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Fossil Remains on S. American Coast, Dr. Ameghino,
278; TFourteenth International Congress: Homo
neanderthalensis, Prof. M. Boule; Italy and Central
Europe during the Bronze Age, Prof. O. Montélius;
Cave Man, Prof. Cartailhac; Castillo Cave, Abbé
Breuil, &c., 290; Steatopygy in Mediterranean Races,
366; Discovery of Human Skull (Early Pleistocene?)
near Lewes, C. Dawson, 390; Palmolithic Man in
Sussex : Mr. C. Dawson’s Discovery, 438; the Lushei
Kuki Clans, Lieut.-Col. J. Shakespear, 464; From the
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Black Mountain to Waziristan, Col. H. C. Wylly,
C.B., 464; Malta and the Mediterranean Race, R. N.
Bradley, 464 ; Putnam Anniversary Volume, by Friends
and Associates of F. W. Putnam, Rev. J. Griffith, 457
Homo Sapiens, Dr. Giuffrida-Ruggeri, 483; Primeval
Man : the Stone Age in W. Europe, Mrs. A. H.
Quiggin, Rev. J. Griffith, 512, §72; Notes and Queries
on Anthropology, Barbara Freire-Marreco and Prof.
J. L. Myres, 566; Polynesian Wanderings, Prof. J. M.
Brown, 599; die steinzeitliche Technik und ihre
Beziehungen zur Gegenwart, Dr. Ludwig Pfeiffer, 622 ;
das Aussterben diluvialer Sidugetiere und die Jagd des
diluvialen Menschen, Dr. W. Soergel, 622; der
Derfflinger Hiigel bei Kalbsrieth, Armin Maoller, 622 ;
Migrations between Australia and America, H. Hallier,
660 ; see also British Association
Anthropometry : Committee for Unification of Anthropo-
metric Measurements, 137; International Rules for
Measurements, 338; Data collected in Maldive Islands
by Dr. S. Gardiner, Dr. Duckworth, 376; Changes in
Bodily Form of Descendants of Immigrants, 667
Antiseptic Action of Salt and Sugar, L. Lindet, 273
Aorta and Trachea in Warm-blooded Animals, G.
and others, 479
Archzology :
General : Bronze Age Pottery, Hon. J. Abercrombie, Dr,
A. C. Haddon, F.R.S., 2; Chiriquian Antiquities, Prof.
G. G. MacCurdy, Dr. A. C. Haddon, F.R.S., 73;
International Archaological Congress at Rome, 169 ;
Ancient Stone Monuments, Prof. G. Elliot Smith,
F.R.S., 243 ; Palwolithic Clay Figures, Count Begouen,
283 ; Fourteenth International Congress of Anthropology
and Prehistoric Archaology at Geneva, 290; les Alpes
de Provence, G. Tardieu, 329; Prehistoric Period in
S. Africa, J. P. Johnson, g.;o; the Metals in Antiquity,
Prof. W. Gowland, F.R.S., 344; Canada, Harlan I.
Smith and others, 391; African Stone Implements,
C. W. Hobley, 469; Cave Drawings in Southern
Europe, Abbé Breuil and others, 492 ; “Primeval Man,”
Mrs. A. Hingston Quiggin, Rev. J. Griffith, 512, 572 ;
Annual of the British School at Athens, 565; Rough
Stone Monuments and their Builders, T. E. Peet, 566 ;
Lens or Burning Glass from Sargon’s Palace, J. Phin,
§71; the Oak, C. Mosley, Rev. J. Griffith, 589 ; Lifts
in Imperial Palace in Ancient Rome, Prof. Boni. 709
British : Implements of Man in the Chalky Boulder Clay,
Rev. Dr. A. Irving, 3; Excavations at Maumbury
Rings, Dorchester, 112 ; Prehistoric Mural Decorations
in Bacon’s Hole, S. Wales, Abbé Breuil, 195; Red
Bands in Bacon’s Hole, 256; Report of Committee on
Ancient Earthworks, 229; the Sub-Crag Flint Imple-
ments, Sir E. Ray Lankester, K.C.B., F.R.S., 249;
Byways in British Archaology, Walter Johnson, A. E.
Crawley, 3or; the Vulgate Version of Arthurian
Romances, H. Oskar Sommer, Rev. J. Griffith, 328;
Making of a Rostro-carinate Flint Implement, J. Reid
Moir, 334; Worked Flints from the Raised Beach in
Co. Down, H. Home, 361 ; Cornwall Megalithic Monu-
ments, . and P. Jeanselme, 366; What the British
Caves might tell us (re Kent's Cavern), W. J. L.
Abbott, 382; Protection of Ancient Monuments, C. R.
Pe;rS, 490 ; Beacon Hill in Hampshire, C. L. Woolley,
70:
See also British Association : Anthropology
Architecture : Analysis of the Church of St. Mary, Cholsey,
Berkshire, Prof. F. J. Cole, Rev. J. Griffith, 539
Arctic: Erichsen’s Maps of Greenland, 258; Zoological
Reports of the Duc d'Orléans Expedition, 314 ; Disaster
to German Spitsbergen Expedition, 548; Capt. Mikkel-
sen’s Expedition to N.E. Greenland, 548
Argon, Rectilinear Diameter of, MM. Mathias, Onnes, and
Crommelin, 587
Aristotelian Society, Proceedings of the, 277
Arithmetic : Examples in Arithmetic, H. S. Hall and F. H.
Stevens, 275; Exercises in Modern Arithmetic, H. S.
Jones, 697
Arterial Degeneration, Dr. Andrewes, 703
Arthurian Romances, the Vulgate Version of the, H. O.
Sommer, Rev. J. Griffith, 329
Ascidians, Dr. W. G. van Name, 528
Ash of the Plantain, D. Hooper, 508

Dreyer

Aspergillus niger: Action of Zinc and Cadmium on, C.
Lepierre, 613; Formation of Urea by, R. Fosse, 613
Association of Technical Institutions, 687
Astronomical Annuals, 580 .
Astronomical Society, Leeds, 93
Astronomy :
Aberration Constant, Prof. Doolittle, 199
Cassegrain Reflector with Corrected Field, Prof. R. A.
Sampson, 689
Comets: Orbits, Prof. Strémgren, 6o; Comets due in
1913, H. P. Hollis, 5352 ; Medal offered by the Astro-
nomical Society of Mexico, 597; Encke’s Comet’s next
Return, F. E. Seagrave, 526; Finlay’s Comet’s next
Return, G. Fayet, 613, 628; Comet 1852 iv (Westphal),
M. Viljev, 683; Comet 1910a, Orbit, S. Mello e Simas,
420; Comet 1911¢ (Brooks), MM. de la B. Pluvinel and
Baldet, 29, Max Valier, 526; Comet 1912a (Gale), 60,
2, 198, 260, 272, 341, 394, 561, 628; Spectrum, P.
drac, 324; Orbit, Dr. Ebell, 114, 141, 172, 232, 495;
H. E. Wood, Mr. Merfield, 172; Comet 1912b
(Schaumasse), identical with Tuttle's Periodic Comet,
231, 273 ; Orbit and Identity, G. Fayet and others, 141,
260, 288, 299, 341; Comet 1912¢ (Borrelly), 288, 315,
325, 341, 351, 369; Orbit, Prof. Kobold, 443
“Companion to the Observatory,” 526
Cosmic Physics, Prof. W. Trabert, E. Gold, 356; Influ-
ence of Spectrum Analysis on Cosmical Problems, Prof.
Max Wolf, 443; Theorem on Trajectories of Electrified
Corpuscles, C. Stérmer, 717
Fiction : “Their Winged Destiny,” D. W. Horner, 160;
“The Triuneverse,” 216
Gaszelte Astronomique, 420
Gravitation : New Theory, Prof. Jaumann, 579
Interstellar Absorbing Medium and Solar Motion, Prof.
W. H. Pickering, 368
Latitude : of Helwan Observatory, Messrs. Wade and
Knox Shaw, 141; Physical Cause of the s-term in
Latitude Variation, S. Shinjo, 232 ; Latitude Variation
and Mean Sea-level, Dr. F. Omori, 471; Latitude
Variation : the Kimura Term, 683
Meteors : Perseid Shower, W. F. Denning, 93; Perseids
of August 12, 1912, Prof. Zammarchi, 232; Meteoric
Fall in France, 115; Shower of Meteoric Stones, W. M.
Foote, 420; Bright Meteor reported, 494
Milky. Way, the Dark Structures in the, Rev. T. E.
Espin, 316; Integrated Spectrum of the Milky Way,
Dr. Fath, 551 ’
Moon : Possible Changes of a Lunar Hill, P. Stoian, 620
Nautical Astronomy, W. P. Symonds, 617
Nebulze and Clusters photographed with
Crossley Reflector, 341
Observatory, Opening of the New Allegheny, 89
Photographic Equatorials, Orientation of, E. Esclangon,
272 ; Photographic Transit Observations, 629
Planet Jupiter : Summary of Markings, W. F. Denning,
6o, 393
Planet Mercury : Transit on November 14, 1907, Prof.
Donitch, 580
Planet Neptune : Diameter, Dr. G. Abetti, 29
Planets and their Satellites, Origin of, C. Stérmer, 428
Primer, Dr. F. W. Dyson, F.R.S., 443
les Progrés Récents *de 1’Astronomie, Paul
Stroobant, 670
Radio-active Elements and Celestial Bodies, Dr. S. A.
Mitchell, 115
Right Ascensions of Standard Catalogues, Periodic Errors
in, Dr. S. S. Hough, 561
Time : International Standard, 261; International Time
Conference, 443
Watch, Reeves’s Night Marching, 711
Zodiacal Light, E. G. Fenton, 220
See also British Association, and Stars and Sun
Astrophysical Observatory, Royal Hungarian, Dr. Konkoly,
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173

Athens, Annual of the British School at, 565

Atlantic : Effect of Labrador Current on Temperature,
Commander Hepworth, 59

Atmosphere : Thermodynamik der Atmosphiire, Dr. A.
Wegener, 31; Atmospheric Pressure and Temperature,
W. Brockméller, Prof. Koppen and Dr. Wendt, o4;
Vertical Temperature Distribution over England,
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W. H. Dines, F.R.S., 309; Shaw and Dines’s Micro-
barograph, Dr. Yoshida, Prof. Fujiwhara, 340; Atmo-
spheric Electricity, Dr. G. C. Simpson, 411; Upper Air
Investigations : Belgium, Batavia, Ontario, 474; Air
Currents at a Height of 50 Miles indicated by a Bolide,
J. E. Clark, 480; Atmospheric Potential, Evan
M'Lennan, 647; Atmospheric Potential, Dr. C. Chree,
F.R.S., 673; Atmospheric Pollution, Investigation of,
651 ; Atmospheric Opacity in 1912, 683

Atomic Dynamics : Prinzipien der Atomdynamik, Prof. J.
Stark, 100; Atomic Weight of Bromine, H. C. P.
Weber, 419; Atomic Constants and Properties of Sub-
stances, R. D. Kleeman, 663

Aurora, Studies of, Carl Stérmer, Dr, C. Chree, F.R.S., 38

Australasian Association for the Advancement of Science, 56,
137, 416

Australia : Burrinjuck Dam, 314; Leprosy in New South
Wales, Dr. A, Thompson, 366; Visit of the British
Association in 1914, 389; Native Flora of New South
Wales, R. H. Cambage, 481; University of West
Australia, 634; Migrations between Australia and
America, H. Hallier, 660

Aviation Exhibits at South Kensington, 6o2

Bacillus subtilis, Fermentation of Sugar by, M. Lemoigne,

273

Bacon's Hole, Red Bands, 195, 256

Bacteriology : Microbiology for Agricultural Students, Prof.
C. E. Marshall ; Microbes and Toxins, Dr. E. Burnet,
Dr. C. Broguet and Dr. W. M. Scott; Bacteria as
Friends and Foes of the Dairy Farmer, W, Sadler,
all Prof. R. T. Hewlett, 188; Handbook of the
Technique of the Teat and Capillary Glass Tube and
its Applications, Sir A. E. Wright, F.R.S., R, T.
Hewlett, 218; New Laboratories opened at King's
College, 289; Bacteriological Water-bottle, D. J.
Matthews, 350; Bacterial Theory of Soil Fertility, F.
Fletcher; Dr. E. J. Russell, 541; Antarctic Bacterio-
logy, Dr. J. H. H. Pirie, 573;?. Bell, 573

Balloons : Balloon Upper Air Investigations, 474; Protec-
tion from Lightning, Prof. Wiener, 525; Ascent of the
Italian “Albatross” on August 12, 1909, Dr. W. N,
Shaw, F.R.S., 673; Rate of Ascent of Pilot Balloons,
J. S. Dines, 716

Baphinitone, Identity of, H. Ryan and Rev. R. Fitzgerald,
638

Barisal Guns in Haiti, 681

Barometer Manual for Seamen, 579

Batrachia of the Malay Peninsula, G. A. Boulenger, 619

Beaches, Minute Life on, Prof. Herdman, F.R.S., 371

Bedford College for Women, 183

Bedrock, 257

Bees : Bee Disease, Isle of Wight, H. B. Fantham and
Annie Porter, go; the Humble-Bee, F. W. L. Sladen,
252 ; Bees shown to the Children, Ellison Hawks, 358 ;
Australian and Tasmanian Bees, T. D. A. Cockerell, 481

Beit Memorial Fellowships Awards, 447

Bending of Long Electric Waves round the Globe, Dr.
W. H. Eccles, 410; see also British Association

Beri-beri and Polyneuritis, E. S. Edie and others, 140

Biochemistry : Grundriss der Biochemie fiir Studierende und
Aerzte, Prof. Carl Oppenheimér, 331; Gentiopicrin in
Swertia perennis, M. Bridel, 377; the Simple Carbo-
hydrates and the Glucosides, Dr. E. F. Armstrong,
510; Oxidations and Reductions in the Animal Body,
Dr. H. D. Dakin, 510; Glycogen in Liver of Rats with
Malignant Growths, W. Cramer and J. Lochhead, 716

Biography : Request for Letters of the late Victoria Lady
Welby, 365; Michael Heilprin and his Sons, G. Pollak,
408; Shinobu Hirota, Prof. J. Milne, F.R.S., 435;
Lord Lister : Royal Institution Discourse, by Sir W.
Macewen, F.R.S., 499:; Centenary of a Geologist,
E. W. Binney, F.R.S., J. Binney, 539

Biology : Biological Nomenclature : New Term “Tectotype,”
138 ; Microbiology, Prof. Marshall, Prof. Hewlett, 189 ;
Colours of Plasmodia of some Mycetozoa, K. Minakata,
220; Einfiihrung in die Biologie, Prof. K. Kraepelin,
245; Photographs of Secondary Structure of Diatom
Valve, T. F. Smith, 258; Panama Canal Zone Survey,
313 ; the Mechanistic Conception of Life, Dr. Jacques
Loeb, Prof. E. A. Schiifer, F.R.S., 327; Richtlinien

des Entwicklungs- und Vererbungs-problems, Prof. A.
Greil, A, E. Crawley, 380; African Tardigrada, J.
Murray, 401 ; Elektrobiologie, Prof. J. Bernstein, 618;
Induced Cell-reproduction in the Protozoa, Aubrey H.
Drew, 673; Aristotle as Biologist, Prof. D’Arcy
Thompson, 680; Life-history of a New Species of
Olpidium, Dr. S. Kusano, 681; Biological Work in
India, 685; see also British Association

Biology, Marine : Science of the Sea, Dr. G. H. Fowler
and others, 34 ; the Michael Sars in the Atlantic, Sir J.

