines in pure hydrogen,
but just before the theory for the hydrogen spectrum
was put forward, Fowler succeeded in observing the
series in question by sending a strong discharge
through a mixture of hydrogen and helium. This
investigator also assumed that the

y=N K( o

to element in a manner that corresponded closely to
the formula given above for the spectrum emitted
during the binding of an electron to a nucleus, pro-
vided N was put equal to the atomic number of the
element concerned. This formula was even capable
of expressing, with an approximation that could not
be without significance, the frequencies of the strongest
X-ray lines, if small whole numbers were substituted
for " and #".

This discovery was of great importance in several
respects. In the first place, the relationship between the
X-ray spectra of different elements proved so simple that
it became possible to fix without ambiguity the atomic
number for all known substances, and in this way to
predict with certainty the atomic number of all such
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there was brought to light a new
feature of the relationship between
the elements, which corresponds
exactly with our present ideas of
atomic structure, according to which the physical and
chemical properties of an element depend in the first
instance only on the electric charge of the atomic
nucleus.

Soon after this question was settled the existence
of a similar general relationship between the properties
of the elements was brought to light by Moseley’s
well-known investigations on the characteristic X-ray
spectra of the elements, which was made possible
by Laue’s discovery of the interference of X-rays in
crystals and the investigations of W. H. and W. L.
Bragg on this subject. It appeared, in fact, that
the X-ray spectra of the different elements possessed
a much simpler structure and a much greater mutual
resemblance than their optical spectra. In particular,
it appeared that the spectra changed from element
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hitherto unknown elements for which there is a place
in the natural system. Fig. 3 shows how the square
root of the frequency for two characteristic X-ray
lines depends on the atomic number. These lines
belong to the group of so-called K-lines, which are
the most penetrating of the characteristic rays. With
very close approximation the points lie on straight
lines, and the fact that they do so is conditioned
not only by our taking account of known elements, but
also by our leaving an open place between molybdenum
(42) and ruthenium (44), just as in Mendeléeff’s
original scheme of the natural system of the elements.

Further, the laws of X-ray spectra provide a con-
firmation of the general theoretical conceptions, both
with regard to the constitution of the atom and the
ideas that have served as a basis for the interpretation
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of spectra. Thus the similarity between X-ray
spectra and the spectra emitted during the binding
of a single electron to a nucleus may be simply inter-
preted from the fact that the transitions between
stationary states with which we are concerned in
X -ray spectra are accompanied by changes in the
motion of an electron in the inner part of the atom,
where the influence of the attraction of the nucleus
is very great compared with the repulsive forces of
the other electrons.

The relations between other properties of the elements
are of a much more complicated character, which
originates in the fact that we have to do with processes
concerning the motion of the electrons in the outer
part of the atom, where the forces that the electrons

Ordinary optical spectra behave in an analogous
way. In spite of the dissimilarity between these
spectra, Rydberg succeeded in tracing a certain
general relationship between the hydrogen spec-
trum and other spectra. Even though the spectral
lines of the elements with higher atomic number
appear as combinations of a more complicated manifold
of spectral terms which is not so simply co-ordinated
with a series of whole numbers, still the spectral terms
can be arranged in series each of which shows a strong
similarity to the series of terms in the hydrogen
spectrum. This similarity appears in the fact that
the terms in each series can, as Rydberg pointed out,
be very accurately represented by the formula K/(n + a)?,
where K is the same constant that occurs in the
hydrogen spectrum, often called the
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Rydberg constant, while # is the
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subjected to a force from the
nucleus and these electrons, that
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exert on one another are of the same order of magnitude
as the attraction towards the nucleus, and where,
therefore, the details of the interaction of the electrons
play an important part. A characteristic example
of such a case is afforded by the spatial extension
of the atoms of the elements. Lothar Meyer himself
directed attention to the characteristic periodic change
exhibited by the ratio of the atomic weight to the
density, the so-called atomic volume, of the elements
in the natural system. An idea of these facts is given
by Fig. 4, in which the atomic volume is represented
as a function of the atomic number. A greater
difference between this and the previous figure could
scarcely be imagined. While the X-ray spectra
vary uniformly with the atomic number, the atomic
volumes show a characteristic periodic change which
corresponds exactly to the change in the chemical
properties of the elements.

differs but little from the force with
which the electron in the hydrogen
atom is attracted towards the nucleus
while it is moving in an orbit of corresponding
dimensions.

The spectra so far considered, for which Rydberg’s
laws hold, are excited by means of electric dis-
charge under ordinary conditions and are often called
arc spectra. The elements emit also another type
of spectrum, the so-called spark spectra, when they
are subjected to an extremely powerful discharge.
Hitherto it was impossible to disentangle the spark
spectra in the same way as the arc spectra. Shortly
after the above view on the origin of arc spectra
was brought forward, however, Fowler found (1914)
that an empirical expression for the spark spectrum
lines could be established which corresponds exactly
to Rydberg’s laws with the single difference that the
constant K is replaced by a constant four times as
large. Since, as we have seen, the constant that
appears in the spectrum sent out during the binding
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of an electron to a helium nucleus is exactly equal
to 4 K, it becomes evident that spark spectra are due
to the ionised atom, and that their emission corresponds
to the last step but one in the formation of the neutral
atom by the successive capture and binding of electrons.