Murray, K.C.B., F.R.S., Dr. J. Hjort, Dr. E. J.
Allen, 221; Liverpool M.B. Committee’s Memoirs :
Buccinum (the Whelk), Dr. W. J. Dakin, 338;

Biologische und morphologische Untersuchungen iiber
Wasser- und Sumpfgewiichse : die Uferflora, Prof. H.
Gliick, 359; Minute Life on our Sea-beaches, Prof.
Herdman, F.R.S., 371; Plankton of Lough Neagh,
W. J. Dakin and Miss Latarche, 402 ; Scottish Antarétic
Expedition, C. T. Regan, Prof. E. Topsent, 507;
Biology of the Lake of Tiberias, Dr. N. Annandale,
508 ; Antarctic Expeditions (Voyages of the Scotia and
Discovery), Mr. and Mrs. Gipp, Dr. Rudmose Brown,
Dr. J. H. H. Pirie, J. Bell, Prof. MacBride, Prof.
Fritsch, 572-3

Biomechanik und Biogenesis, Prof. M. Benedikt, 230

Biplane versus Monoplane, 106

Bird-migration, W. Eagle Clarke, 104; Migratory Birds of
Buffalo River, S. Africa, Rev. R. Godfrey, 173;
Laughing Gull, J. Thienemann, 173; Dartford Warbler
reported at Tuskar Light, Prof. C. ]J. Patten, 306;
Capture of Marked Birds, Dr. Van Oort, 475

Bird Sanctuaries: Brean Down, 169; Marsh Island off
Louisiana Coast, 228; Brent Valley, 440

Birds :

General : Structure of the Ciliary and Iris Muscles in
Birds, C. J. Bond, 71; Attacks of Birds upon Butter-
flies, Prof. E. B. Poulton, I.R.S., 71; Sailing Flight
of Birds, Prof. E. H. Hall, 161; F. W. Headley, 220;
Bird Notes, 173, 344, 475; Leitfaden zum Bestimmen
der Vigel Mittel-Europas, Prof. F. Dahl, A. E.
Crawley, 280; Michigan Bird-life, Prof. Barrows, 339 ;
a Hand-list of British Birds, E. Hartert, F. C. R.
Jourdain, N, F. Ticehurst, and H. F. Witherby, 358

Particular : Californian Valley Quail, H. C. Bryant, 112
Furze-warbler, C. Ingram, 173; Eider Nests, H. W
Robinson, 173; Eggs of Phasianus, P. formosus, and
of a Cross, Mrs. Rose Haig Thomas, 350; Fulmar,
Mr. Harvie-Brown, 475; Spotted Bower-bird,” S. W.
Jackson, 475

Birds’ Food : Contents of Crops of Australian Birds, Dr.
J. B. Cleland, 173; Birds as Destroyers of Grass-
hoppers and other Insects, 475; Pheasant, Food of,
P. H. Grimshaw, 475; Appeal for Correspondents, 625

Birstall Statue to Priestley, 253

Bismuth Extraction from Carbonaceous Ores, F. W.
Frerichs, 190

Bison Increase, 338; Pictures of Bison, &c., by Albert
Diirer, 492

Bleaching and Dyeing of Vegetable Fibrous Materials, J.
Hiibner, 65

Blind Prawn of Galilee, Dr. N. Annandale, 251

Bleod : Circulation and Hydrodynamics, Prof. S, Salaghi,
I14; Chemical Composition of Blood and Hzmmolysis,
A. Mayer and G. Schaefer, 272 ; Estimation of Lipoids
in Blood Serum, L. Grimbert and M. Laudat, 351
Influence of Resilience of the Arterial Wall, S. R
Wells and L. Hill, 662 ; New Method of Blood Fixa-
tion, H. G. Plimmer, 663

Bloodstains : Precipitin Test, J. Muller, g23

Boiler Economics, Prof. Nicholson, g2

Bolide, see Meteor

Bonaparte Fund of the Paris Academy of Sciences, 554

Books : Forthcoming Books of Science, 141, 174 ; Teubner’s
Cheap Series, “Aus Natur und Geisteswelt,” 287;
“People’s Books,” Messrs. Jack, 393, 658; “Books
that Count,” W. F, Gray, 592 :

Botany : ;

General : Notes from Royal Botanic Garden, Edinburgh,
50; a Flower Sanctuary, F. H. Perrycoste, 71; Right
Hon. Sir E. Fry, F.R.S., 102; 162; African
Plant List, gr; Pollination of Hardy Fruits, C. H.

.
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Botany (continued) :

Hooper and F. Chittenden, 91; C. H. Hooper, 5035;
Stimulation of Plant Growth, Prof. H, E. Armstrong,
113 ; Gardens in S. Europe, W, J. Bean, 171; Forcing
Plants by Warm Baths, Prof. Parkinson, 174; Cata-
logue. of Apparatus, Messrs. Gallenkamp and Co., 197;
Biologische und morphologische Untersuchungen {iber
Wasser- und Sumpfgewiichse, Prof. H. Gliick, 359;
Vegetation der Erde: XII., die Pflanzenwelt der
peruanischen Anden, Prof. A. Weberbauer: XIII.,
Phytogeographic Survey of N. America, Prof. J. W.
Harshberger, 405; Nervation of Plants, F. G. Heath,
Dr. F. Cavers, 432; Wild Flowers as they Grow :
Photographed in Colour, H. E. Corke, G. C, Nuttall,
Dr. F. Cavers, 432; Irritability of Plants, Dr, E. G.
Pringsheim, 483; Round-the-world Excursion, Prof.
C. J. Chamberlain, 509; Some of the Next Steps in
Botanical Science: Address to American Association,
Prof. C. E. Bessey, 607; Floral Zygomorphy, J. M'L.
Thompson, 664; a Text-book of Botany, Dr. E. Stras-
burger, Dr. L. Jost, Dr. H. Schenk, and Dr. G.
Karsten, Prof. W. H.. Lang, F.R.S., 693; Trans-
caspian Lowlands, Dr. O. Paulsen, Dr. W. G. Smith,
711

Special : Antarctic Alge, Mr. and Mrs. Gipp, 572; Prof.
Fritsch, §73; Antarctic Botany (Scotia’s Voyage), Dr.
Rudmose _Brown, 573; Bothrodendron Kiltorkense,
Prof. T. Johnson, 506; Bryophyta, Inter-relationships
of, Dr. F. Cavers, 3; Caithness Vegetation, C. B.
Crampton, 259; Californian “Big Trees,” G. B. Sud-
worth, 441; Chrysanthemums, T, Stevenson, 248; the
Cotton Plant in Egypt, W. L. Balls, 667; Cycadaceae,
Dr. C. J. Chamberlain, 418; Date, Artificial Ripening
of the Deglet-nour, W. T.”Swingle, 127; Dicotyledons,
Germination of Seeds of, J. Adams, 506; Eucalypts of
Parramatta District, C. Hall, 455; Ferns of Lord
Howe Island, Rev. W. W, Watts, o8; Fig-tree and its
Insect Guest, Biology of, Dr. R. Ravasini, 310; Galls,
British Plant-, E. W. Swanton, Mary K. Spittal, 488;
Gramineae from Bombay, New Species, R. K. Bhide,
63; Ground Bean, New, o1; Hevea brasiliensis, Two
Stable Forms of, C. M. Bret, 691; Iceland: Marine
Algal Vegetation, Dr. Helgi Jénsson, 645; Ivy, Dr. F.
Tobler, 418; Leaf-spots of Richardia albo-maculata,
W. T. Saxton, 128; Lotus corniculatus and Trifolium
repens, Variation in, Prof. H. E. Armstrong and
others, 635; New Myrtaceous Plants from New South
Wales, R. T. Baker, 455: Guide to Botanical Litera-
ture of Myxomycetes, Dr. W. C. Sturgis, 579;
Nasturtium officinale, Grafting of, on Brassica oleracea,
I.. Daniel, 429; New South Wales, Native Flora,
R. H. Cambage, 481; the Oak, C. Mosley, Rev. J.
Griffith, 589; Oenothera Lamarckiana, Miss Anne M.
Lutz, 113; (Enotheras, Mutating, Dr. R. R. Gates, 350
Orchids New to E. Sussex, E. J. Bedford, 452; the
Prickly Pear in Western China, T. D. A, Cockerell,
464 ; Primulaceae, Phylogeny of, Dr. S. Thenen, 381;
Rice, Classification of, S. Kikkawa, 599; Rosa stellata,
T. D. A. Cockerell, 571; Selangor, Collection of Plants
from, H. N. Ridley, 351 ; Spurge, Remarkable, at Kew,
171; Tulips, Rev. J. Jacob, Dr. F. Cavers, 433;
Violets, British, Mrs. E. S. Gregory, Dr. F. Cavers,
432 ; Wealden Floras, Prof. A. C. Seward, 350

See also British Association and Physiology of Plants

Boulder Clay : Implements of Man in the Chalky Boulder
Clay, Rev. Dr. A, Irving, 3; Boulder Clay in Essex,
J. Reid Moir, 38; Striation of Stones in Boulder Clay,
Prof. Grenville A. J. Cole, 38

Boy's Playbook of Science, J. H. Pepper, 538

Brass, Prof. Carpenter, 199

Breadmaking, Chemistry of, J. Grant, 357

Breath Figures, Lord Rayleigh, O.M., F.R.S., 436; Dr.
John Aitken, F.R.S., 619

Bristol : Installation of University Chancellor, 224 ; Bristol
University and Agriculture, 373; Bristol District
Geological Excursion Handbook, Prof. S. H, Reynolds,
278 ; Bristol Museum, 493

British Antarctic Expedition, 651, 674

British Association Meeting at Dundee :
Inaugural Address: Life: by Prof. E,
F.R.S., President, 7
Section A (Mathematics and Physics)—Opening Address :
Fundamental Ideas with regard to the Nature of
Heat, and Advantage of some of the Ideas of the Old
Caloric or Material Theory, Prof. H. L. Callendar,

* F.R.S., President of the Section, 19

Scientific Theory and Outstanding Problems of Wireless
Telegraphy : Introductory Remarks at a Joint Dis-
cussion by Sections A and G, Prof. J. A. Fleming,
F.R.S., 262, 291

Meteorology : Joint Discussion with Section M (Agri-
culture) on Application of Meteorological Information
to Agricultural Practice, Dr. Shaw; Connection
between Rainfall and Temperature and Yield of
Crops in Forfarshire, Mr. Watt; Effect of Climate
on Plant Life, Dr. E. J. Russell; Utility of Local
Observations, R. M. Barrington; Periodicities in
Earthquake Phenomena, Prof. Turner; J. I. Craig;
Temperature Conditions in Madiisee in Pommerania
and in Loch Earn, E. M. Wedderburn; Wind and
Temperature Results at the Upper Air Station at
Glossop Moor, Miss White; Report on Upper Air
Investigations at Mungret College, Limerick, by the
Joint Committee, Rev. W. O’Leary, S.J., 369

Joint Discussion with Section G on the Scientific
Theory and Outstanding Problems of Wireless Tele-
graphy, Prof. J. A. Fleming; How the Waves
are propagated a quarter way round the Earth,
Dr. W. Eccles, Prof. A. E. Kennelly, Lord Rayleigh,
Prof. Macdonald, Dr. Nicholson, Prof. A. G.
Webster, Captain Sankey, Prof. S. P. Thompson,
S. G. Brown, Prof. A. Sommerfeld, and others;
Appointment of a Radio-telegraphic Committee, 421

General Physics: Demonstration of Varying Depth of
the Extraordinary Image in Unaxial Crystal, Prof.
S. P. Thompson, F.R.S.; Iridescent Effects produced
by Surface Film on Glass, Lord Rayleigh, O.M.;
Experiments on Flow of Mercury in Small Steel
Tubes, Prof. E. G. Coker; Spinning Tops, Dr. J.
Gray; Apparatus for investigating Motion in Tor-
sional Oscillations when Viscous and Hysteretic
Effects are Present, Prof. W. Peddie; Current-
potential Curves of the Oscillating Spark, Dr. S. R.
Milner; Increase of Conductivity of Paraffin Wax
with Field, Dr. W. F. G. Swann; Deposit upon
Poles of an Iron Arc burning in Air, Prof. W, G.
Duffield and G. E. Collis; Method of Determining
Vapour Densities, Dr. G. E. Gibson ; Determinations
of Optical Rotatory Power of Quartz, Dr. T. M.
Lowry; Calculation of Fields of Telescopic Objec-
tives, Prof. R. A. Sampson; Instrument for
Analysing Sound Vibrations, Prof. D. C. Miller;
Report of Committee on Electrical Standards ; Report
of Committee for Solar Observatory at Yass-
Canberra, 422 .

Discussion on Atomic Heat of Solids, Dr. F. A. Linde-
mann, Dr. G. E. Gibson, Lord Rayleigh, Dr. J. W.
Nicholson, Prof. Rutherford, Prof. Bragg, Dr.
Lindemann, 423

Discussion on geries in Spectra, Dr. J. W. Nicholson,
Prof. Kayser, Prof. Fowler, Prof. Peddie, Lord
Rayleigh,” Dr. Duffield, Dr. T. M. Lowry, Prof.

A. Schifer,

McLennan, 424
Radio-activity and Electronics : Photoelectric Properties
of Thin Metal Films, James Robinson, Prof.

McLennan ; Discharge of Ultra-violet Light of High-
speed Electrons, Prof. Millikan, Prof. Strutt; the
Earth’s Penetrating Radiation over Land and Large
Bodies of Water, Prof. J. C. McLennan, Prof.
Strutt; Heating Effects of Radium Emanation and
its Products, Prof. E. Rutherford and H. Robinson ;
Origin of Beta and Gamma Rays from Radio-active
Substances, Prof. Rutherford; Apparatus for Curves
of Radio-active Changes, Prof. F. Soddy, 425
Mathematics : Mechanism for Factorising Large Num-
bers, M. Gérardin; (1) Mersenne’s Numbers, (2)
Arithmetical Factors of the Pellian Terms, Lieut.-Col.
A. Cunningham ; Theory of Composition of - Positive
Quadratic Forms, Prof. E. H. Moore, Mr.
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British. Association Meeting at Dundee (continued) : Owens ; Theory of Menai Strait, E. Greenly; Kopjes

Hilton ; Proof of Theorem on Orders of Coincidence,
Prof. J. C. Fields; Algebraic Functions derived from
Permutations of any Assemblage, Major MacMahon ;
Apparatus for Solution of Equations of nth Degree,
Prof. W. Peddie; Use of Exponential Curve in
Graphics, Dr. H. B. Heywood ; Report of Committee
for tabulating Bessel’'s and other Functions, Dr.
Nicholson, 425

Cosmical Physics and Astronomy : Report of Committee
on Seismological Investigations; Seismic Periodicity,
Prof. H. H. Turner; Prof. Schuster’s Method of
Analysing for suspected Periodicities and the Method
of Correlation, J. I. Craig; Total Number of Stars,
Dr. S. Chapman ; Chromospheric Lines and Radium,
Prof. Dyson (Astronomer Royal), Prof. Kayser,
Prof. the Hon. R. J. Strutt, Prof. Rutherford,
Father Cortie, Dr. Lockyer; Magnetic Disturbances,
Sun-spots, and the Sun's Corona, Father Cortie;
Report of Committee on Magnetic Observations at
Falmouth, 426

Evening Discourse : Radiations Old and New, Prof.
W. H. Bragg, F.R.S., 529, 557

Section B (Chemistry)-—Opening Address: 1., the Nature
and Method of Chemistry; II., Sub-atoms, Atoms,
Molecules, Molecular Aggregates, Valency; III.,
Pursuit of Chemistry Justified by its Useful Applic-
ability, Prof. A. Senier, President of the Section, 43

Interaction between Thiocarbamide, Iodine, and Sul-
phur, Prof. H. Marshall; Distillation of Binary
Mixtures of Metals in wacuo, A. J. Berry; Diffusion
in Solids, Dr. C. H. Desch; Nitrogen Chloride and
Photochemical  Inhibition, R. de J. Fleming-
Struthers ; Inseparability of Thorium and Uranium
X, A. Fleck; Dissociation of Phosphorus Vapour,
Prof. Stock and Dr. G. E. Gibson; Enzymes and
Glucoside of Flax, Dr. J. V. Eyre and Prof. H. E.
Armstrong ; Variation of Glucoside and Enzyme in
Lotus corniculatus, Prof. Armstrong; Biochemistry
of Plant Pigmentation, Prof. F. Keeble and Dr.
E. F. Armstrong ; Distribution of Oxydases in White
Flowers, W. N. Jones; Synthetic Aminoglucosides,
Prof. Irvine and A. Hynd; Constitution of Mannitol
Triacetone, Prof. Irvine and Miss B. M. Patterson ;
Rotatory Powers of Partially Methylated Glucoses,
Prof. Irvine and Dr. J. P. Scott; Method of Prepar-
ing Acetyliodoglucose, Dr. W. S. Mills; Hexose
Phosphate, Dr. Harden; Nomenclature, Dr. E. F.
Armstrong ; Prof. Irvine; the Walden Rearrange-
ment, A. McKenzie; Isomeric Change, Dr. Lowry;
Conversion of Benzenes, Prof. K. J. P. Orton, Prof.
Holleman ; Leucine and similar Amphoteric Sub-
stances, Dr. J. K, Wood; Supposed Dibromo Com-
pound, Prof. C. R. Marshall; Phototropy, Prof. A.
Senier, 318-321

Section C (Geology)—Opening Address : Relation between
the Cambrian Faunas of Scotland and North
America, B. N. Peach, F.R.S., President of the
Section, 49;

Local Geology, Dr. T. J. Jehu; Breccia formation in
Mull, E. B. Bailey; Sequence of Volcanic Rocks in
Scotland, Dr. J. S. Flett, Dr. J. W. Evans, Dr. T,
Anderson, G. W. Tyrrell, Dr. Hatch; Older Granite
in Lower Dee Side, G. Barrow; Archzan Rocks of
Lewis, Dr. B. N. Peach and Dr. J. Horne; Fossils
in Jasper and Green Schist of the Highland Border,
Dr. R. Campbell; Fossils in the Boundary Fault
Series, Dr. Jehu, Dr. Horne, Dr. Ami, Miss Ellis;
Actinolite-bearing Rock, Dr. A. W. Gibb; Volcanic
Rocks in Aberdeenshire, Dr. W. Mackie; Alkaline
Igneous Rocks of Ayrshire, G. W. Tyrrell; Mica
Schists of Anglesey, E. Greenly; Lower Old Red
Beds of Kincardineshire, Dr. R. Campbell; Silurian
Inlier of Usk, C. J. Gardiner: the “Fern Ledges” of
New Brunswick, Dr. Marie C. Stopes; Fossil Flora
of Pettycur Limestone and Evolution, Dr. W. T.
Gordon ; the Fossil Parka decipiens, W. R. Don;
Dr. G. Hickling, Dr. Newell Arber: Contents of
Millstone Grit of Yorkshire, A. Gilligan; Mineral
Grains in Sands of Scottish Carboniferous, T. O.

Bosworth ; Settlement of Sand in Water, J. S. )

and Insclberge, J. D. Falconer; Country North of
Lake Albert, G. W. Grabham; W. Lower Carter,
207-212

Section D (Zoology)—Opening Address: Zoological

Gardens and the Preservation of Fauna, P. Chalmers
Mitchell, F.R.S., President of the Section, 75

Discussion of the Problem of the Origin of Life, Prof.

E. A. Minchin, H. Wager, Prof. F. W. Keeble,
Prof. A. B. Macallum, Prof. Ben. Moore, Prof. J. S.
Macdonald, Prof. M. Hartog, Prof. P. Geddes, Dr.
J. S. Haldane, Rev. T. R. R. Stebbing, Dr. P.
Chalmers Mitchell, 261; Joint Discussion with
Section I (Physiology) on Aquatic Organisms (see
Section I), 305

Lantern Lecture: Life-history of a Water-beetle, F.

Balfour Browne; Life-history of Saccammina,
Messrs. Heron-Allen and Earland; Isle of Wight
Disease of Bees, Dr. H. B. Fantham, Dr. Annie
Porter, Prof. Minchin; a Sessile Ctenophore, Dr.
Th. Mortensen, E. S. Goodrich; Recent Progress in
Helminthology, and Morphology of Trematodes, Dr.
W. Nicoll; Trout Disease due to a larval Bothrio-
cephalid, J. W. Chaloner; Polychaeta: Resemblance
between Filograna with Operculum and Salmacina
without, Prof. W. C. M’'Intosh; (1) Habits of a New
Species of Phyllochaetopterus found off Vancouver
Island; (2) Formation of Reproductive Buds in
Trypanosyllis sp., F. A. Potts; Development of
Mesoderm and Head Kidneys of Pomatoceros, Dr.
Cresswell Shearer; Development of the Starfish
Asterias rubens, Dr. J. F. Gemmill ; Development of
Echinocardium cordatum, Prof. E, W. MacBride;
Hybridisation of Species of Echinus, H. M. Fuchs;
Methods of raising Parthenogenetic Larvae of
Echinus esculentus, Miss Jordan Lloyd; New Para-
site. Copepod, Chordeuma obesum, Prof. H. F. E.
Jungersen ; Luminous Cells of Pyrosoma and Cyclo-
salpa, Prof. Ch. Julin, Prof. Minchin; a Hermaphro-
dite Amphioxus, E. S. Goodrich; Scottish Sea
Fisheries, 1898-1912, Prof. W. C. M'’Intosh, Prof.
Ewart, Dr. Petersen; Reissner’s Fibre and the Sub-
commissural Organ in the Vertebrate Brain, Prof.
Dendy; Crops of 1800 Birds of g5 Species, Miss
Laura Florence; Foot Ring Method of Bird-marking,
A. L. Thomson; Development of the Thymus and
Thyroid in a Marsupial, Prof. J. P. Hill, Miss E. A.
Fraser; Origin of Fat-tailed Sheep, Prof. Jaay
Ewart; Survey of Fresh-water Fauna of India, Dr.
N. Annandale; Marine Zoological Results of the
Scottish National Antarctic Expedition, Dr. W. S.
Bruce ; Plankton of Lough Neagh, Dr. W. J. Dakin
and Miss M. Latarche; Biological Science and the
Pearl Industry, Dr. H. L. Jameson; Relation of
Mechanics of the Cell to Mechanics of Development,
Prof. L. Rhumbler; Method by which the Individual
Organism becomes adapted to New Enviromental
Stimuli, Dr. C. J. Bond; Inheritance Theory, Dr. J.
Wilson ; Speech in Animals, Prof. R. J. Anderson,
Dr. J. H. Ashworth, 447-451

Resolution of Council regarding Preservation of Fauna,

468

Section E (Geography)—From the Opening Address: the

International Map of the World on the Scale of
]/IOOOOOO: Mapping by Explorers: the Sudan.
Colonel Sir C. M. Watson, K.C.M.G., C.B. President
of the Section, 81, 305

The International Map, the Director-General of the

Ordnance Survey, Capt. Henrici; Improvements in
Surveying Instruments, E. A, Reeves; African
Geography, Dr. Oswald, G. W. Grabham; the
Libyan Desert, W, J. Harding; the Sonora Desert
of Mexico, I. N. Dracopoli; S. Nigeria, P. A.
Talbot ; the Antarctic, Sir C. Markham, Dr. W. S.
Bruce, Dr. R. N, R. Brown, Dr. Marshall, Dr.
Hodgson, Prof. Chilton, 395

Section F (Economic Science and Statistics)—From the

Opening Address: Claim of Economics to rank
among the Exact Sciences: its Capability of being
demonstrated by Geometry and Mathematics, Sir
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British Association Meeting at Dundee (continued) :
Henry H. Cunynghame, K.C.B., President of the
Section, 116
Section G (Engineering).—Opening Address : the Art of
Fitness : Duty of Engineers in regarding the Material
Interests and Aisthetic Susceptibilities of all who can
be affected by their Works, Prof. Archibald Barr,
President of the Section, 83
Scientific Theory and Outstanding Problems of Wire-
less Telegraphy, Prof. J. A. Fleming, F.R.S., 262,

291
« Fifth Report of the Gaseous Explosions Committee ;
Experiments on Coal Dust Explosions, Prof. H.
Dixon ; Ignition of Gaseous Mixtures by Momentary
Arcs, Prof. Thornton; Joint Discussion with Section
A on Wireless Telegraphy (see Section A); Produc-
tion of Electrical Oscillations with Spark Gaps
immersed in running Liquids, Dr. Eccles and A. ]J.
Makower ; Telephone Receivers, Profs. Kennelly and
Pierce; Measuring Wind Velocities with a small
Wheatstone Bridge having Arms of Manganin and
Platinum, Prof. J. T. Morris; the Gas Turbine, Dr.
D. Clerk; the Road Problem, Sir J. H. A. Mac-
donald, K.C.B., F.R.S.; Acceleration and Tractive
Power of Motor-cars, Mr. Wimperis; Control of
Aéroplanes, Prof. Chatley; Pressure on A&rocurves,
A. P. Thurston; Suction between Passing Vessels,
Prof. Gibson and Mr. Thompson ; Propulsion, Prof.
Henderson ; Electrical Transmission, Mr. Mavor;
Lifeboat Lowering Gear, Axel Welin; Optical and
Thermo-electric Stress Determinations, Prof. Coker ;
Electro-magnetic Machine for obtaining Repetitions
of Stress at Frequencies up to 120 per second, Mr.
Haigh; Kinematography of Fracture of Torsion
Specimens, Mr, Larard; Heat Transmission, Prof.
Petavel, Dr. Lander ; Féry Bomb Calorimeter, R. S.
Whipple; Motor Gyroscopes, Dr. Gray and Mr,
Burnside; Exposure Tests of Aluminium Alloys,
Prof. Wilson; Hysteresis Loss in Iron due to Pul-
sating Magnetic Fields, Dr. Wall; Rescue Apparatus
for Coal Mines, T. Reid; Weathering of Portland
Stone, Dr. Owens, 497-498
Section H (Anthropology)—Opening Address: the Evolu-
tion of Man, Prof. G. Elliot Smith, F.R.S., President
of the Section, 118
Discourse : Modern Problems relating to the Antiquity
of Man, Prof. Arthur Keith, 268
(1) Suprasylvian Operculum in Primates with special
reference to Man, (2) Brain of La Quina Man, Prof.
Anthony ; Human Jaw in Kent’s Cavern, Dr. Duck-
worth ; Human Remains in Raised Beach at Gullane,
Dr. Ewart, Prof. Bryce; Lesions caused by Judicial
Hanging, Dr. Wood Jones; Bontoc Igorots, L.
Taylor; Discussion on Ethnological Aspects of
Scottish Folklore; Discussion on Megalithic Monu-
ments, Prof. Elliot Smith, Mr. Peet, and others;
Early Dynastic Tombs in Egypt and Sudan, Prof.
Petrie, Mr. Quibell, Prof. Elliot Smith; Slides of
Temples at Philze, Mr. Ogilvie; Coloured Slides of
Theban Tombs, R. Mond, Mr. Mellor (correction,
p. 411); Remains of Primitive Ethiopian Races in
Southern Sudan, H. S. Wellcome ; Red Pigment on
Ancient Bones, Dr. Derry; Tombs in Achaia
Phthiotis, Mr. Wace ; Bronze and Iron Javelins found
in Caria, Prof. Ridgeway ; Crete, Prof. J. L. Myres;
Prehistoric Monuments of Malta and Sardinia, Dr.
Ashby ; Hill Fort near Abergele, W, Gardner; Pigmy
Flints from Dee Valley, Miss Leslie-Paterson;
Artificial TIslands in Scotch IL.ochs; Rey. Father
Blundell ; Disappearance of Useful Arts, and Con-
ventionalism in Art, Dr. Rivers; Living Race in
North-castern Asia allied to American Indians, Dr.
Hrdlitka, 342-4
Section I (Physiology)—Opening Address : Evils of Stuffy
Rooms or Stagnant Air, Leonard Hill F.R.S.,
President of the Section, 146
Joint Discussion with Section of Zoology on Physiology
of Aquatic Organisms, Prof, A, Piitter, Prof. B.
Moore, F.R.S., Prof. F, Botazzi, Dr. W. J. Dakin,

(Effect of High Water Pressures on Living Tissues)

Prof. L. Hill, F.R.S., Prof. Doflein, Dr.

|

Dixey, F.R.S., Dr. N. Annandale, Prof. A. Dendy,
F.R.S., 395
Discussion on Relation of Mind to Body, Prof. R.
Latta, Dr. J. S. Haldane, F.R.S., Dr. H. J. Watt,
Dr. C. S. Myers, Prof. Geddes, F.R.S., Prof.
Starling, F.R.S., Prof. L. Hill, F.R.S., 396
Kinematograph Illustration of Beating of Tortoise
Heart and Circulation in Frog and Crustacea, Prof.
Heger ; Illustration of Effects of Diffusion, Prof.
Leduc; Colour Vision in Dark Adapted Eye, Prof.
F. Gotch, F.R.S.; Criticism of Report of Depart-
mental Committee on Sight Tests, Dr. Edridge-
Green ; Phagocytosis, Prof. Hamburger; Cell Per-
meability, Prof. Asher; Physical Chemistry of
Muscle, Prof. Bottazzi; Cells of Kidney Tubule and
Acid Excretion, Dr. Campbell and Prof. Macallum ;
Tumour Growth, Dr. Cramer; Brightness Dis-
crimination with Two Eyes and One, S. Dawson;
Effect of Two Adjacent Pressure Stimuli, Prof. von
Frey ; Effect of Tripolar Electrodes in Blocking Nerve
Impulses and Action of ‘Alcohol on Cutaneous
Reflexes, Prof. Ida Hyde; Guanidine Group not
Free in Lysin, Prof. Kossel; Distribution of Taste
Sensations, Prof. Kronecker; Strophanthine an-
tagonising Potassium, Prof. Loewi; Distribution of
Potassium in Cells, Prof. Macallum, F.R.S.; Stimu-
lation of Splanchnic Nerve causes Hyperglycaemia,
Prof. Macleod; Animals’ Memory of Places, Dr.
Mclntyre; Race Regeneration, Rev. J. Marchant;
Pharmacology, Prof. C. R. Marshall; Gaseous
Exchange during Apncea, Prof. Milroy; Value of an
Organism to the Community, H. Reinheimer ; Injec-
tion of Extract of Corpus Luteum, W. Sack ; Output
of Nitrogen after administering Arginine, Prof.
W. H. Thompson; Horizontal-vertical Illusion, Dr.
Valentine ; Nerves in Elephant Trunk, Prof. Waller,
F.R.S.: Comparison of Electro-cardiogram with
Pulse, Prof. Waller; Dr. H. E. Roaf, 305-397
Joint Discussion with Section M (Agriculture) on
Animal Nutrition (see Section M), 398
Section K (Botany)—Opening Address: (i.) Tendency of
Specialists to neglect the Art of Expression; (ii.)
Mendelism, Prof. Fred. Keeble, 175; Discussion of
tl&e Problem of the Origin of Life (see Section D),
261
Section L (Educational Science)—Opening Address: an
Objective Standard in Education, Prof. John Adams,
President of the Section, 202
Psychological Processes underlying Reading and Writ-
ing, F. Smith, Mr. Dumville, Miss Foxley; Relation
of the School to Future Vocation, J. W. Peck, Mr.
Holland, Miss Faithfull, Miss Burstall, Mr. Reid,
Mr. Ferguson; Present Position of Mathematical
Teaching, Dr. T Nunn, Dr. Pinkerton, Dr.
Milne, Mr. Eggar, Prof. Silvanus Thompson, Prin-
cipal Griffiths; Scotch Leaving Certificates, Mr.
Strong, Mr. Donne, Sir J. Donaldson ; Reports from
Committees, 370
Section M (Agriculture)}—Opening Address : History of
Agriculture in Britain; T. H. Middleton, President of
the Section, 235; Joint Discussion with Meteorolo-
gists (see Section A), 369
Interpretation of Milk Records, W. Gavin; Effect of
Heavy Root Feeding on Milk, Dr. Lauder and Mr.
Fagan; Fat Globules of Milk and its Churnability,
Messrs. Cooper, Nuttall, and Freak; Discussion on
the Nation’s Food Supply, R. H. Rew, C.B., Major
Craigig: Joint Meeting with Section I on Animal
Nutrition : Feeding Experiments, Mr. Bruce, Mr.
Watson; Methods of Valuing Food Stuffs, Prof.
Hopkins ; Isolation of Vitamine from Rice Polishings,
Dr. Funk; White and Standard Bread, Prof. L.
Hill ; Individual Attention, Mr. Ross; Cottonseed Oil
and Linseed Oil instead of Butter Fat for Calves,
Prof. Hendrick ; Feeding Cows in W. Scotland, and
Probable Error of Pig Feeding Experiments, Prof.
Berry; Starch Equivalent, Dr. Crowther; (1) Lime
as an Antiseptic in the Soil, (2) Nitrogen Assimila-
tion, Dr. Hutchinson; Analyses of the Oat Kernel,
Prof. Berry; Carbonate of Lime, Prof. Hendrick;
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British Association Meeting at Dundee (continued) :
Influence of Origin on Grass Lands, Dr. W. G.
Smith and Mr. Crampton, 397-399

British Association, forthcoming Australian Meeting, 56

British Association Birmingham Meeting, 546

British Medical Association : next Annual Meeting, 468

British Museum (Natural History): Collection of Horns of

Asiatic Animals left by A, O. Hume, C.B., 57; Casts
of Fossil Reptiles, 169; British Museum Natural
History Collections, Dr. A, Giinther, F.R.S., G. S.
Miller, W. R. Ogilvie-Grant, Dr. J. H. Ashworth, 595
British Rainfall in 1911, Dr. H. R. Mill, 192
British School at Athens, Annual of the, 565
Bromine : New Sensitive Reaction Characteristics of Free
Bromine, G. Denigés, 2%2; Bromine in Human
Organs, A. Labat, 613

Brontides in Haiti, 681

Bronze Age Pottery of Great Britain and Ireland, Hon, J.
Abercromby, Dr. A. C. Haddon, F.R.S., 2

Bryophyta, Inter-relationships of, Dr. F. Cavers, 3

Buffalo Milk in. India, Messrs. Meggitt and Mann, 523

Building : Reference Book for Calculations, Force-diagrams,

Tables, &c., F. Ruff, 302 ; Handbuch der bautechnischen
Gesteinspriifung, Prof. J. Hirschwald, 537; Building
Stones and Clays, E. C. Eckel, 537