ABSORPTION AND EXCITATION OF SPECTRAL LINES.

The interpretation of the origin of the spectra was
also able to explain the characteristic laws that govern
absorption spectra. As Kirchhoff and Bunsen had
already shown, there is a close relation between the
selective absorption of substances for radiation and
their emission spectra, and it is on this that the
application of spectrum analysis to the heavenly
bodies essentially rests. Yet on the basis of the
classical electromagnetic theory, it is impossible to
understand why substances in the form of vapour
show absorption for certain lines in their emission
spectrum and not for others.

On the basis of the postulates given above we are,
however, led to assume that the absorption of radiation
corresponding to a spectral line emitted by a transition
from one stationary state of the atom to a state of
less energy is brought about by the return of the atom
from the last-named state to the first. We thus
understand immediately that in ordinary circumstances
a gas or vapour can only show selective absorption
for spectral lines that are produced by a transition
from a state corresponding to an earlier stage in the
binding process to the normal state. Only at higher
temperatures or under the influence of electric dis-
charges whereby an appreciable number of atoms are
being constantly disrupted from the normal state,
can we expect absorption ‘for other lines in the emission
spectrum in agreement with the experiments.

A most direct confirmation for the general inter-
pretation of spectra on the basis of the postulates
has also been obtained by investigations on the
excitation of spectral lines and ionisation of atoms
by means of impact of free electrons with given
velocities. A decided advance in this direction was
marked by the well-known investigations of Franck
and Hertz (1914). It appeared from their results
that by means of electron impacts it was impossible
to impart to an atom an arbitrary amount of energy,
but only such amounts as corresponded to a transfer
of the atom from its normal state to another stationary
state of the existence of which the spectra assure us,
and the energy of which can be inferred from the
magnitude of the spectral term.

Further, striking evidence was afforded of the in-
dependence that, according to the postulates, must
be attributed to the processes which give rise to the
emission of the different spectral lines of an element.

Thus it could be shown directly that atoms that were
transferred in this manner to a stationary state of
greater energy were able to return to the normal
state’ with emission of radiation corresponding to a
single spectral line.

Continued investigations on electron impacts, in
which a large number of physicists have shared, have
also produced a detailed confirmation of the theory
concerning the excitation of series spectra. Especially
it has been possible to show that for the Zomisation
of an atom by electron impact an amount of energy
is necessary that is exactly equal to the work required,
according to the theory, to remove the last electron
captured from the atom. This work can be determined
directly as the product of Planck’s constant and the
spectral term corresponding to the normal state,
which, as mentioned above, is equal to the limiting
value of the frequencies of the spectral series connected
with selective absorption.

TuE QuanTUuM THEORY OoF MULTIPLY-PERIODIC
SvsTEMS.

While it was thus possible by means of the funda-
mental postulates of the quantum theory to account
directly for certain general features of the properties
of the elements, a closer development of the ideas
of the quantum theory was necessary in order to
account for these properties in further detail. In the
course of the last few years a more general theo-
retical basis has been attained through the develop-
ment of formal methods that permit the fixation of
the stationary states for electron motions of a more
general type than those we have hitherto considered.
For a simply periodic motion such as we meet in the
pure harmonic oscillator, and at least to a first ap-
proximation, in the motion of an electron about a
positive nucleus, the manifold of stationary states
can be simply co-ordinated to a series of whole
numbers.  For motions of the more general class
mentioned above, the so-called multiply-periodic
motions, however, the stationary states compose a
more complex manifold, in which, according to
these formal methods, each state is characterised by
several whole numbers, the so-called ‘quantum
numbers.”

In the development of the theory a large number
of physicists have taken part, and the introduction
of several quantum numbers can be traced back to
the work of Planck himself. But the definite step
which gave the impetus to further work was made
by Sommerfeld (x915) in his explanation of the fine
structure shown by the hydrogen lines when the
spectrum is observed with a spectroscope of high
resolving power. The occurrence of this fine structure
must be ascribed to the circumstance that we have
to deal, even in hydrogen, with a motion which is
not exactly simply periodic. In fact, as a consequence
of the change in the electron’s mass with velocity
that is claimed by the theory of relativity, the electron
orbit will undergo a very slow precession in the orbital
plane. The motion will therefore be doubly periodic,
and besides a number characterising the term in the
Balmer formula, which we shall call the principal
quantum number because it determines in the main
the energy of the atom, the fixation of the stationary
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states demands another quantum number which we
shall call the subordinate quantum number.

A survey of the motion in the stationary states
thus fixed is given in the diagram (Fig. 5), which
reproduces the relative size and form of the electron
orbits. Each orbit i1s designated by a symbol y,
where 7 is the principal quantum number and % the
subordinate quantum number. All orbits with the
same principal quantum number have, to a first
approximation, the same major axis, while orbits
with the same value of % have the same parameter,
7.e. the same value for the shortest chord through the
focus. Since the energy values for different states
with the same value of 7z but different values of %
differ a little from each other, we get for each hydrogen
line corresponding to definite values of #’ and #” in
the Balmer formula a number of different transition
processes, for which the frequencies of the emitted
radiation as calculated by the second postulate are

F1e. 5.

not exactly the same. As Sommerfeld was able to
show, the components this gives for each hydrogen
line agree with the observations on the fine structure
of hydrogen lines to within the limits of experimental
error. In the figure the arrows designate the processes
that give rise to the components of the red and green
lines in the hydrogen spectrum, the frequencies of
which are obtained by putting #”=2 and n'=3 or 4
respectively in the Balmer formula.