Bulbar Centres, Late Awakening of, P. Bonnier, 377

Burning Glass? J. Phin, 571

Burrinjuck Reservoir, 314

Butterflies : Polymorphism in a Group of Mimetic Butter-

flies, Prof. E. B. Poulton, F.R.S., 36; Attacks of
Birds upon Butterflies, Prof. E. B. Poulton, F.R.S.,
71; Experiments on Colour Variation, Dr. A. Pictet,
F. Merrifield, 135; Metabolism of Lepidopterous Pupz,
Prof. Griifin von Linden, 379; Butterflies and Moths,
H. Rowland-Brown, 488

Caffeine, Role of, in Diuretic Action of Coffee, 299; M.
Tiffeneau and H. Bosquet, 299

Caithness Vegetation, G. B. Crampton, 259

Calculus : an Introduction to the Infinitesimal Calculus,
Prof. H. S. Carslaw, 697

Cambridge Geographical Text-books: Intermediate, A. J.
Dicks, 157; Cambridge Manuals of Science, 172;
Cambridge Philosophical Society Elections, 257; Cam-
bridge University : Isaac Newton Studentships, 243 ;
Memorial on the Examination Question, 662

Canada : Reservation Parks, 170; Archaology, Harlan I.
Smith and others, 391; Heaton’s Annual, 699

Cancer: Non-operative Methods, Prof. V. Czerny, 89;
Further Researches into Induced Cell Reproduction and
Cancer, Sir Ronald Ross, K.C.B., F.R.S., 102; New
Institute at Brompton, 468; Mineral Contents of
Cancerous Liver, A. Robin, 639; Fresh Light on the
Cause of Cancer, Prof. J. Fibiger, Dr. E. F. Bashford,
701

Caponising Ostriches, Mr. Fitzsimons, 524

Carbocyclic Compounds, F. B. Thole, 217

Carbohydrates, Simple, and Glucosides, Dr. E. F. Arm-
strong, 510

Cassegrain Reflector with Corrected Field, Prof. R. A.
Sampson, 689

Cassiterite, Multiple Twin of, Prof. W. J. Lewis, 375

Catalogue of the Periodical Publications in the Library of
the Royal Society, London, 161

Catalogue of Serial Publications possessed by South African
Scientific Libraries, 434

Cattle Plague, 57

Causalism : Kausale und konditionale Weltanschauung,
Max Verworn, 698

Cave Prehistoric Paintings in S. Wales, 195, 256; Pal®o-
lithic Cave Drawings in Spain, Abbé Breuil and others,

492

Cell-reproduction, Induced, in the Protozoa, Aubrey H.
Drew, 673

Cells, Surface-tension of Living, F. Czapek, F. F.
Blackman, 201

Celluloid Committee, 169; Celluloid: its Manufacture,
Applications, and Substitutes, Masselon, Roberts, and
Cillard, Dr. H. H. Hodgson, 280

Cellulose : die Einwirkung von Wasser und Natronlauge
auf Baumwollecellulose, Dr. M. Robinoff, 132; Re-
searches on Cellulose, Cross and Bevan, 217

Cementing Steel, Dr. F. Giolitti, 568

Cephalopods, Japanese, S. S. Berry, 229

Ceramic Chemistry, H. H. Stephenson, 457

Cetacea, Origin of Asymmetry in, Prof. é Steinmann, 286

Ceylon : Colombo Museum, 523 ; the Lion in Sinhalese Art,
Dr. J. Pearson, 674

Chain Drives for Motor-'buses, 525

Chaparral of S. California, F. G. Plummer, 470

Cheese, Dr, Langworthy and Caroline Hunt, go; Ripening
of Cheddar Cheese, 285; Vegetable Cheese from Soya
Beans, S. Muramatsu, 709

Chemical Affinity, a Measure of, M. N. Banerjee, 63

Chemical Balance, A. Collot, 600

Chemical Calculations, Dr. Wilson and Dr. Heilbron, 217;
Dr. J. Knox, 431

Chemical Effects of Light, W. A. Davis, 303

Chemical Engineers, Transactions of the American Institute
of, 190

Chemical Equation of State, Prof, Onnes and Dr. Keesom,

493

Chemical Industry: Society of Chemical Industry, 57;
Latest Problems of Chemical Industry, Dr. C. Duis-
berg, Prof. Morgan, 194

Chemical Society : Becquerel Memorial Lecture, Sir O.
Lodge, F.R.S., 232

Chemical Synthesis: Synthesis of Matter, Prof. B. Moore,

190

Chemical Theory and Calculations, Dr. F. J. Wilson and
Dr. I. M. Heilbron, 217; Theories of Solutions, S.
Arrhenius, 245; Elementary Chemical Theory and
Calculations, Dr. J. Knox, 431

Chemistry : Experimental Science: II., Chemistry, S. E.
Brown, 217; First Year's Course of Chemistry, J.
Sinclair and G. W, M’Allister, 217; Report of the
Government Chemist, 387; Laboratory Manual in
Chemistry, Prof. W. C. Morgan and Prof. J. A.
Lyman, 431; Chemical Research, W. P. Dreaper, 618,
658; a First Class-book of Chemistry, E. Barrett and
Dr. T. P. Nunn, 668

See also British Association

Analytical : Allen’s Commercial Organic Analysis, W. A.
Davis and S. S. Sadtler, 65; Handbook of Organic
Analysis, H. T, Clarke, 158; Elementary Quantitative
Analysis, Dr. W. Briggs and H. W. Bausor, 217;
South African Association of Analytical Chemists, 228 ;
Chemical Composition of Blood, A. Mayer and G.
Schaeffer, 272-3; Foods, Dr. Wm. Tibbles, 357;
Elements of Qualitative Chemical Analysis, Prof. J.
Stieglitz, 431; College Text-book on Quantitative
Analysis, Prof. H. R. Moody, 431; Analysis of
Mixtures of Hydrogen and Gaseous Hydrocarbons, &c.,
P. Lebeau, 587; Method of Analysis of Mixtures of
Hydrogen and Hydrocarbons, P. Lebeau and A.
Damiens, 638; Fatty Foods: their Practical Examina-
tiop, E. R. Bolton and C. Revis, 668

Applied: Eighth International Congress of Applied
Chemistry, Prof. G. T. Morgan, 193: Elementary
Applied Chemistry, L. B. Allyn, 668: Dizionario di
Merceologia e di Chimica Applicata, Prof. V. Villa-
vecchia, 699

of Cellulose: Effect of Water and Alkaline Solutions on
Cotton Cellulose, Dr. M. Robinoff, 132 ; Researches on
Cellulose, Cross and Bevan, 217;

Inorganic: Outlines of Inorganic Chemistry, Dr. E. B.
Ludlan, 158; Per-acids and their Salts, Dr. T. S.
Price, 217; Treatise on General and Industrial
Inorganic Chemistry, Dr. E. Molinari, 500; Formation
of Oceanic Salt Deposits, J. H. van t'Hoff and others,
616 ; Inorganic Chemistry, Dr. J. W. Mellor, 668

Organic: a Handbook of Organic Analysis, Qualitative
and Quantitative, H. Thacher Clarke, 158; Modern
Research in Organic Chemistry, F. G. Pope, 217; a
Second Year Course of Organic Chemistry for Tech-
nical Institutes: the Carbocyclic Compounds, F. B.
Thole, 217;

Physical : Lectures, Prof. Arrhenius, 287; Dissociation
Pressures and Melting Points of the System Copper-
Cuprous Oxide, R. E. Slade and F. D. Farrow, 4o1;
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Chemistry (continued) :
Landolt-Bérnstein  physikalisch-chemische  Tabellen,
431; Breath Figures, Lord Rayleigh, O.M., F.R.S.,
436; Dr. John Aitken, F.R.S., 619; Organic Deriva-
tives of Silicon, Prof. Kipping, 494; Absorption and
Conductivity of Acids, A. Brochet, 561; Elements and
Electrons, Sir W. Ramsay, K.C.B., F.R.S., 567; the
Nernst Festschrift, W. Nernst’s Pupils, Prof. F. G.
Donnan, F.R.S., 641; Appearance of Helium and Neon
in Vacuum Tubes, Sir J. J. Thomson, O.M., F.R.S., 645 ;
Sir Wm. Ramsay, K.C.B., 653; Prof. J. N. Collie,
F.R.S., and H. S. Patterson, 653, 699; F. Soddy, 654 ;
Applications of Positive Rays, Sir J. J. Thomson, 663 ;
Trattato di Chimico-Fisica, Prof. H. C. Jones, Dott.
M. Giua, 668

Physiological : Grundriss der Biochemie fiir Studierende
und Aerzte, Prof. C. Oppenheimer, 331; Medizinisch-
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mology, E. D. Sanderson and Prof. C. F. Jackson, 488 ;
Katalog der paldarktischen Hemipteren, B. Oshanin,
513 ; Tetriginee, Dr. Hancock, 550; see also Insects

Equation of State, Prof. H., K. Onnes and Dr. W. H.
Keesom, 493

“Erewhon,” Note-books of the Author of, Samuel Butler,
H. F. Jones, 695

Eskimo : Tribe of White Eskimos, D. MacRitchie, 133;
Appeal for Protection of the Eskimo, V. Stefédnsson, 366

Ethnography : Papua, J. H. P. Murray, 544

Ethnology : West Australia, Map, A. R. Brown, 57; the
Abors in 1853, Rev. Fr. N. Krick, 64; Early Man in
S. America, r12; Oriental Steelyards and Bismars, H.
Ling Roth, 229 ; the Head Hunters of N. Luzon, D. C.
Worcester, 229; Significance of Life to the Omaha,
Miss Alice Fletcher, Dr. A. C. Haddon, F.R.S., 234;
the Mekeo People of New Guinea, R. W. Williamson,
324 ; Customs of the World, W. Hutchinson, Editor,
330; Signs and Symbols and the Ancient Egyptians,
Dr. A. Churchward, Rev. J. Griffith, 406; Marriage
Customs of the Gehara Kanjars, W. Kirkpatrick, 481 ;
Fragment of Buddhist Work in Ancient Aryan Lan-
guage of Turkestan, Dr. S. Konow, 508; Ayi Pantha,
a Cult in Marwir State, M. H. Sastri, 508 ; Picturesque
Nepal, P. Brown, 544 ; the Cochin Tribes and Castes,
L. K. Anantha K. Iyer, 565; Origin of Civilisation
and the Primitive Condition of Man, Right Hon. Lord
Avebury, 565; the Salinan Indians of California, J. A.
Mason, 578; Papuan Mummification, Dr. R. Hamlyn-
Harris, 578; South America, James Bryce, 615; (1)
the Oraibi Marau Ceremony, (2) Hopi Papers, H. R.
Voth, Dr. A. C. Haddon, F.R.S., 630; Recent Work,
660 ‘

Etiology of Pellagra, Drs. Sambon and Chalmers, 196

Eucalypts of Paramatta District, C. Hall, 455

Euclid's Method of Treating the Theory of Proportion :
Modification, Prof. M. J. M. Hill, F.R.S., 400

Eugenics : Two Lectures to the Medical Profession, Prof.
K. Pearson, F.R.S., 111; Papers read at International
Congress, 111; Primitive Eugenics, E. Torday, 317;
“What it Means,” W. Kaempffert, 391; Heredity and
Eugenics, W. E. Castle and others, L. Doncaster, 458;
Notation for Pedigrees, 627

Europe : a Geography of Europe, T. Alford Smith, 157

Evolution of Animal Intelligence, Prof. S. J. Holmes, 160;
Theory of Evolution, Rev. K. Frank, S.J., C. T.
Druery, 670; Evolution and the Need of Atonement,
S. A. McDowall, 695 ; see also Heredity

Exodus, the Land of Goshen and the, Sir Hanbury Brown,
K.C.M.G., 131

Experimental Science : I1., Chemistry, S. E. Brown, 217

Explosion of Tubes containing Compressed Air and
Hydrogen, M. Lelarge, 325; Explosion of Azoimide,
Rev. P. J. Kirkby and J. E. Marsh, 612

Explosions in Mines Committee’s Report, Prof. W.
Galloway, 552

Explosives used in Engineering and Mining, C. Hall, 190

Eyes: Ocular Accommodation in Birds, C. J. Bond, 71;
Eyesight and Typography, 651

Fairy Lore of Bird and Beast, Lilian Gask, 331

Falmouth Observatory, 387

Farm Dairying, Laura Rose, 131

Fatty Foods, E. R. Bolton and C. Revis, 668

Fault Is’roblems, Graphical Solution of, C. F. Tolman, jun.,
a7
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Fermentation of Sugar by Bacillus subtilis, M. Lemoigne,

2
Ferns7?)f Lord Howe Island, Rev. W. W. Watts, g8
Fertilisers and Crops, Dr. L. L. Van Slyke, 131 g
Fiction : Their Winged Destiny : a Tale of Two Planets,
D. W. Horner, 160: the Triuneverse, by the Author of
“Space and Spirit,” 216
Fig-tree and its Insect Guest, Biology of the, Dr. R.
Ravasini, 310; Fig-tree Cult, W. H. Beech, 680
Finger-prints, Dactylography or the Study of, H. Faulds,

189

Firebricks, Melting Points of, C. W. Kanolt, 658

Fireproofing, R. L. Humphrey, 657

Fish: the Moon and Poisonous Fish, E. G. Bryant, 305;
D. E. Hutchins, 382; 417; Breeding-habits of the
“Millions ” Fish, E. G. Boulenger, 350; Teratology of
Fishes, Dr. J. F. Gemmill, 359; Fishes, Dr. R, H.
Traquair, 363 ; Three New Fishes from the Gold Coast,
G. A. Boulenger, Dr. Spurrell, 376; Structure of Bone
in Extinct Fishes, E. S. Goodrich, 453; Antarctic
Fishes, C. T. Regan, 506; Salmon Scale Research,
Miss P. C. Esdaile, 533

Fisheries : Plaice Fisheries of the North Sea, 283 ; Eastern
Sea Fisheries, 313; Fisheries Advisory Scientific
Committee, 491; Board’s Committee for Inshore
Fisheries, 597

Fishing : la Péche au Bord de la Mer, L. Jouenne and
J. H. Perreau, 358

Fishmongers’ Company Dinner, 256

Flannelette, Fireproofing, Prof. Perkin, Prof. Morgan, 194

Flea, Transmission of Recurrent Fever by the, C. Nicolle
and others, 30

Flight : Sailing Flight of Birds, Prof. E. H. Hall, 161;
F. W. Headley, 220; the Dynamics of Mechanical
Flight, Sir G. Greenhill, Prof. G. H. Bryan, F.R.S.,
53

Flint :S(l) Glaciation and Striation, 219; (2) the Sub-Crag
Flint Inplements, 249; (3) the Investigation of Flint,
331, all Sir E. Ray Lankester, K.C.B., F.R.S.; the
Making of a Rostro-carinate Flint Implement, J. Reid
Moir, 334; Worked Flints from the Raised Beach near
Holywood, Co. Down, H. Home, 361 ; Investigation of
Flint, G. Abbott, 411; Natural Fracture of Flint, J.
Reid Moir, 461 :

Flower Sanctuary, F. H. Perrycoste, 71, 162; Right Hon.
Sir Ed. Fry, G.C.B., F.R.S., 102, 162; A. R. Hor-
wood, 162

Flowers : Wild Flowers as They Grow, H. E. Corke, G. C.
Nuttall, Dr. F. Cavers, 432; Precocity of Spring
Flowers, Eleonora Armitage, Lady Lockyer, Edith

g{ow Martyn, 543; Flowers in January, W. Watson,
22

Fluorite Objectives, C. Metz, 603

Foods : Their Origin, Composition, and Manufacture, Dr.
Wm. Tibbles, 357; Fatty Foods, E. R. Bolton
gng C. Revis, 668; Wheat Supply of Great Britain,
7

Foot-and-mouth Disease, Prof. Bang, 523

Foraminifera : Saccammina sphaerica and Psammosphaera
fusca in the North Sea, E. Heron-Allen and A.
Earland, 3350, 401, 447; Foraminifera of the British
Isles, Recent, E. Heron-Allen, 487

Force-diagrams for Frameworks, F. Ruff, 302

Forestry : Sylviculture in the Tropics, A. F. Broun, 362 ;
Dwarf Forests of S. California, 470; British Forestry
and the Development Commission, D, E. Hutchins,
86; Illustriertes Handbuch der Laubholzkunde, C. K.
chneider, s11; the Story of Our Trees in Twenty-four
Lessons, Margaret M. Gregson, s11; Forestry in New
England, Prof. R. C. Hawley and A, F. Hawes, s11;
Lightning in Relation to Forest Fires, F. G. Plummer,