In considering the figure it must not be forgotten
that the description of the orbit is there incomplete,
in so much as with the scale used the slow precession
does not show at all. In fact, this precession is so
slow that even for the orbits that rotate most rapidly
the electron performs about 40,000 revolutions before
the perihelion has gone round once. Nevertheless,
it is this precession alone that is responsible for the
multiplicity of the stationary states characterised by
the subordinate quantum number. If, for example,
the hydrogen atom is subjected to a small disturbing
force which perturbs the regular precession, the
electron orbit in the stationary states will have a
form altogether different from that given in the figure.
This implies that the fine structure will change its

character completely, but the hydrogen spectrum will
continue to consist of lines that are given to a close
approximation by the Balmer formula, due to the
fact that the approximately periodic character of the
motion will be retained. Only when the disturbing
forces become so large that even during a single
revolution of the electron the orbit is appreciably
disturbed, will the spectrum undergo essential changes.
The statement often advanced that the introduction of
two quantum numbers should be anecessary condition
for the explanation of the Balmer formula must there-
fore be considered as a misconception of the theory.

Sommerfeld’s theory has proved itself able to
account not only for the fine structure of the hydrogen
lines, but also for that of the lines in the helium spark
spectrum. Owing to the greater velocity of the -
electron, the intervals between the components into
which a line is split up are here much greater and can
be measured with much greater accuracy. The theory
was also able to account for certain
features in the fine structure of
X-ray spectra, where we meet fre-
quency differences that may even
reach a value more than a million
times as great as those of the fre-
quency differences for the com-
ponents of the hydrogen lines.

Shortly after this result had been
attained, Schwarzschild and Epstein
(1916) simultaneously succeeded, by
means of similar considerations, in
accounting for the characteristic
changes that the hydrogen lines
undergo in an electric field, which
had been discovered by Stark in
the . year 1914. Next, an - ex-
planation of the essential features
of the Zeeman effect for the hydro-
gen lines was worked out at the
same time by Sommerfeld and Debye
(z917). In this instance the applica-
tion of the Postulates involved the consequence
that only certain orientations of the atom relative
to the magnetic field were allowable, and this character-
istic consequence of the quantum theory has quite
recently received a most direct confirmation in the
beautiful researches of Stern and Gerlach on the
deflexion of swiftly-moving silver atoms in a non-
homogenous magnetic field.

TaE CORRESPONDENCE PRINCIPLE.

While this development of the theory of spectra
was based on the working out of formal methods
for the fixation of stationary states, the present
lecturer succeeded shortly afterwards in throwing
light on the theory from a new view-point, by pursuing
further the characteristic connexion between the
quantum theory and classical electrodynamics already
traced out in the hydrogen spectrum. In connexion
with the important work of Ehrenfest and Einstein
these efforts led to the formulation of the so-called
correspondence  principle, according to which the
occurrence of transitions between the stationary states
accompanied by emission of radiation is traced back
to the harmonic components into which the motion
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of the atom may be resolved and which, according
to the classical theory, determine the properties of
the radiation to which the motion of the particles
gives Tise.

According to the correspondence principle, it is
assumed that every transition process between two
stationary states can be co-ordinated with a corre-
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sponding harmonic vibration component in such a
way that the probability of the occurrence of the
transition is dependent on the amplitude of the vibra-
tion. The state of polarisation of the radiation emitted
during the transition depends on the further character-
istics of the vibration, in a manner analogous to that
in which on the classical theory the intensity and state
of polarisation in the wave system emitted by the
atom as a consequence of the presence of this vibration
component would be determined respectively by the
amplitude and further characteristics of the vibration.

With the aid of the correspondence principle it
has been possible to confirm and to extend the above-
mentioned results. Thus it was possible to develop a
complete quantum theory explanation of the Zeeman
effect for the hydrogen lines, which, in spite of the
essentially different character of the assumptions that
underlie the two theories, is very similar throughout
to Lorentz’s original explanation based on the classical
theory. 1In the case of the Stark effect, where, on
the other hand, the classical theory was completely
at a loss, the quantum theory explanation could be
so extended with the help of the correspondence
principle as to account for the polarisation of the
different components into which the lines are split,
and also for the characteristic intensity distribution
exhibited by the components. This last question has
been more closely investigated by Kramers, and the
accompanying figure will give some impression of how
completely it is possible to account for the phenomenon
under consideration. :

Fig. 6 reproduces one of Stark’s well-known photo-
graphs of the splitting up of the hydrogen lines. The
picture displays very well the.varied nature of the
phenomenon, and shows in how peculiar a fashion the
intensity varies from component to component. The
components below are polarised perpendicular to the
field, while those above are polarised parallel to
the field.