511

Forfarshire, E. S. Valentine, 643

Fossils : Structure of the Stromatoporoid Skeleton and on
Eozoon, R. Kirkpatrick, 37; Wealden Fossils presented
to British Museum, Revs, P. Teilhard and F.
Pelletier, S.J., 111; Fossil Cycads, Dr. C. R. Wieland,
314; Fossiliferous Sandstone discovered at Southall,
E. Proctor, 350; Trilobite Fauna of Comley Breccia-
bed (Shropshire), 453 ; Fossil Pith of a Cycadean Stem,
T. A. Coward, 533; Prothalli from the Lower Coal
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Measures, R, C. McLean, 626; Fossil Flora of York-
shire, H. H. Thomas, 663 ; see also Palzontology
Fowl Tick: Sensory Perceptions, Dr. E. Hindle and G.
Merriman, 392

Fowls, Inheritance of Fecundity in, R. Pearl, W. E.
Collinge, 526

French : Science French Course, C. W. P. Moffatt, 190

Frogs, Hair-like Appendages in Males of certain, Dr. B.
Dean, 492

Fruits : Pollination of Hardy Fruits, C. H. Hooper and
F. Chittenden, gr; C. H. Hooper, 505; Fruit Research
Station at Malling, 661

Fuels, Mineral, 659

Fulmar Breeding Range, Mr. Harvie-Brown, 475

Functions of Real Variables, Theory of, Prof. ]J. Pier-
point, 642

Fungi : Toxicity of Fungi, J. Parisot and M. Vernier, 184 ;
Action of Cadmium on Sterigmatocystis nigra, M.
Javillier, 507; Sphaeria lemaneae, W. B. Brierley, 690

Fungoid Diseases of Plants, Prof. J. Eriksson, Anna
Molander, 131

Galls: Crown Gall, E, F. Smith, Miss Brown and Miss
McCulloch, 314; British Plant-galls, E. W. Swanton,
Mary K. Spittal, 488

Galvanometer, a Dead-heat, with Moving Needle, C. Féry,
376

Gamn71.'1 Rays : Excitation of ¥ Rays by « Rays, J. Chad-
wick and A. S. Russell, 463, 690; 480; Ionisation
Currents produced in Solids by, A, Zaroubine, 524

Ganglion in the Human Temporal Bone, A. A. Gray, 662

Garden, the Rock, R. Farrer, Dr. F. Cavers, 433; Tulips,
Rev. J. Jacob, Dr. F. Cavers, 433

Gas: Kinetic Theory of Tonised Gases and Carnot’s
Principle, M. Gouy, 272; Determination of Dielectric
Cohesion of a Rare Gas, E. Bouty, 455; Coal Gas,
W. J. A. Butterfield, 494; Gaseous Explosions Com-

mittee’s Report, 498; London Gas Supply, 580;
Thermal Efficiency of Gas and Electricity, W. M.
Mason, 594

Gas Engine, Handbook on the, H. Halder, W. M.

Huskisson, 302
Gas Pumps, Humphrey, 683
Gasworks, Chemistry in, W. J. A. Butterfield, 628
Gelatine Manufacture, L. A. Thiele, 190
Gems, W. F. P. McLintock, 470
Geochemical Statistics, F. W, Clarke, 197
Geodesy : Grandeur et Figure de la Terre, J. B. J.
Delambre, 101; International Geodesic Association, B.
Baillaud, 272 ;: International Geodetic Conference, 471 ;
Survey of India, 703
Geography : Land of Goshen and the Exodus, Sir H.
Brown, K.C.M.G., 131; Man and his Conquest of
Nature, Dr. M. I. Newbigin, 131; Cambridge Geo-
graphical Text-books—Intermediate, A. J. Dicks, 157;
a Geography of Europe, T. Alford Smith, 157;
Erichsen’s Maps of Greenland, 258; a First Book of
General Geography, B. C. Wallis, 329; Maps, Prof.
H. N. Dickson, 329; les Alpes de Provence: Guide,
G. Tardieu, 329; Regional Geography: the World,
J. B. Reynolds, 330; Libya Italica: Terreni ed Acque,
P. V. de Regny, 330; New South Wales, A. W. Jose
and others, 381; Ti\rough Shén-Kan, R. S. Clark and
A. de C. Sowerby, 544; Deutsche Siidpolar-Expedition,
1901-3, E. von Drygalski, 572 ; South America, James
Bryce, 615; the Elements of Geography, R. D. Salis-
bury, H. H. Barrows, and W. S. Tower, 643 ; see also
Antarctic, British Association, and Maps
British : the Marlborough Country, H. C. Brentnall and
C. C. Carter, 157; Black's Modern Guide to Harro-
gate, Gordon- Home, 329; Cambridge County Geo-
graphies : Radnorshire, L. Davies: Renfrewshire, F.
Mort; Perthshire, P. Macnair; Dumfriesshire, Dr.
J. K. Hewison; North Lancashire, Dr. J. E. Marr,
F.R.S., all 382; a Geography of the British Empire,
Prof. A. J. Herbertson and R. L. Thompson, 643 ;
the Lost Towns of the Yorkshire Coast and other
Chapters, T. Sheppard, 643
Morphological : Prof. S. Passarge, 470
Physical : Physical Geography for South African Schools,

A. L. Du Toit, 157; a Class Book of Physical
Geography, A. T. Simmons and E. Stenhouse, 157
Geological Society : Election of Officers, 706
Geology :

General : Glaciation and Striation, Rev. Dr. A. Irving,
103 ; Physiography for High Schools, A. L. Carey and
others, Prof. G. A. J. Cole, 159; Structural and Field
Geology : for Students of Pure and Applied Science,
Prof. J. Geikie, F.R.S., Prof. G. A. J. Cole, 159;
Flint: Sir E. Ray Lankester, K.C.B., F.R.S., 219,
249, 231; J. Reid Moir, 334, 461; H. Home, 361;
G. Abbott, 411; Is the Earth Shrinking? H. Birrell,
F. J. M. Stratton, 251; C. E. Stromeyer, 335; Earth
Features and their Meaning, Prof. W. H, Hobbs, 278;
Graphical Solution of Fault Problems, C. F. Tolman,
jun., 278; Types of Ore Deposits, edited by H. F.
Bain, 278; the Coral Genus Aulophyllum, S. Smith,
427 ; Rivers, Glaciers, and the Ice-Age, 444 ; Complete
Rock-disintegration by Weathering, Dr. F. H. Hatch,
81

Local : British Isles: Corals of Limestone Layers of
Avon Gorge, Bristol, 111; Upper Old Red Sandstone
with Fish Remains found near London, 227; a
Geological Excursion Handbook for the Bristol Dis-
trict, Prof. S. H. Reynolds, 278; an Introduction to
British Clays and Shales, A. B. Searle, 278; West of
England Mining Region, J. H. Collins, 278; Lower
Palaxozoic Rocks of the Cautley District (Yorkshire),
J. E. Marr, 453; British Triassic Strata: Keuper
Marls near Charnwood, T. O. Bosworth, 470; Gravels
of East Anglia, Prof. Hughes, 480; the Meres of
Breckland, Dr. Marr, 481; Mineral Composition of
some Cambridgeshire Sands and Gravels, R. 4
Rastall, 481; Recent Foraminifera of the British Isles,
E. Heron-Allen, 487 ; Interbasaltic Iron Ores of North-
cast Ireland, Prof. Cole, 600o; Mass of Anhydrite in
Magnesian Limestone at Hartlepool, C. T. Trechmann,
637; Derived Cephalopoda of the Holderness Drift,
C. Thompson, 663; Two deep Borings at Calvert
Station, and the Palmozoic Floor North of the Thames,
Dr, H. E. Roaf, 716

Local : Abroad : Madagascar Quartz, A. Lacroix, 97;
Palestine, Prof. Max Blanckenhorn, 165; Marine
Molluscs in W. European Pliocene Area, Dr, J. P.
Tesch, 230; Alpine Excursion of the Geologische
Vereinigung, O. Termier, 272; Age of Shining Schists
of Alps, W. Kilian and C. Pussenot, 324 ; Hafslo Lake
and Solvorn Valley, Norway, H. W. Monckton, 427;
Antarctic Geology : Rocks of Western Wilkes Land,
E. Philippi, Dr. Reinisch, 573; South African Geology,
Prof. E. H. L. Schwarz, 590; Geology of New Zealand,
Dr. P. Marshall, 590; Introduction to Geology of New
South Wales, C. A. Siissmilch, 590; Malay Peninsula,
J. B. Scrivenor, 636; U.S. Geological Survey : Texas,
S. Paige: Wpyoming, Oil Fields, E. G. Woodruff,
C. H. Wegemann : Alaska, P. S. Smith, H. M. Eakin,
F. H. Moffit, S. R. Capps: Mineral Fuels, M. R.
Campbell, 659; Results of the British Antarctic Expedi-
tion, 675; the Alps, Prof. Bonney, F.R.S., 703

See also British Association

Geometry : Geometry of the Triangle, Prof. G. Sidler, 250 ;
a Shorter Geometry, C. Godfrey, M.V.O., and A. W.
Siddons, 275; a New Geometry, W. M. Baker and
A. A. Bourne, 275; Lessons in Geometry, Dr. C.
McLeod, 275; Solutions of the Examples in Godfrey
and Siddons's Solid Geometry, C. L. Beaven, 275;
Treatise on the Analytical Geometry of Three Dimen-
sions, Dr. G. Salmon, F.R.S., R. A, P. Rogers, 275;
Orthopole of a Triangle, W. Gallatly, 493; Non-
Euclidean Geometry, Prof. R. Bonola, Prof. H. S.
Carslaw, 697

Geophysical Memoirs, 300; Geophysical Journal, 339

Ghent International Exhibition and British Medical Science,

584
Gifts and Grants:

America: California University, 20,000l., left by Mrs.
Carrie M. Jones, 272 ; Cornell University, 2000l., from
Mr. and Mrs. Eugene Meyer, in memory of their son
lost in the Titanic, 715; Knox College, 25,000l, by
three wills, 715; Mount Holyoke College, 110,400l.,
collected, 272 ; Ohijo-Miami Medical College, 25,000,
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715; Scientific Institutions in the United States,
1(5,000l. and Residuary Estate, bequeathed by Prof.
Morris Loeb, 5053 Yale University, 50,000l, bequeathed
by M. C. D. Borden, and the McPherson fund of
about go,000l., 182

Britain : Bristol University, 150,000, from G. A. and
H. W. Wills, 661; Cambridge University, 9o,000l.,

bequest from Rev. J. H. Ellis, 532; Cambridge
University, Endowment for Professorship of Astro-
physics, Anon., 688; Dublin University and Royal

College of Surgeons in Ireland, 5000l., bequeathed by
R. J. Montgomery, 451; Durham University, 8ool.,
bequeathed by Lord Ilkeston, for a Scholarship for
Women Students, 715; Edinburgh University, 10,000l.,
from the late Misses Dalgety and Mrs. Dalgety, 323;
Linnean Society, 100l., bequest from Sir J. Hooker,

680; Liverpool University, 20,000l., bequeathed by
Thos. Bartlett, 297; London, Battersea Polytechnic,
7oool., from Edwin Tate, 451; London, Natural

History Museum, bequests from Rowland Ward, 577;
Souty London Botanical Institute, 10,000l. and other
property, bequeathed by A. O. Hume, C.B., 57;
London, University College Buildings, anonymous bene-
faction, 611; London, Zoological Gardens, Terraces
from J. N. Mappin, and 1000l. for an Insect House
from Sir J. K. Caird, Bart., 577: Mill Hill School,
s000l. from Mrs. Richardson, 532; Osborne Royal
Naval College, rebuilding, 2o00,000l., 452; Oxford
University, for Forestry, 6gol., from Sir Wm. Schlich,
451; South Wales University College, another 2750l
from W. J. Thomas, 689; Wye Agricultural College,
for Fruit Research, sool., from Board of Agriculture,
323 ‘
France: French Science, 25,960l. (649,000 francs), be-
queathed by Madame Jonglart, 57; Paris University
Institute of Chemistry, 4oo00l., offered by A. Carnegie,
297; Paris University, a further 20,000l. from the
Marquise Arconati-Visconti, 491
Germany : Bavarian Academy of Sciences, 20,000l.,
bequest from Alfred Samson, 661; Prussian Academy
of Sciences, 100,000l., bequest from Alfred Samson,
661
Italy : R. Accademia dei Lincei, 4o0o0l. from Dr. G.
Modigliani, and 2000l. from Signora Celli Dutuit, 88
Siberia: House of Science at Tomsk founded by Peter
Makoushin, 297
Glaciers : Glacier Erosion, P. Morin; Alaska, Prof, R. S.
Tarr, O. D. von Engeln; Shelly Moraine in Spits-
bergen, G. W. Lamplugh, all 445; les Variations
Périodiques des Glaciers : Report, C. Rabot and E.
Muret, 490
Glaciology : Glacial Period, Prof. E. Hull, F.R.S., 32;
Glaciation and Striation, Rev. Dr. A. Irving, 103; Sir
E. Ray Lankester, K.C.B., F.R.S., 219; Glacial Flora
and Fauna of Baden, Dr. P. Stark, 339; Pleistocene
Glaciation and Coral-reefs, R. A, Daly, 445
Glass Tube, Teat and Capillary, Sir A. E. Varlght, WR.S.,
R. T. Hewlett, 218
Globe with Contour Colouring, Bacon's New, 161
Gold : Emissivity at High Temperatures, E. M. Stubbs and
Dr. Prideaux, 349: Chemical Reactions of B-Gold and
Crystallised Gold, M. Hanriot and F. Raoult, 428
Golden Bough, the: a Study in Magic and Religion,
Part v.: Spirits of the Corn and of the Wild, Prof.
J. G. Frazer, A. E. Crawley, 66
Goshen and the Israelites, Sir }{anbury Brown, K.C.M.G.,
131
Government Chemist’s Report, 387
Gramophone Experiments, E. de la Rue, Prof. J. G.
McKendrick, F.R.S., 306
Grasshoppers, Birds as Destroyers of, H. C. Bryant, 475
Gravitation Theory, New, Prof. G. Jaumann, 579
Gravity : Pendulum Experiments in Alsace, Dr. E. Becker,
172 ; Deviations of Falling Bodies, W, H. Roever, 524
Greenland : Erichsen’s Maps, 258; Capt. Mikkelsen's
Expedition to N.E. Greenland, 548
Ground Bean, New, o1
Groundsel, Prof. A. H. Trow, 708
Gymnosperms, Some Indian Jurassic, Miss Nellie Bancroft,
452

Haemophilia, F. Lenz, 360

Hafslo Lake, Norway, H. W. Monckton, 427

Hall Effect in Antimony, J. Becquerel and others, 691

Halos : Halo in the Ricefield, Profs. Fuchino and Izu, 419;
Halo in the Ricefield and the Spectre of the Brocken,
Alice Everett, s70; Halos surrounding Shadows of
Heads, J. Evershed, L. L. Fermor, 592; Rev. O.
Fisher, Dr. H. Franklin Parsons, L. Doncaster, 621 ;
the Water-surface Halo, Prof. A. M. Worthington,
C.B., F.R.S., 647

Hardness of Coins, Dr, T. K. Rose, 335

Hare, the Story of a, J. C. Tregarthen, 670

Harmonic Analysis : Corrections to apply to Arithmetic
Means of Groups of Periodic Observations, Y. Tsuiji,
286

Harrogate, Black’s Modern Guide to, edited by G. Home,

329

Health, Perfect, for Women and Children, Elizabeth S.
Chesser, 484

Heart Muscle Discs, H. E. Jordan and K. B. Steele,

92

Hen?: Method of” determining Ratio of the Two Specific
Heats of a Gas, A. Leduc, 325; Improved Joule Radio-
meter, F. W. Jordan, 375; Attainment of a Steady
State when Heat diffuses along a Moving Cylinder,
Miss A. Somers, 375; Specific Heat of Bodies at Low
Temperatures, J. Duclaux, 377; Latent Heats of
Evaporation and Maximum Pressures, A. Leduc, 613;
Expansion of Metals and Quartz, Dr. W. Bein, 657;
Heat Insulation, C. R. Darling, 709

Heaton’s Annual, 699

Helium : Absorption of Helium under Electric Discharge,
Hon. R. J. Strutt, 349; Appearance of Helium and
Neon in Vacuum Tubes, Sir J. J. Thomson, O.M.,
F.R.S., 645; F. Soddy, 654; Sir W. Ramsay, 653;
Prof. J. N. Collie, F.R.S., and H. S. Patterson, 653,