Fig. 7 gives a diagrammatic representation of the
experimental and theoretical results for the line Hy,
the frequency of which is given by the Balmer
formula with #”=2 and #'=5. The vertical lines
denote the components into which the line is split

up, of which the picture on the right gives the
components which are polarised parallel to the field
and that on the left those that are polarised per-
pendicular to it. The experimental results are re-
presented in the upper half of the diagram, the
distances from the dotted line representing the
measured displacements of the components, and the
lengths of the lines being proportional to the relative
intensity as estimated by Stark from the blackening
of the photographic plate. In the lower half is given
for comparison a representation of the theoretical
results from a drawing in Kramers’ paper.

The symbol (n'ss —n"s) attached to the lines gives
the transitions between the stationary states of
the atom in the electric field by which the com-
ponents are emitted. Besides the principal quan-
tum integer 7, the stationary states are further
characterised by a subordinate quantum integer s,
which can be negative as well as positive and has a
meaning quite different from that of the quantum
number % occurring in the relativity theory of the
fine structure of the hydrogen lines, which fixed
the form of the electron orbit in the undisturbed
atom. Under the influence of the electric field both
the form of the orbit and its position undergo
large changes, but certain properties of the orbit
remain unchanged, and the subordinate quantum
number s is connected with these. In Fig. 7 the
position of the components corresponds to the fre-
quencies calculated for the different transitions, and
the lengths of the lines are proportional to the
probabilities as calculated on the basis of the corre-
spondence principle, by which also the polarisation
of the radiation is determined. It is seen that the
theory reproduces completely the main feature of
the experimental results, and in the light of the corre-
spondence principle we can say that the Stark effect
reflects down to the smallest details the action of
the electric field on the orbit of the electron in the
hydrogen atom, even though in this case the reflection
is so distorted that, in contrast with the case of the.
Zeeman effect, it would scarcely be possible directly

I
I
I
|

1

]

I

]

I

I | | ' |

|
del bRl (T I A T

I |

! I

]

| ]

1 I

1 13

| |

i -l

1
e o lll' o o ° Illllllll .
Qo O O YN
RpERh RO RESR R R AR RBS R R G
L R S
NN NN N N N N NN DN PN N
R S S R B S S AT R A

Fic. 7.

to recognise the motion on the basis of the classical
ideas of the origin of electromagnetic radiation.
Results of interest were also obtained for the spectra
of elements of higher atomic number, the explanation
of which in the meantime had made important progress
through the work of Sommerfeld, who introduced
several quantum numbers for the description of the
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electron orbits. Indeed, it was possible, with the aid
of the correspondence principle, to account completely
for the characteristic rules which govern the seemingly
capricious occurrence of combination lines, and it is
not too much to say that the quantum theory has
not only provided a simple interpretation of the
combination  principle, but has further contributed
materially to the clearing up of the mystery that
has long rested over the application of this principle.
The same view-points have also proved fruitful in
the investigation of the so-called band spectra. These
do not originate, as do series spectra, from individual
atoms,’ but from molecules; and the fact that these
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spectra are so rich in lines is due to the complexity
of the motion entailed by the vibrations of the atomic
nuclei relative to each other and the rotations of
the molecule as a whole. The first to apply the
postulates to this problem was Schwarzschild, but
the important work of Heurlinger especially has
thrown much light on the origin and structure of
band spectra. The considerations employed here can
be traced back directly to those discussed at the
beginning of this lecture in connexion with Bjerrum’s
theory of the influence of molecular rotation on the
infra-red absorption lines of gases. It is true we no
longer think that the rotation is reflected in the spectra
in the way claimed by classical electrodynamics, but
rather that the line components are due to transitions
between stationary states which differ as regards
rotational motion. That the phenomenon retains
its essential features, however, is a typical consequence
of the correspondence principle. :

TaE NATURAL SYSTEM OF THE ELEMENTS.

The ideas of the origin of spectra outlined in the
preceding have furnished the basis for a theory of the
structure of the atoms of the elements which has
shown itself suitable for a general interpretation of
the main features of the properties of the elements,
as exhibited in the natural system. This theory is
based primarily on considerations of the manner in
which the atom can be imagined to be built up by the
capture and binding of electrons to the nucleus, one

by one. As we have seen, the optical spectra of
elements provide us with evidence on the progress
of the last steps in this building up process.

An insight into the kind of information that the
closer investigation of the spectra has provided in this
respect may be obtained from Fig. 8, which gives a
diagrammatic representation of the orbital motion in
the stationary states corresponding to the emission
of the arc-spectrum of potassium. The curves show
the form of the orbits described in the stationary
states by the last electron captured in the potassium
atom, and they can be considered as stages in the
process whereby the rgth electron is bound after the

18 previous electrons have already

been bound in their normal orbits.

In order not to complicate the

figure, no attempt has been made
- to draw any of the orbits of these

inner electrons, but the region in
which they move is enclosed by

a dotted circle. In an atom with

several electrons the orbits will,

in general, have a complicated
character. Because of the sym-
metrical nature of the field of force
about the nucleus, however, the
motion of each single electron can

be approximately described as a

plane periodic motion on which is

superimposed a uniform rotation in
the plane of the orbit. The orbit

of each electron will therefore be to a

first approximation doubly periodic,

and will be fixed by two quantum
numbers, as are the stationary states in a hydrogen atom
when the relativity precession is taken into account.