699

Heredity : Alternative Heredity of Mental Traits, Dr. F. A,
Woods, 317; Trait Book, Prof. C. B. Davenport, 317;
Apparent Fallacy in Statistical Treatment of “Ante-
dating” in Inheritance of Pathological Conditions,
Prof. K. Pearson, F.R.S., 334; Inheritance in Stocks,
Edith R. Saunders, 350; Eggs of Phasianus versicolor,
P. formosus, and of a Cross, Mrs. Rose Haig Thomas,
350; Ueber die krankhaften Erbanlagen des Mannes,
F. Lenz, 360; Inheritance of Self-sterility in Reseda
odorata, R. H. Compton, 376; Heredity and Eugenics,
W. E. Castle, J. M. Coulter, C. B, Davenport, E. M.
East and W. L. Tower, L. Doncaster, 458; Richt-
linien des Entwicklungs- und Vererbungs-problems,
Dr. A. Greil, L. Doncaster, 458; Human Heredity,
H. E. Jordan, 469 ; Inheritance of Fecundity in Fowls,
R. Pearl, W, E. Collinge, 526 ; Human Abnormalities,
Prof. H. E. Jordan, 626; Transmission of Environ-
mental Effects in Simocephalus wvetulus, W. E. Agar,
635; Heredity and Memory, Prof. J. Ward, 656;
Heredity, J. Arthur Thomson, 671 ; see also Mendelian

Herpetologia Europma, Dr. E. Schreiber, 339

Hertzian %Vaves. Use of Horizontal Wires for receiving,
P. Jégou, 273

Himalaya Mts., Origin of the, Col. S. G. Burrard, F.R.S,,

70,

Histor; of the Eastern Libyans, Oric Bates, 391; History
of Science, Importance of Autograph Documents in,
Dr. K. Loewenfeld, 402

Homo Sapiens, Dr. Giuffrida-Ruggeri, 483

Hong Kong University, 560

Hopi60ercmonies, H. R. Voth, Dr. A. C. Haddon, F.R.S.,
30

Horse : the Tarpan, Dr. O. Antonius, 59

Hull Museum, 137; T. Sheppard, 258

Human Remains of Pleistocene Period
Dawson, 390, 438

Humble-Bee, F. W. L. Sladen, 252

Humming Sounds due to Flies, Dr, E. E. Green, 708

Humus Formation by Interaction of Amino-acids with
Sugars, L. C. Maillard,

Hybrids : Echinus Eggs, J. Gray, 376; Hybridisation of
Echinoderms, 523

Hydrocarbons, Estimation of Acetylene in Mixtures of
Gaseous, P. Lebeau and A, Damiens, 717

in Sussex, C.
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Hydrocyanic Acid, New Group of Plants producing, M.
Mirande, 273

Hydrodynamics, A.B.C. of, Lieut.-Col. R. de Villamil, 275

Hydrogen : Explosion of Compressed Hydrogen, M. Lelarge,
325; Series of Lines in Spectrum of Hydrogen, Prof.
A. Fowler, 454; New Hydrogen Spectra, A. Fowler,
466 ; Zeeman Phenomenon in the Hydrogen Spectrum,
F. Croze, 561

Hydrography : Gulfs of Bothnia and Finland, Dr. R,
Witting, Mrs. Ellen Witting, 146; Observations in the
Tongue of the Ocean, G. H. Drew, D. J. Matthews,
350; Circular Currents in Sea of Japan, Dr. Wada, 550

Hydromechanics : Pressure of Fluids on Planes, Avanzini,
Col. de Villamil, 91 ; see also Mechanics

Hygiene : Cambridge University Press and Public Hygiene,

393

Hypnotism and Disease, Dr. H. C. Miller, 484

Hysteresis, Elastic, of Steel, Prof. B. Hopkinson and G.
Trevor-Willtams, 4o1

Remarkable Formation of Ice on a Small Pond,
A. S. E. Ackermann, 411; Ice-Ages, 445; Dr. R.
Spitalen, 657
Icebergs : Change of Temperature due to Melting of Ice-
bergs, Prof. H. T. Barnes, F.R.S., 408, 671; Tempera-
ture Observations from Steamers’ Log-books, 441 ;
Influence of Icebergs on Sea Temperature, Dr. ].
Aitken, F.R.S., 513; Iceberg Observation Vessel in
the Atlantic—the Scotia, 680, 706 ; Ice in Atlantic, 681 ;
Actual Conditions affecting Icebergs, W. Bell Dawson,

Ice:

700

Iceland, Highlands in, L. Wunder, 470; Marine Algal
Vegetation of Iceland, Dr. H. Jonsson, 645

Ido : Internaciona Biologial Lexiko, Dr. M. Boubier, 485

Illumination : Science of Illumination, Dr. L. Bloch, W. C.
Clinton, 315; Illuminating Engineering Society for
Germany, 365; Studies in Light Production, Dr. R. A.
Houston, 460 ; see also Lighting

Illuminator’s Palette from the Seventh to the Fifteenth
Century, Dr. A. P. Laurie, 399

Ilmenite from the Lengenbach Quarry, Prof. W. J. Lewis,

75

Immaigration and Anthropometry, 667

Immunisation against Staphylococcus pyogenes aureus,
Intestinal, J. Courmont and A. Rochaix, 717

Immunity, E. Abderhalden, 66

Index Zoologicus No. II., C. O. Waterhouse, D. Sharp,
F.R.S., 569

India : Agriculture in India, 115; Weather of India and
her Seas, W. E. Hurd, 171; Educational Appointments,
182 ; Visvakarma, Dr. A. K. Coomaraswamy, 257;
Report on Practical Education, Col. Atkinson and Mr,
Dawson, 297; Forest Cultivation in Tropical Regions,
A. F. Broun, 362; Meteorological Department, 387;
Data of Heavy Rainfall over Short Periods, 392 ;
Agricultural  Statistics, 441; Soil Fertility, Mr.
Coventry, 473; the Lushei Kuki Clans, Lieut.-Col. J.
Shakespear, 464; From the Black Mt. to Waziristan,
Col. H. C. Wylly, C.B., 464 ; Marriage Customs of the
Gehara Kanjars, W. Kirkpatrick, 481; Seedling Canes
in India, Dr. C. A. Barber : Agricultural Cattle, C. E.
Low; Catching Destructive Moths and Caterpillars,
E. J. Woodhouse and T. B. Fletcher; Yellow Fever
wia Panama Canal, F. M. Howlett, all 528; Indian
Guild of Science and Technology, 598: Black Cotton
Soils, Messrs. Harrison and Sivan, 626; Biological
Work in India, 685; Origin of the Himalaya Mts.,
Col. Burrard, F.R.S., 703; Theory of Isostasy in
India, Major H. L. Crosthwait, R.E., 703; Educa-
tional Policy, 715

Infantile Paralysis, see Poliomyelitis

Infection and’ its Control: Huxley Lecture, Prof. S.
Flexner, 289
Insect Pests: Prof. Theobald's Report, 174; Mexican

Cotton-boll Weevil, 339; Insect Porters of Bacterial
Infections, Dr. C. J. Martin, F.R.S., 577

Insects : Crayfish coated with Eggs of Hemipterous Insects,
Prof. J. F. Abbott, 139; “Souvenirs entomologiques,”
J. H. Fabre, 196 ; Cochineal Insects, E. E. Green, 230;
the Fig-tree and its Insect Guest, Dr. Ravasini, 310;

Bees shown to the Children, E. Hawks, 358; Dragon-
flies, F. F. Laidlaw, 376; Insect Intelligence, F,
Enock, 480; Pollination of Hardy Fruits, C. H.
Hooper, 91, 505

Instinct, 160

Institute of Chemistry: New Quarters, 57; Proceedings,

440

Institute of Metals: Autumn Meeting, 199

Institution of Civil Engineers: Awards for Papers, 196;
Presidential Address: R. Elliott-Cooper, 315

Institution of Electrical Engineers: Presidential Address,
W. Duddell, F.R.S., 345

Integration, New Theory, lirof. W. H. Young, 612

Inventions, Seven Most Wonderful, g1

Ionic Size in Relation to Molecular Physics and New Law
for Heats of Formation of Molecules, W. R. Bousfield,
401

Ionisation : Tonisation of Sulphuric Acid in dilute Aqueous
Solution, 507; lonisation Currents produced in Solids
by Gamma Rays, A. Zaroubine, 524 ; lonisation due to
Radiation reflected from Crystals, Prof. W. H. Bragg,
F.R.S., 572; Positive Ionisation produced by Platinum
and by certain Salts when Heated, Dr. F. Horton, 612

Ionomagnetic Rotation, Prof. Righi, 230

Ions : la Théorie des Ions et I'Electrolyse, A. Hollard, 567

Iridosmine, C. B. Horwood, 287

Iron: Ancient Iron Beams in India, H. G. Graves, 140;
Iron Ores and Bauxites of N.E. Ireland, 60o; a Nodule
of Iron Pyrites, Prof. H. L. Bowman, 613 .

Iron and Steel Institute’s Autumn Meeting : Production of
Sound Ingots, Sir R. Hadfield, F.R.S., Dr. H. Gold-
schmidt, Dr. J. E. Stead; Allotropy, Mr. Benedicks,
316

Isolation Hospitals, Report on, Dr. H. F. Rarsons, 285

Isomerism, W. Mecklenburg, 28y

Ivy, Dr. F. Tobler, 418

Jamaica Hurricane in November, 365

Japan : Japanese Cephalopods, S. S. Berry, 229; Japanese
Agriculture and Geographical Conditions, Miss E. C
Semple, 318; Imperial University of Tokyo, 479;
Climates of Japan, G. Ishida, 627

Junior Institution of Engineers: President’s Address, 452

Jupiter : Summary of Phenomena of Markings, W.
Denning, 6o; Observations, 393

Jurassic Plants from Cromarty, Prof. Seward and N.
Bancroft, 506

Katanga, Sleeping Sickness in the, F. O. Stohr, 33

Kathode, Influence of Nature of, on Length of érookes
Dark Space, F. W. Aston, 243

Kelvin's Water-dropper, Explanation, Dr. von Bernolak,
340

Kent's Cavern: Human Jaw from the Stalagmite, A. R.
Hunt, 134, 190; Prof. A.:Keith, 135; E. A. Parkyn,
281; What the British Caves might Tell Us, W. J.
Lewis Abbott, 382; Human Tooth in the Cave Earth,
A. R. Hunt, 649 .

Kimberley, Meteorology of, Dr. J. R. Sutton, 403

Kinemacolor, 508

Kinematics : Systémes Cinématiques, Prof. L. Crelier, 569

Kinematograph and Natural Science, L. Donaldson, 187;
Kinematograph Hand Camera: the “A#roscope,” K.
Proszynski, 712

King’s College, London: Opening of New Laboratories of
Bacteriology and Public Health, 289

Labrador Current, Effect on Temperature, Commander
M. W. C. Hepworth, C.B., 309

Lamprey, Breeding Habits of the Sea-, Dr. L. Hussahof,
549

Land, Common, and Inclosure, Prof. E. C. K. Gonner, 301

Language : Vocal Sounds of an Anthropoid Ape, L. Boutan,

325

Larne, Technical Instruction in, T. Clearkin, 532

Latitude Variation: Physical Cause of the z-Term, S.
Shinjo, 232; Latitude Variation and Change of Mean
Sea-level, Dr. F. Omori, 471 ; the Kimura Tern), 683
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Lead Concentrating Mill in New South Wales, S, C,
Bullock, 586

Leather Chemists’ Pocket-book, 360

Left-handedness, H. E. Jordan, 469

Legends of our Little Brothers, Lilian Gask, 331

Lens or Burning Glass? John Phin, 571

Lepidoptera : Experimental Researches on Variations in
Colouring, Dr. Arnold Pictet, F. Merrifield, 135; see
Butterflies

Leprosy in New South Wales, Dr. Thompson, 366

Libya Italica, P. V. de Regny, 330

Lichens, List of British, 392

Life, Mechanistic Conception of, Dr. J. Loeb, Prof. E. A.
Schifer, F.R.S., 327

Lifts in Palace in Ancient Rome, Prof. Boni, 7q9

Light :

General : Practical Exercises in Physiological Optics, Dr.
G. J. Burch, F.R.S., 187; Preston's “'I‘;'neory of
Light” : New Edition, 231; Mémoires sur 1’Electricité
et 1'Optique, A. Potier, 246; Treatise on Light,
Christiaan Huygens, Silvanus P. Thompson, 246;
Lehrbuch der Optik, P. Drude, Dr. E. Gehrcke, 567

Special : Sensitiveness of Selenium to Different Colours,
A. H. Pfund, 136; New Method of Measuring Velocity,
C. Féry, 299; Scattering and Absorption in Gaseous
Media with applications to Sky Radiation, L. V. King,
349; Emissivity of Gold, E. M. Stubbs and Dr.
Prideaux, 349; Optical Properties at the Critical Point,
C. Smith, 349; Application of Optical Methods to
Technical Problems of Stress Distribution, Prof. E. G.
Coker, 383; Chemical Effects of Light, W. A. Davis,
393; Halos surrounding Shadows of Heads, Profs.
Fuchino and Izu, 419; Miss A. Everett, 570; J. Ever-
shed, L. L. Fermor, 592; Dr. H. F. Parsons, .. Don-
caster, 621; on Water, Rev. O. Fisher, 621; Prof.
A. M. Worthington, C.B., F.R.S., 647; Self-testing of
Dispersion Apparatus, Prof. C. V. Burton, 435;
Luminosity in Plants, Prof. H. Molisch, 441; Optical
Properties of a Liquid submitted to Simultanegus
Action of Two Electric and Magnetic Fields, A. Cotton,
455; Microscope Improvements, 495; Double Refrac-
tion produced by Distortions of Elastic Bodies by
Volterra’s Theory, Prof. O. M. Corbino, s40; Light
Perception and Colour Perception, Dr, F. W. Edridge-
Green, 543; the Brocken Spectra, Miss A, Everett,
571 ; Microscopical Optics and Fluorite, C. Metz, 603 ;
Measurement of Torque produced by a Beam of
Light refracted through a Glass Plate, Dr. G. Barlow,
612 ; Refraction and Dispersion of the Halogens, &c.,
Clive and Maude Cuthbertson, 612; Absorption by
Inorganic Salts, A. R. Brown, 638; Light and Plant
Assimilation, A, Miintz, 664; Retinal Shadows, R. M.