In Fig. 8, as in Fig. 5, the electron orbits are marked
with the symbol 7, where % is the principal quantum
number and % the subordinate quantum number.
While for the initial states of the binding process,
where the quantum numbers are large, the orbit of
the last electron captured lies completely outside of
those of the previously bound electrons, this is not
the case for the last stages. Thus, in the potassium
atom, the electron orbits with subordinate quantum
numbers 2 and 1 will, as indicated in the figure,
penetrate partly into the inner region. Because of
this circumstance, the orbits will deviate very greatly
from a simple Kepler motion, since they will consist
of a series of successive outer loops that have the
same size and form, but each of which is turned through
an appreciable angle relative to the preceding one.
Of these outer loops only one is shown in the figure.
Each of them coincides very nearly with a piece of
a Kepler ellipse, and they are connected, as indicated,
by a series of inner loops of a complicated character
in which the electron approaches the nucleus closely.
This holds especially for the orbit with subordinate
quantum number 1, which, as a closer investigation
shows, will approach nearer to the nucleus than any
of the previously bound electrons.

On account of this penetration into the inner region,
the strength with which an electron in such an orbit
is bound to the atom will—in spite of the fact that
for the most part it moves in a field of force of the
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same character as that surrounding the hydrogen
nucleus—be much greater than for an electron in a
hydrogen atom that moves in an orbit with the same
principal quantum number, the maximum distance
of the electron from the nucleus at the same time
being considerably less than in such a hydrogen orbit.
As we shall see, this feature of the binding process
in atoms with many electrons is of essential importance
in order to understand the characteristic periodic
way in which many properties of the elements as
displayed in the natural system vary with the atomic
number.

In " the accompanying table (Fig. 9) is given a
summary of the results concerning the structure of

Iy | 2125 | 31323z | 41dedads | 5152525155 | 016265646566 | 7172
1 H
2 He
UL 2 I
4 Be 2, 2
5B 2 2(1)
1oNe | 2 4.4
11 Na 2 4 4 I
12 Mg 2 44 2
13 Al 2| 44 21
18 A 2| 44 | 44
19 K 2 | 44 | 44 b
20 Ca 27| 44 44 2
21 Sc 2 4 4 441 |(2)
22 Ti 2 4 4 442 |(2)
29 Cu 2 4 4 666 | 1
30 Zn 2 4 4 666 |2
31Ga | 2 | 44 666 |21
36 Kr | 2 4 4 666 | 44
37Rb | 2| 44 666 | 44 T
38 Sr 2 44 666 | 44 2
39Y 2| 44 | 666 | 441 (2)
40 Zt 2 44 666 (442 (2)
47 Ag 2 44 666 | 666 T
48 Cd 2 44 666 [ 666 2
49 In 2 44 666 | 666 21
54 X 2 44 666 | 666 44
55 Cs 2 44 666 | 666 44 I
56 Ba 2 4 4 666 | 666 44 2
57 La 2 44 666 | 666 441 (2)
58 Ce 2 44 666 | 6661 | 441 (2)
59 Pr 2 44 666 | 6662 | 441 (2)
71 Cp 2 44 666 [ 8888 | 441 (2)
72 — 2 44 666 | 8888 | 442 (2)
79 Au §| 2 44 666 [ 8888 | 666 I
8o Hg | 2 44 666 [ 3888 | 666 2
81 Tl 2 44 666 [ 8888 | 666 21
86 Emj 2 44 | 666 | 8888 | 666 44
87 2 44 | 666 | 8888 | 666 44 I
88 Ra | 2 44 | 66618888 | 666 4.4 2
89 Ac 2 44 666 [ 8888 | 666 441 (2)
9o Th 2 44 666 | 8888 | 666 442 (2)
1187? 2 4 4 666 | 8888 | 8888 666 44
F16. 9.

the atoms of the elements to which the author has
been led by a consideration of successive capture and
binding of electrons to the atomic nucleus. The
figures before the different elements are the atomic
numbers, which give the total number of electrons
in the neutral atom. The figures in the different
columns give the number of electrons in orbits corre-
sponding to the values of the principal and subordinate
quantum numbers standing at the top. In accordance
with ordinary usage we will, for the sake of brevity,

_positions of equilibrium.

designate an orbit with principal quantum number 7
as an n-quantum orbit. The first electron bound in
each atom moves in an orbit that corresponds to the
normal state of the hydrogen atom with quantum
symbol 1,. In the hydrogen atom there is of course
only one electron ; but we must assume ‘that in the
atoms of other elements the next electron also will
be bound in such a 1-quantum orbit of type 1;. As
the table shows, the following electrons are bound
in 2-quantum orbits. To begin with, the binding
will result in a 2; orbit, but later electrons will be
bound in 2, orbits, until, after binding the first 10
electrons in the atom, we reach a closed configuration
of the 2-quantum orbits in which we assume there
are four orbits of each type. This configuration is
met for the first time in the neutral neon atom, which
forms the conclusion of the second period in the
system of the elements. When we proceed in this
system, the following electrons are bound in 3-quantum
orbits, until, after the conclusion of the third period
of the system, we encounter for the first time, in
elements of the fourth period, electrons in 4-quantum
orbits, and so on.

This picture of atomic structure contains many
features that were brought forward by the work of
earlier investigators. Thus the attempt to interpret
the relations between the elements in the natural
system by the assumption of a division of the electrons
into groups goes as far back as the work of J. J.
Thomson in 1904. Later, this view-point was developed
chiefly by Kossel (1916), who, moreover, has connected
such a grouping with the laws that investigations of
X-ray spectra have brought to light.

Also G. R. Lewis and I. Langmuir have sought to
account for the relations between the properties of the
elements on the basis of a grouping inside the atom.
These investigators, however, assumed that the
electrons do not move about the nucleus, but occupy
In this way, though, no
closer relation can be reached between the properties
of the elements and the experimental results concern-
ing the constituents of the atoms. Statical positions
of equilibrium for the electrons are in fact not possible
in cases in which the forces between the electrons
and the nucleus even approximately obey the laws
that hold for the attractions and repulsions between
electrical charges.

The possibility of an interpretation of the properties
of the elements on the basis of these latter laws is
quite characteristic for the picture of atomic structure
developed by means of the quantum theory. As
regards this picture, the idea of connecting the group-
ing with a classification of electron orbits according
to increasing quantum numbers was suggested by
Moseley’s discovery of the laws of X-ray spectra, and
by Sommerfeld’s work on the fine structure of these
spectra. This has been principally emphasised by
Vegard, who some years ago in connexion with investi-
gations of X-ray spectra proposed a grouping of
electrons in the atoms of the elements, which in many
ways shows a likeness to that which is given in the
above table.

A satisfactory basis for the further development of
this picture of atomic structure has, however, only
recently been created by the study of the binding
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processes of the electrons in the atom, of which we
have experimental evidence in optical spectra, and
the characteristic features of which have been elucidated
principally by the correspondence principle. It is
here an essential circumstance that the restriction on
the course of the binding process, which is expressed
by the presence of electron orbits with higher
quantum numbers in the normal state of the atom,
can be naturally connected with the general condition
for the occurrence of transitions between statwnary
states, formulated in that principle.

Another essential feature of the theory is the
influence, on the strength of binding and the dimensions
of the orbits, of the penetration of the later bound
electrons into the region of the earlier bound ones,
of which we have seen an example in the discussion
of the origin of the potassium spectrum. Indeed, this
circumstance may be regarded as the essential cause
of the pronounced periodicity in the properties of
the elements, in that it implies that the atomic dimen-
sions and chemical properties of homologous substances
in the different periods, as, for example, the alkali-
metals, show a much greater similarity than that
which might be expected from a direct comparison
of the orbit of the last electron bound with an
orbit of the same quantum number in the hydrogen
atom.

The increase of the principal quantum number
which we meet when we proceed in the series of the
elements, affords also an immediate explanation of
the characterlstlc deviations from simple periodicity
which are exhibited by the natural system and are
expressed in Fig. 1 by the bracketing of certain series
of elements in the later periods. The first time such
a deviation is met with is in the 4th period, and the
reason for it can be simply illustrated by means of
our figure of the orbits of the last electron bound in
the atom of potassium, which is the first element in
this period. Indeed, in potassium we encounter for
the first time in the sequence of the elements a case
in which the principal quantum number of the orbit
of the last electron bound is, in the normal state of
the atom, larger than in one of the earlier stages of
the binding process. The normal state corresponds
here to a 4, orbit, which, because of the penetration
into the inner region, corresponds to a much stronger
binding of the electron than a 4-quantum orbit in
the hydrogen atom. The binding in question is
indeed even stronger than for a 2-quantum orbit
in the hydrogen atom, and is therefore more than
twice as strong as in ‘the circular 34 orbit which is
situated completely outside the inner region, and for
which the strength of the binding differs but little
from that for a 3-quantum orbit in hydrogen.

This will not continue to be true, however, when
we consider the binding of the 1gth electron in sub-
stances of higher atomic number, because of the much
smaller relative difference between the field of force
outside and inside the region of the first eighteen
electrons bound. As is shown by the investigation
of the spark spectrum of calcium, the binding of the
1gth electron in the 4, orbit is here but little stronger
than in -3, orbits, and as soon as we reach scandium,
we must assume that the 35 orbit will represent the
orbit of the 1gth electron in the normal state, since

this type of orbit will correspond to a stronger binding
than a 4; orbit. While the group of electrons in
2-quantum orbits has been entirely completed at the
end of the 2nd period, the development that the group
of 3-quantum orbits undergoes in the course of the
3rd period can therefore only be described as a pro-
visional completion, and, as shown in the table, this
electron group will, in the bracketed elements of the
4th period, undergo a stage of further development
in which electrons are added to it in 3-quantum orbits.

This development brings in new features, in that
the development of the electron group with 4-quantum
orbits comes to a standstill, so to speak, until the
3-quantum group has reached its final closed form.
Although we are not yet in a position to account in
all details for the steps in the gradual development
of the 3-quantum electron group, still we can say that
with the help of the quantum theory we see at once
why it is in the 4th period of the system of the elements
that there occur for the first time successive elements
with properties that resemble each other as much
as the properties of the sron group ; indeed, we can
even understand why these elements show their well-
known paramagnetic properties. Without further
reference to the quantum theory, Ladenburg had on
a previous occasion already suggested the idea of
relating the chemical and magnetic properties of these
elements with the development of an inner electron
group in the atom.