_ Deeley, 504, C. W, Piper, 682

Lighting : Small Store Lighting in America, C. L. Law
and A. L. Powell, 3092; Studies in Light Production,
Dr. R. A. Houston, 460; Lighting of Factories, 577;
National Electric Lamp Association of Cleveland, 709 ;
see also Illumination

Lightning and Forest Fires, F. G. Plummer, 511; Lightning
Conductors and Telephone Wires, J. Violle, 717

Lincei, R. Accademia dei, Anniversary Meeting, 88

Linnean Society’s Reception : Address by Prof. Herdman,
F.R.S., 371

Linseed Cake. Prussic Acid from, Prof. Auld, 174

Lions in Ancient Sinhalese Art, 523; Dr. Joseph Pearson,
674

Lipoids : Estimation of Lipoids in Blood Serum, L. Grim-
bert and M. Laudat, 351; Physiological Properties, H.
Iscovesco, 428

Liquid Measurement by Drops, R. Donald, 612

Lister Memorial, 254, 364

Live Stock Journal Almanac, 492

Liverpool School of Tropical N?edicine: Expedition to West
Indies, 257

Load-extension Diagrams, Prof. W. E. Dalby, 690

Local Authorities’ Trading, D. Knoop, N. B. Dearle, 536

Local Government Board Report, 703

Logarithms, Genesis of, A. Ferguson, 259; Napier of
Merchiston'’s Centenary, 548

London Mathematical Society’s Council Election, 337

London School of Tropical Medicine : Dinner, 257

London, University College, New Pharmacological Labora-
tory, 420

Lough Neagh, see Plankton

Luminous Halos, see Halos

Madagascar Minerals and Gems, A. Lacroix, 97, 272, 613

Madras Museum, 170

Magnetisation of Water and of Oxygen, P. Weiss and A.
Piccard, 455; Constitution of Water and Thermal
Variation of its Magnetisation, A, Piccard, 507

Magnetism : Convection of lons produced by Magnetic
Rays, Prof. A. Righi, g1; lonomagnetic Rotation, a
New Phenomenon, Prof. Righi, 230; Junior Magnetism
and Electricity, Dr. R. H. Jude and Dr. J. Satterly,
246; Magnetic Rotation Spectrum of Bromine,
Ribaud, 325: Dead-heat Galvanometer with Moving
Needle, C. Féry, 376; Mean Magnetic Moment and
Energy of a Vibrating Magnet, Dr. J. R. Ashworth,
533; Magnetic Materials, Testing Method at the
Reichsanstalt, 627; Magnetic Behaviour of Iron, &c.,
under Oscillatory Discharge, Prof.. E. W..Marchant,
636; Additivity of Diamagnetism in Combination, P.
Pascal, 638; Variation of Magnetic Susceptibility with
Temperature, A. E. Oxley, 663; Magnetic Properties
of Alloys, 686

Magnetism, Terrestrial : Wireless Telegraphy and Terres-
trial Magnetism, Dr. C. Chree, F.R.S., 37; Origin of
the Earth’s Magnetic Field, Dr. L. A. Bauer, 286-7;
Magnetic Observations off East African Coast, 442;
New Theory of Magnetic Storms, J. Bosler, 471; Sun's
Magnetic Field, H. Deslandres, 551; Analytical Expres-
sion for Components of Diurnal Variation, G W.
Walker, 636; Zeeman Effect due to Magnetic Field at
Sun’s Surface, Dr. G. E. Hale, 682

Malaria in the Andaman Islands, Major Christophers, 549

Malay Peninsula, Geological History of, J. B. Scrivenor,
636

Maldive Islands, Anthropometric Data, Dr. Duckworth,
Dr. S. Gardiner, 376

Males, Fragility of, A. Pinard and A. Magnan, 664

Malta and the Mediterranean Race, R. N. Bradley, 464

Mammoth, Ivory Statuette of, found near Prerau, 138

Man and his Conquest of Nature, Dr. M. I. Newbigin, 131

Manchester School of Technology : Journal, 92 ; Manchester
Museum Extension, 285

Manometer, New Quartz, Dr. G. E. Gibson, 638

Manufacture of Cocoa and Chocolate, R. Whymper, 357;
Foods, Dr. Wm. Tibbles, 357

Maps : Bacon's New Globe with Contour Colouring, 161 ;
Erichsen’s Maps of Greenland, 258; Maps: How they
are made: how to read them, Prof. H. N. Dickson,
329; New “Contour” Wall Map of the Mediterranean
Lands, 360

Marine Biological Association of W. Scotland, 50; Marine
Biological Station at Port Erin, 629

Marine Biology, see Biology, Marine

Marlborough Country, the, H., C. Brentnall and C. C.
Carter, 157

Mathematical Physics applied to Medicine, Prof. S. Salaghi,
114

Mathematics : |

General : Fifth International Congress of Mathematicians

at Cambridge: Prof. E. W. Brown, Prince B.
Galitzin, Sir W. H. White, P. J. Harding, Sir J. J.
Thomson, Dr. A. N. Whitehead, G. E. St. L. Carson,
Dr. T. P, Nunn, Prof. C. Runge, 'Prof. D. E. Smith,
4; “Method” of Archimedes, Sir T. L. Heath,
28; Practical Mathematics, John Perry, F.R.S.,
34; Prof. G. H. Bryan, F.R.S.| 68; Place of
Mathematics in Erll.;{;ineering Practice : Cambridge
Lecture, Sir Wm. H. White, K.C.B., F.R.S., 95;
Mathematical Logic and Principles, P. E. B. Jourdain,
114; Manual Training Woodwork Exercises treated
Mathematically, F. E. Drury, 304 ; Scientific Worthies,
Prof. J. H. Poincaré, For.Mem.R.S., 353: Collected
Mathematical Papers, James J. Sylvester, F.R.S., 379;
Opere Matematiche del Marchese G. C. Dei T. di
Fagnano, sgo; the Teaching of Mathematics in
Secondary Schools, A. Schultze, 697
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Mathematics (continued) :

Branches : Genesis of Logarithms, A. Ferguson, 259;
Treatise on Plane Trigonometry, Prof. E. W. Hobson,
F.R.S., 275; Examples in Arithmetic, H. S. Hall and
F. H. Stevens, 275; a New Algebra, S. Barnard and
J. M. Child, 275; Fergusson's Percentage Unit of
Angular Measurement with Logarithms: Percentage
Theodolite and Compass, 275; Modification of Euclid’s
Method of Treating the Theory of Proportion, Prof.
M. J. M. Hill, F.R.S., 400; Quadratic Vector Func-
tions, Rev. T. Roche, 403; Napier of Merchiston's
Centenary, 548; Definition of a Curve, Takeo Wada,
550; Paul Gordan, 597; the New Theory of Integra-
tion, 612 ; Lectures on the Theory of Function of Real
Variables, Prof. J. Pierpoint, 642 ; Exercises in Modern
Arithmetic, H. Sydney Jones, 697; Notes on Algebra,
A. F. van der Heyden, 697; Higher Algebra for
Colleges and Secondary Schools, Dr. C. Davison, 697 ;
an Introduction to the Infinitesimal Calculus, Prof.
H. S. Carslaw, 697; see also British Association and
Geometry

Matter and Energy, F. Soddy, F.R.S., 187; the Energy
System’ of Matter, J. Weir, 187; the Synthesis of
Matter, Prof. B. Moore, 190

Mauritius Census, 441

Measuring Machine, Dr. P. E. Shaw, 349

Mechanical Pump for High Vacua on a New Principle, Dr.
W. Gaede, 198

Mechanics :

General : A.B.C. of Hydrodynamics, Lieut.-Col. R. de
Villamil, 275; Elementary Treatise on Statics, Prof.
S. L. Loney, 275; Mechanical Law and Purpose, Prof.
Sorley, A. D. Lindsay, 278; Theoretical and Practical
Mechanics, A. H. Mackenzie, 288 ; Laboratory Instruc-
tion Sheets, Prof. A. Morley and W. Inchley, 302;
Vegetable Mechanics, Rev. G. Henslow, 452 ; Manuale
di Fisica: Vol. i., Prof. B. Dessau, 538; Teaching of
Mechanics, G. F. Daniell, W. D. Eggar and others,
582

Special : Cylindrical Tunnel subjected to Earth Pressure,
Prof. A. F. Jorini, 92; Method of Studying Motion of
a Train during Acceleration, Prof. W. E. Dalby, 260 ;
Resistance to. Flow of Air through Pipes, Prof. A. H.
Gibson, 368; Principle of Relativity and Law of
Central Forces, M. Lémeray, 376; Elastic Hysteresis
of Steel, Prof. B. Hopkinson and G. Trevor-Williams,
401; Deviation of Law of Torsional Oscillation of
Metals from Isochronism, Prof. W. Peddie, 428;
Torsional Oscillation of Wires, J. B. Ritchie, 428;
(1) Law of Plastic Flow of a Ductile Material and
Phenomena of Elastic and Plastic Strains; (2) Kine-
matograph Illustrations of Twisting and Breaking of
large Wrought-iron and Steel Specimens, C. E. Larard,
453; a Column-testing Machine, Prof. E. G. Coker,
453 ; Loss of Energy at Oblique Impact of Two Con-
fined Streams of Water, Prof. A. H. Gibson, 4z4;
Stress Determinations, Prof. Coker, 498 ; Three Bodies
Problem, Prof. F. R. Moulton, 530; Tables of the
Weight of Air, Dr. S. Riefler, 565; Systémes Ciné-
matiques, Prof. L. Crelier, 5609; Specification of
Elements of Stress, R. F, Gwyther, 586; Resistance of
Spheres in Air in Motion, G. Eiffel, 561, Lord Ray-
leigh, 587 Elastic Stability, R. V. Southwell, 636

Mechanistic Conception of Life, Dr. J. Loeb, Prof. E. A.
Schiifer, F.R.S., 327

Medicine : Riberi Prize, 88; the Antigenic Bodies in the
Wassermann Reaction, A. Desmoulitre, 156; Medical
New Year Addresses, Mr. Grimsdale, Dr. Lazarus-
Barlow, Dr. Jane Walker, Dr. H. Rolleston, 166 ;
Technique of the Teat and Capillary Glass Tube and
its Applications, Sir A. E. Wright, F.R.S., R. T.
Hewlett, 218; Harveian Oration, Sir J. Goodhart, 228;
Infection and its Control, Prof. S. Flexner, 289;
Medical Research and Public Health, Sir Clifford
Allbutt, Dr, Bousfield, 304; Award of Beit Memorial
Fellowships for Medical Research, 447: Perfect Health
for Women and Children, Elizabeth S. Chesser, 484;
Hypnotism and Disease, Dr. H. C. Miller, 484;
British Medical Science at Ghent Exhibition, 584
Medical and Surgical Help for Shipmasters in the
Merchant Navy, W. J. Smith, Dr. Arnold Chaplin,

645 ; Scientific Work of the Local Government Board,

703

Mediterranean Lands : New Contour Wall Map, 360; Malta
and the Mediterranean Race, R. N. Bradley, 464

Melting Points of Minerals, A. L. Fletcher, 454

Mendelian Developments, Unsound, Prof. J. Wilson, 454

Mental Deficiency Bill, 389

Mentality of Nations, A. Macdonald, 321

Mercury : Constitution of Spectrum Lines, Prof. H.
Nagaoka and T, Takamine, 298; New Method of
Starting Mercury-vapour Apparatus, J. S. Anderson
and G. B. Burnside, 717

Metabolism and Mental Activity, o¢o; Metabolism
Lepidopterous Pupz, Prof. Griifin von Linden, 379

Metals : Autumn Meeting of the Institute of Metals, 199 ;
Solidification of Metals, Dr. G. T. Beilby, F.R.S., 199;
Intercrystalline Cohesion, Dr. Rosenhain and Mr.
Ewen, 200; Hardness of Annealed Metals, M. Hanriot,
272 ; Tempering of Metals, M. Hanriot, 299; Hardness
of Coins, Dr. T. K. Rose, 335; the Metals in
Antiquity : Huxley Memorial Lecture, Prof. W.
Gowland, F.R.S., 344; Ebur Calculator, 367; Metal-
lurgy of the Homestake Ore, Allan J. Clark and
W. J. Sharwood, 402 ; the Flotation Process as Applied
to the Concentration of Copper Ore at the Kyloe
Copper Mine, N.S.W., J. W. Ashcroft, 402 ; Deviation
of Law of Torsional Oscillation from Isochronism,
Prof. W. Peddie, 428; (1) Law of Plastic Flow of a
Ductile Material; (2) Kinematograph Illustrations of
Twisting and Breaking of large Iron and Steel Speci-
mens, C. E. Larard, 453; Modern Copper Smelting,
D. M. Levy, 484; la Cementazione dell’ Acciaio, Dr.
F. Giolitti, 568; ILead Concentrating Mill in New
South Wales, S. C. Bullock, 586; Blast-roasting of
Sulphide Ores, J. H. Levings, 586; Emission of
Particles by Heated Metals, D. M. Shaw, 504

Meteorites : Perseid Shower, W. F. Denning, g3; Origin
of Meteorites, I.. L. Fermor, 213; Perseids of August
12, 1912, Prof. Zammarchi, 232 ; Meteoritic Explosions

. and Shaking of Windows at Sunninghill, W. F.

Denning, 417; Air Currents at a Height of Fifty Miles
indicated by a Bolide, J. E. Clark, 480; Bright Meteor
reported, 494; Meteorites, Prof. Berwerth, 626

Meteorological Committee’s Report, 344

Meteorological Committee, International, 107

Meteorological Instruments : Angstrém Pyrheliometer and
Callendar Sunshine Recorder, J. Patterson, R.
Stupart, 28

Meteorological Observatories : Observations at the Rad-
cliffe, Oxford, 146: Sonnblick, 197; Montserrat,
Addendum to Report, 231; Deutsche Seewarte, 286;
Mount Rose, Sierra Nevada, Prof. Church, 550

Meteorology : Weather of 1912, C. Harding, 71, 3555i
Bremen, qt1; Geographical Distribution of Monthly
Range of Barometric Oscillation, W, Brockmdller, 94 ;
Vertical Distribution of Temperature over Hamburg,
Prof. Koppen and Dr. Wendt, ga; Storm Warning
Signals at Night, G. Ishida,. 197; Meteorology of
German Protectorates, 315; Geophysical Memoirs, 300 ;
Lehrbuch der kosmischen Physik, Prof. W. Trabert,
356; Meteorology of Kimberley, Dr. J. R. Sutton,
403 ; Scottish Meteorological Society : Report, 468:
Upper Air Investigations, Belgium, Batavia, and
Ontario, 474; Obituary of L. P. Teisserenc de Bort,
Dr. W. N, Shaw, F.R.S., 519; Barometer Manual for
Seamen, 579; Snowfall of the United States, C. TF.
Brooks, 585 : the Current Winter, Alex. B. MacDowall,
622 ; United States Meteorological Charts, 627; High
Ascent of the Italian Balloon “Albatross,” August 12,
1913: Dr. W, N. Shaw, F.R.S., 673: Metcorological
Conditions in a Field Crop, W. L. Balls, 716; see also
British Association, Rain, Weather, and Wind

Metric System : American Jewellers adopt Metric Carat,
312 ; Parliamentary Ignorance, 315

Michael Sars, the, Sir J. Murray, K.C.B., F.R.S., Dr. J.
Hjort, Dr. Allen, 221

Microbes and Toxins, Dr. E. Burnet, Dr. C. Broquet and
Dr. W. M. Scott, Prof. R. T. Hewlett, 188

Microbiology for Agricultural and Domestic Science
Students, Prof. C. E. Marshall, Prof. R. T. Hewlett,
189 :
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Micromanometer, A. Henry, 428

Micrometry, New Method, Prof. J. Joly, 506

Microscope : Royal Microscopical Society’s Conversazione,
235; Microscope Improvements, 495; Microscopical
Optics and Fluorite Objectives, C. Metz, 603

Micro-organisms and the Homestead, Prof. C. E. Marshall,
Dr. E. Burnet, Dr. C. Broquet and Dr, W. M. Scott,
W. Sadler, Prof. R. T. Hewlett, 188

Migrations between Australia and America, H. Hallier, 660

Mill : Tuberculosis and Milk, Prof. R. T. Hewlett, 281;
Combination of Calcium and Phosphorus in Casein of
Milk, L. Lindet, 325; Lancaster Report on Milk Tests
and Records, 366; Buffalo Milk in India, Messrs.
Meggitt and Mann, 523; Effect of Heavy Root
Feeding on Cows, Messrs. Lauder and Fagan, 5503
Milk, Dr. E. Pritchard, 578; Pasteurisation, Prof.
R. T. Hewlett, 623

Milky Way Dark Structures, Rev. T. E. Espin, 316;
Integrated Spectrum of the Milky Way, Dr. Fath, 551

Milliones Fish: Breeding-habits, E. G. Boulenger, 350;
Mosquito-destroying by, 685

Mine Valuation, Modern, M. Y B
Truscott, 460

Mineral Industries, Patent Office Subject List of Books on,
29, 314

Mineralogical Society, Council Election, 337

Mineralogy : Fortschritte der Mineralogie, Dr. G. Linck
and others, 58; American Mineral Statistics, 61 ; Mada-
gascar Quartz, Minerals and Gems, Lavas, A. Lacroix,
97, 272, 613; Mineralogy of Volcanoes of Reunion
Island, A. Lacroix, 127; Renfrewshire, R. S. Houston,
Prof. G. A. J. Cole, 159; Mineral Oxides, Simple
Method of preparing, M. Billy, 273; Dana'’s Manual of
Mineralogy, Prof. W. E. Ford, 286; Minerals from
Virtuous Lady Mine near Tavistock, A. Russell, 375;
Apparatus for preparing Thin Sections of Rock, Dr.
G. F. H. Smith, 376 ; Mineralogy of the Rarer Metals :
a Handbook for Prospectors, E. Cahen and W. O.
Wootton, 434; Melting Points, A. L. Fletcher, 454;
Mineral Composition of Cambridgeshire Sands and
Gravels, R. H. Rastall, 481; die Bildungsverhiiltnisse
der ozeanischen Salzablagerungen, J. H. van t'Hoff
and others, Prof. F. G. Donnan, F.R.S., 616

Miners’ Safety Lamps: Official Tests, 56

Mining : Physics and Chemistry of Mining, 2nd edition,
T. H. Byrom, 198; West of England Mining Region,
J. H. Collins, 278 ; Types of Ore Deposits, H. F. Bain,
278 ; the Flotation Process as applied to the Concen-
tration of Copper Ore at the Kyloe Copper Mine,
N.S.W., J. W. Ashcroft, 298; Mining School for South
Wales, 478; Tin Mines of New South Wales, J. L.
Carne, 497; Theodolites, I.. M. Cooke, 585; Mining
Hygiene and Rescue Lectures at Leeds University, 611;
see also Coal and Metals

Mistletoe, C. Mosley, Rev. J. Griffith, 589

Modern Problems, Sir O. Lodge, F.R.S., 248

Molecules, Tonic Size and New Law relating to Heats of
Formation of, W. R. Bousfield, 401