I will not enter into many more details, but only
mention that the peculiarities we meet with in the
sth period are explained in much the same way as
those in the 4th period. Thus the properties of the
bracketed elements in the sth period as it appears
in the table, depend on a stage in the development
of the 4-quantum electron group that is initiated by
the entrance in the normal state of electrons in 44 orbits.
In the 6th period, however, we meet new features.
In this period we encounter not only a stage of the
development of the electron groups with 5- and
6-quantum orbits, but also the final completion of
the development of the 4-quantum electron group,
which is initiated by the entrance for the first time
of electron orbits of the 4, type in the normal state
of the atom. This development finds its characteristic
expression in the occurrence of the peculiar family
of elements in the 6th period, known as the rare-earths.
These show, as we know, a still greater mutual similarity
in their chemical properties than the elements of the
iron family. This must be ascribed to the fact that
we have here to do with the development of an electron
group that lies deeper in the atom. It is of interest
to note that the theory can also naturally account
for the fact that these elements, which resemble
each other in so many ways, still show great differences
in their magnetic properties.

The idea that the occurrence of the rare-earths
depends on the .development of an inner electron
group has been put forward from different sides.
Thus it is found in the work of Vegard, and at the
same time as my own work, it was proposed by Bury
in connexion with considerations of the systematic
relation between the chemical properties and the
grouping of the electrons inside the atom from the
point of view of Langmuir’s static atomic model. While
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until now it has not been possible, however, to give
any theoretical basis for such a development of an
inner group, we see that our extension of the quantum
theory provides us with® an unforced explanation.
Indeed, it is scarcely an exaggeration to say that if
the existence of the rare-earths had not been established
by direct chemical investigation, the occurrence of
a family of elements of this character within the
6th period of the natural system of the elements
might have been theoretically predicted.

When we proceed to the 7th period of the system,
we meet for the first time with 7-quantum orbits,
and we'shall expect to find within this period features
that are essentially similar to those in the 6th period,
in that besides the first stage in the development of
the 7-quantum orbits, we must expect to encounter
further stages in the development of the group with
6- or 5-quantum orbits. However, it has not been
possible directly to confirm this expectation, because
only a few elements are known in the beginning of
the #th period.  The latter circumstance may be
‘supposed to be intimately connected with the instability
of atomic nuclei with large charges, which is expressed
in the prevalent radioactivity among elements with
high atomic number.

X-RAY SPECTRA AND ATomic CONSTITUTION.

In the discussion of the conceptions of atomic
structure we have hitherto placed the emphasis on
the formation of the atom by successive capture of
electrons. Our picture would, however, be incomplete
without some reference to the confirmation of the
theory afforded by the study of X-ray spectra. Since
the interruption of Moseley’s fundamental researches
by his untimely death, the study of these spectra has
been continued in a most admirable way by Prof.
Siegbahn in Lund. On the basis of the large amount
of experimental evidence adduced by him and his
collaborators, it has been possible recently to give a
classification of X-ray spectra that allows an immediate
interpretation on the quantum theory. In the first
place it has been possible, just as in the case of the
optical spectra, to represent the frequency of each
of the X-ray lines as the difference between two out
of a manifold of spectral terms characteristic of the
element in question. Next, a direct connexion with
the atomic theory is obtamed by the assumption
that each of these spectral terms multiplied by Planck’s
constant is equal to the work which must be done
on the atom to remove one of its inner electrons.
In fact, the removal of one of the inner electrons
from the completed atom may, in accordance with
the above considerations on the formation of atoms by
capture of electrons, give rise to transition processes
by which the place of the electron removed is taken
by an electron belonging to one of the more loosely
bound electron groups of the atom, with the result
that after the transition an electron will be lacking
in this latter group.

The X-ray lines may thus be considered as giving
evidence of stages in‘'a process by which the atom
undergoes a reorganisation after a disturbance in its
interior. According to our views on the stability of
the electronic configuration such a disturbance must
consist in the total removal of electrons from the atom,

or at any rate in their transference from normal orbits
to orbits of higher quantum numbers than those
belonging to completed groups ; a circumstance which
is clearly illustrated in the characteristic difference
between selective absorption in the X-ray region,

“and that exhibited in the optical region.

The classification of the X-ray spectra, to the achieve-
ment of which the above-mentioned work of Sommer-
feld and Kossel has contributed materially, has
recently made it possible, by means of a closer examina-
tion of the manner in which the terms occurring in
the X-ray spectra vary with the atomic number, to
obtain a very direct test of a number of the theoretical
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conclusions as regards the structure of the atom.
In Fig. 1o the abscisse are the atomic numbers and
the ordinates are proportional to the square roots
of the spectral terms, while the symbols K, L, M, N, O,
for the individual terms refer to the characteristic
discontinuities in the selective absorption of the
elements for X-rays; these were originally found by
Barkla before the discovery of the interference of
X-rays in crystals had provided a means for the
closer investigation of X-ray spectra. Although the
curves generally run very uniformly, they exhibit
a number of deviations from uniformity which have
been especially brought to light by the recent investiga-
tion of Coster, who has for some years worked in
Siegbahn’s labora.tory

These deviations, the existence of which was not
discovered until after the publication of the theory
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of atomic structure discussed above, correspond
exactly to what one might expect from this theory.
At the foot of the figure the vertical lines indicate
where, according to the theory, we should first expect,
in the normal state of the atom, the occurrence of 7y
orbits of the type designated. We see how it has
been possible to connect the occurrence of every
spectral term with the presence of an electron moving
in an orbit of a definite type, to the removal of which
this term is supposed to correspond. That in general
there corresponds more than one curve to each type
of orbit 7 is due to a complication in the spectra
which would lead us too far afield to enter into here,
and may be attributed to the deviation from the
previously described simple type of motion of the
electron arising from the interaction of the different
electrons within the same group.

The intervals in the system of the elements, in which
a further development of an inner electron group
takes place because of the entrance into the normal
atom of electron orbits of a certain type, are designated
in the figure by the horizontal lines, which are drawn
between the vertical lines to which the quantum
symbols are affixed. It is clear that such a develop-
ment of an inner group is everywhere reflected in the
curves. Particularly the course of the N- and O-curves
may be regarded as a direct indication of that stage
in the development of the electron groups with
4-quantum orbits of which the occurrence of the
rare-earths bears witness. Although the apparent
complete absence of a reflection in the X-ray spectra
of the complicated relationships exhibited by most
other properties of the elements was the typical and
important feature of Moseley’s discovery, we can
recognise, nevertheless, in the light of the progress
of the last years, an intimate connexion between the
X-ray spectra and the general relationships between
the elements within the natural system.

Before concluding this lecture I should like to mention
one further point in which X-ray investigations have
been of importance for the test of the theory. This
concerns the properties of the hitherto unknown
element with atomic number 72. On this question
opinion has been divided in respect to the conclusions
that could be drawn from the relationships within the
periodic table, and in many representations of the
table a place is left open for this element in the
rare-earth family. In Julius Thomsen’s representation
of the natural system, however, this hypothetical
element was given a position homologous to titanium
and zirconium in much the same way as in our repre-
sentation in Fig. 1. Such a relationship must be
considered as a necessary consequence of the theory
of atomic structure developed above, and is expressed
in the table (Fig. 9) by the fact that the electron
configurations for titanium and zirconium show the
same sort of resemblances and differences as the
electron configurations for zirconium and the element
with atomic number 72. A corresponding view was
proposed by Bury on the basis of his above-mentioned
systematic considerations of the connexion between
the grouping of the electrons in the atom and the
properties of the elements.

Recently, however, a communication was published
by Dauvillier announcing the observation of some

weak lines in .the X-ray spectrum of a preparation
containing rare-earths. These were ascribed to an
element with atomic number 72 assumed to be identical
with an element of the rare-earth family, the existence
of which in the preparation used had been presumed
by Urbain many years ago. This conclusion would,
however, if it could be maintained, place extra-
ordinarily great, if not unsurmountable, difficulties
in the way of the theory, since it would claim a change
in the strength of the binding of the electrons with
the atomic number which seems incompatible with
the conditions of the quantum theory. In these
circumstances Dr. Coster and Prof. Hevesy, who are
both for the time working in Copenhagen, took up
a short time ago the problem of testing a preparation
of zircon-bearing minerals by X-ray spectroscopic
analysis. These investigators have been able to
establish the existence in the minerals investigated
of appreciable quantities of an element with atomic
number 72, the chemical properties of which show
a great similarity to those of zirconium and a decided
difference from those of the rare-earths.?

I hope that I have succeeded in giving a summary
of some of the most important results that have been
attained in recent years in the field of atomic theory,
and I should like, in concluding, to add a few general
remarks concerning the view-point from.which these
results may be judged, and particularly concerning
the question of how far, with these results, it is possible
to speak of an explanation, in the ordinary sense of
the word. By a theoretical explanation of natural
phenomena we understand in general a classification
of the observations of a certain domain with the help
of analogies pertaining to other domains of observa-
tion, where one presumably has to do with simpler
phenomena. The most that one can demand of a
theory is that this classification can be pushed so
far that it can contribute to the development of the
field of observation by the prediction of new phenomena.

When we consider the atomic theory, we are, how-
ever, in the peculiar position that there can be no
question of an explanation in this last sense, since
here we have to do with phenomena which from the
very nature of the case are simpler than in any other
field of observation, where the phenomena are always
conditioned by the combined action of a large number
of atoms. We are therefore obliged to be modest
in our demands and content ourselves with concepts
which are formal in the sense that they do not provide a
visual picture of the sort one is accustomed to require
of the explanations with which natural philosophy
deals. Bearing this in mind I have sought to convey
the impression that the results, on the other hand,
fulfil, at least in some degree, the expectations that
are entertained of any theory; in fact, I have
attempted to show how the development of atomic
theory has contributed to the classification of extensive
fields of observation, and by its predictions has pointed
out the way to the completion of this classification.
It is scarcely necessary, however, to emphasise that the
theory is yet in a very preliminary stage, and many
fundamental questions still await solution.

2 For the result of the continued work of Coster and Hevesy with the new
element, for which they have proposed the name hafnium, the reader may be
referred to their letters in NATURE of January 2o, February ro and 24, and
April 7.
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