Monoplane Dangers, 89 ; Biplane versus Monoplane, 106

Montanic Acid and Derivatives, H. Ryan and J. Algar,
638

Montessori Method :  Scientific Pedagogy as Applied to
Child Education, Maria Montessori, Anne E. George,
99; the Montessori System, Dr. Theodate L. Smith,
486

Monuments : Ancient Stone Monuments, Prof. G. Elliot
Smith, F.R.S., 243; Rough Stone Monuments, T. E.
Peet, 566

Moon : the Moon and Poisonous Fish. E. G. Bryant, 305;
D. E. Hutchins, 382, 417, 655; Possible Changes of a
Lunar Hill, P. Stoian, 629

Morbology, see Disease and Pathology

Morphology of the Leaf in the Prunus Section, O. F. Cook,

197

Mosclle Valley, B. Dietrich, 4

Mosquitoes, New Species, Dr, *i*ovar, 112 ; Mosquitoes and
the Milliones Fish, 350, 685

Moth, Codling, A. G. Hammar, 418

Motor-omnibus, 525

Mountains and their Roots, Prof. Bonney, F.R.S.; Col.
Burrard, F.R.S.; Major Crosthwait, R.E., 703

Howard Burnham,

Municipal Trading, Principles and Methods of, D. Knoop,
N. B. Dearle, 536

Muscums : American Museum of Natural History, 1703
Peabody, Yale, 227; Hull Municipal, 228, 258;
Brooklyn, 258; Living Guides, J. H. Leonard, 258;
Museum Conference at Manchester, 312; Wales
National, 417; Halifax, W, B. Crump, 440; Museums
and the Classics, Rev. H. Browne, 599; Natural
History Society of Northumberland, &c., 626; see also
Natural History

Mushrooms and Poisonous Fungi, g1

Mutation : Cultural Bud Mutation of Solanum tuberosum
and immite, E. Heckel, 30, 299 ; Mutating (Enotheras,
Dr. R. R. Gates, 171, 350; Mutation Theory, Prof. H.
de Vries, 650

Mycetozoa, Colours of Plasmodia of some, K. Minakata,
220

Mycology, Economic, Prof. Salmon, 174

National Health Society Lecture: Tuberculosis, Prof.
Metchnikoff, 386

National Physical Laboratory, 387, 712

National Trust for Places of Historic Interest: Blakeney
Point in Norfolk, 389

Natural History Museum (British), 57, 169, 196; Working
Models of Gastropod Mollusca, 228; History, Dr. A.
Giinther, F.R.S.; Catalogues, G. S. Miller, W. R.
Ogilvie-Grant, Dr. ]J. H. Ashworth, 505

Natural Science Papers, 528

Naturalists, Early, Dr. L. C. Miall, F.R.S., 1

Nature : Nature-protection, 169 ; the Love of Nature among
the Romans during the Later Decades of the Republic
and the First Century of the Empire, Sir A. Geikie,
K.C.B., F.R.S., Prof. T. H. Warren, 185; Nature
Photography, S. C. Johnson, 189 ; Outdoor Philosophy,
S. D. Kirkham, 216; the Naturalist in Siluria, Capt.
Mayne Reid, 260; Twelve Moons, Frances Bardswell,
304; Practical Utility of Phenological Observations,
R. H. Hooker, 524 ; Moving Pictures of P. J. Rainey’s
East African Hunt at Holborn Empire, 547; Transla-
tion of Aristotle’s “De Motu Animalium de Incessu
Animalium,” A. S. L. Farquharson, 6o1 : the Story of a
Hare, J. C. Tregarthen, 670; the Spiritual Interpreta-
tion of Nature, Dr. J. Y. Simpson, 695

Nature Reservations: Swiss National Park, 224; Nature
Reservation at Blakeney Point in Norfolk, 389 ; Society
for Promotion of Nature Reserves, 467

Nautical Astronomy, W. P. Symonds, 617

Nautilus Pearls, Dr. H. L. Jameson, 191; Prof. S. J.
Hickson, F.R.S., 220

Navigation : Fergusson’s Percentage Theodolite and Com-
pass, &c., 275; Navigation at the Royal Technical
College, Glasgow, 684

Nebulie and Clusters photographed at the Lick, 341 ; Spectra
of Nebulay, J. Meunier, 664

Negative After-images with Pure Spectral Colours, Dr.
G. J. Burch, 612

Neolithic Man, Antiquity of, J. Sinel, 70; A. L. Leach,

1

“Nepg?, Picturesque,” Percy Brown, 544

Neptune, Diameter of, Dr. G. Abetti, 29

Nervation of Plants, F. G. Heath, Dr. F. Cavers, 432

Nervous Rhythm arising from Rivalry between Antagon-
istic Reflexes, Prof, C. S. Sherrington, 716

New Guinea: the Mekeo People, R. W. Williamson, 324;
British New Guinea, J. H. P.. Murray, 544

New South Wales, A, W. Jose and others, 382

New Zealand: Jubilee of the Canterbury Philosophical
Institute, 282; Earlier Mesozoic Floras, Dr. Krber.
481; New Zealand Geology, Dr. P. Marshall, 590

Nickel, Changes of Electrical Resistance in Cross-magnetic
Fields, Dr. C. G. Knott, 664

Nitric and Nitrous Acids, Action of Temperature on
Equilibrium of, E. Briner, 507

Nitrifying Organisms : Azotobacter, A, Prazmowski, 549

Nitrites, Alkaline, M. Ostwald, 507

Nitrogen, Fixation of Atmospheric, Dr. Eyde, Dr. Bernth,
sen, Prof. Morgan, 194

Nobel Prize for Medicine, 195; Nobel Prizes, 311
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Nomenclature at the Zoological Congress, Prof. T. D. A.
Cockerell, 648
Nomogrammes de 1'Ingénieur, R. S. de la Garza, 302

Nuclease, Influence of Temperature on, E. C. Teodoresco,

127
Nutritional Value of Green Vegetables, 285; Nutritional
Physiology, Prof. P. G. Stiles, 668

Qak, the: its Natural History, Antiquity, and Folk-lore,
C. Mosley, Rev. J. Griffith, 589

Ocean : Science of the Sea, Dr. G. H. Fowler, 34; the
Depths of the Ocean : Researches of the Michael Sars,
Sir J. Murray, K.C.B., F.R.S,, Dr. J. Hjort, Dr. E. J.
Allen, 221

Oceanic Salt Deposits, J. H. van t'Hoff and others, Prof.
F. G. Donnan, F.R.S., 616

(Enotheras : Miss Anne M. Lutz, 113; Peculiar Develop-
ment in (Enothera, Dr. R. R. Gates, 171; Mutating
(Enotheras, Dr. R. R. Gates, 350

Oils: Oil for Burning and for Exploding in Engines,
Costs, C. E. Stromeyer, 287; Essential Oils and Per-
fumery, 493; Drying Oils: Chinese Wood Oil, Dr.
R. S. Morrell, 494; Wyoming Oil Fields, E. G.
Woodruff, C. H. Wegemann, 659

Oligochaeta, S. African, Dr. E. S. Goddard and D. E.
Malan, 403

Olympia, International Aéro Exhibition at, 702

Omaha, Significance of Life to the, Miss Alice Fletcher,
Dr. A. C. Haddon, F.R.S., 234

Optic Axial Angle of Thin Crystals, Determination of, H.
Collingridge, 612

Optical Methods applied to Technical Problems of Stress
Distribution, Prof, E. G. Coker, 383; Optical Activity
and Enantiomorphism of Molecular and Crystal
Structure, T. V. Barker and J. E. Marsh, 612 ; Optical
Load-extension Indicator, Prof. W. E. Dalby, 690

Optics, see Light

Orang-utan’s “Nest,” 339

Orchids New to E. Sussex, E, J. Bedford, 452

Ore Deposits, Types of, H. F. Bain, 298

Organic Analysis, a Handbook of, H. T. Clarke, 158

Oriental Sore, Capt. W. S. Patton, 112

Origin of Civilisation, Rt. Hon. Lord Avebury, 565

Oscillations et Vibrations, A. Boutaric, 187

Osmosis : Osmotic Pressure and Theory of Solutions, Prof.
A. Findlay, 497; Osmotic Pressures in Plants, Prof.
H. H. Dixon and W. R. G. Atkins, 506; Reactions
accompanying Osmosis of Hydrogen through Iron, G.
Charpy and S. Bonnerot, G64; Osmosis in Soils, Dr.
Lynde and F. W, Bates, 682

Ostracoda (das Tierreich), G. W. Miiller, 358

Ostrich : Aspergillosis in the Ostrich in S. Africa, J.
Walker, 403; Caponising the Ostrich, Mr. Fitzsimons,

52
Outdo:r Philosophy, S. D. Kirkham, 216
Oxford Country, R. T. Giinther and others, 131
Oxidations and Reductions in the Animal Body, Dr. H. D.
Dakin, sro ;
Oxides, Method for preparing Mineral, M. Billy, 273
Oysters, Bacterial Purification of, E. Bodin and F. Crevrel,

639

Paisley Naturalists’ Society Transactions: Mineralogy of
Renfrewshire, R. S. Houston, Prof. G. A. J. Cole, 159

Palaearktischen Hemipteren, Katalog der, B. Oshanin, 513

Palaobotany : American Lepidostrobus, Prof. J. M. Coulter
and Dr. Land, 113; Glacial Flora of Baden, Dr. P.
Stark, 339; Petrifactions of the Earliest European
Angiosperms, Dr, Marie C. Stopes, 436; Indian
Jurassic Gymnosperms, Miss N. Bancroft, 452 ; Earlier
Mesozoic Floras of New Zealand, Dr. Arber, 481 ; Root
of Lyginodendron, Prof. F. E, Weiss, 506; Jurassic
Plants from Cromarty, Prof. Seward and N, Bancroft,
506; Fossil Cycadean Stem from Timperley, T. A.
Coward, 533

Palmohistology : Structure of Bone in Fishes, E. S. Good-
rich, 453 ;

Palzolithic Man : Discovery of Clay Figurines in a Cave,
Count Begouen, 283 ; Sussex Discovery, 438

Palaontology : Extinct Marsupials from Balladonia, West
Australia, go; Reconstruction of Extinct Vertebrates,
Dr. F. Koénig, 139; Eobatrachus agilis from Upper
Jurassic, Prof. R. L. Moodie, 139; New Plaster Casts
of Fossil Reptiles at British Museum (Natural History),
169 ; American Permian Vertebrates, Prof. S. W,
Williston, 215; Fish Remains from Boring at Southall,
227; Larger Coal Measure Amphibia, D. M. S.
Watson, 298; Gigantic Dinosaur, Tyrannosaurus rex,
Prof. H. F. Osborn, 313; Kent's Cavern, W. J. L.
Abbott, 382; S. American Iniidee, Prof. True, 418;
Herrings in Tertiary Deposits in Guinea, Dr. C. R.
Eastman, 578; Toad from Como Jurassic of Wyoming,
Dr. Moodie, 509 ; das Aussterben diluvialer Siugetiere,
Dr. W. Soergel, 622; Skeleton of Ornithodesmus
latidens from Wealden Shales in Isle of Wight, R, W.
Hooley, 716

Palestine, Geology, &c., of, Prof. Max Blanckenhorn, 165

Panama : Aboriginal Tribes, 138; Panama Canal Zone
Biological Survey, 313; Panama Canal and Land-
slides, Dr, V. Cornish, 657

Papua or British New Guinea, J. H. P. Murray, 544

Parallax : Solar, Prof. Doolittle, 199; Stellar, Groningen
Catalogue, 60; of Southern Stars, Dr. F. L. Chase and
M. F. Smith, 552

Paramoecium aurelia, Pedigreed Culture of, L. L. Wood-
ruff, 171

Parasites : Cysts of Carini in the Rat, M. and Mme. P.
Delanoé, 213 ; Parasite of Earthworms, J. W. Cropper,
350; Parasites of Scoter Duck and their relation to
Pearl-inducing Trematode, 376; Gregarine in Mid-gut
of Bird-fleas, Dr. J. H. Ashworth and Dr. T. Rettie,
479; Rhizobium radicicola and the Pea, M. Molliard,
go7; New Parasites of Marsupials, Dr. S. J. Johnston,
65

Parathyroid Glands, L. Morel, 66

Paris Academy of Sciences: Prize Awards, 406; Bonaparte
Fund, 554

Pasteurisation of Milk, Prof. R. T. Hewlett, 622

Pathology : Harveian Oration, Sir J. Goodhart, 228

Pearls: Pearl from Nautilus, Dr. H. L. Jameson, 191;
Prof. S. J. Hickson, F.R.S., 220; Pearls, Prof. E
Korschelt, 578

Pellagra, 467

Pendulum Experiments in Alsace-Lorraine, Dr. E. Becker,

172
Per-acids and their Salts, Dr. T. S. Price, 217
Periodical Publications, Catalogue of, in Library of (1) the
Royal Society, 161; (2) of University éol]ege. 16
Newcombe, 161
Periodicity in Plants, P. A. Robertson and Miss Rosalind
Crosse, 428
Petrol Fire Extinction, 682
Pharmaceutical Chemistry and Therapeutics: Merck’s
Annual Report, 368; Adrenaline and Glycemia, H.
Bierry and Mlle. Fandard, 691 :
Pharmacological Laboratory, New, at University College,
London, 420
Pheasant, Food of, P. H. Grimshaw, 475
Phenology : Plea for Nature-study, R. H. Hooker, 524;
Precocity of Spring Flowers, Eleonora Armitage, Lady
Lockyer, Edith How Martyn, 543 ; Flowers in January,
. W. Watson, 622 !
Philippines : the Head Hunters of N. Luzon, D. C.
Worcester, 229
Philosophy : Outdoor Philosophy : the Meditations of a
Naturalist, S. D. Kirkham, 216; Composition of
Matter and Evolution of Mind, D. Taylor, 216;
Modern Problems, Sir O. Lodge, F.R.S., 248 ; Scientific
Method, F. W, Westaway, 277: Alle Fonti della Vita,
Dr. Wm. Mackenzie, A, E. Crawley, 380; Conscious-
ness of the Universal and the Individual, Dr. F.
Aveling, 695 ; Science and the Human Mind, W. C. D.
Whetham, F.R.S., and Catherine D. Whetham, 695 :
Note-books of Samuel Butler, H. F. Jones, 695;
Spiritual Interpretation of Nature, Dr. J. Y. Simpson,
605; Questions of the Day in Philosophy and
Psvchologv, Dr. H. L. Stewart, 665; Kausale und
konditionale Weltanschauung, Max Verworn, 698
Phosphoric Acids and their Alkali Salts, Constitution, A.
Holt and J. E. Myers, 533
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Phosphorus, Detection of Free White P. in P. sesqui-
sulphide, T. Schloesing, jun., 507

Photochemistry of the Future, Prof. G. Ciamician, 230;
Relation of Velocity of Photochemical Reaction to
Incident Radiant Energy, M. Boll, 587

Photographic Equatorials, Orientation of, E. Esclangon,
272 ; Photographic Transit Observations, R. Triimpler,
62

Photoggraphy: Nature Photography, Stanley C. Johnson,
Prof. R. T. Hewlett, 189; Photography by Artificial
Light, J. S. Dow, 367 ; Photographic Diary, 442 ; Tele-
photography, C. F. Lan-Davis, 461; Northern Photo-
graphic Exhibition, 522; Action of Inks on the Photo-
graphic Plate, G, de Fontenay, 561; Integrating
Opacimeter for Stellar Photographs, J. Baillaud, 587;
Photography of To-day, H. Chapman Jones, 644

Photo-mechanical Process, New, A. E. Bawtree, 29

Phylogeny : Zur Phylogenie der Primulaceenbliite, Dr. S.
Thenen, 381

Physical Apparatus: Instrument for Detection of Com-
bustible Gases in Air, A. Philip and L. J. Steele, 114;
Rainbow Cup, C. V. Boys, 579

Physical Institute, New International, Prof. E. Rutherford,
F.R.S., 545

Physical Laboratories: Jefferson Physical Laboratory of
Harvard, 172 ; National Physical Laboratory, 712

Physical Society : Eighth Annual Exhibition, 390; Election
of Officers, 706

Physics :

General : William Higgins and the Imponderable Ele-
ments, 103 ; Matter and Energy, F. Soddy, F.R.S., 187;
the Energy System of Matter, J. Weir, 187; L. Donald-
son, 187; Physik, Prof. H. Béttger, 187; Becquerel
Memorial Lecture at the Chemical Society, Sir O.
Lodge, 232; an Introduction to Practical Physics for
Colleges and Schools, Prof. E. H. Barton and Dr.
T. P. Black. 246; Intermediate Physics, Prof. W.
Watson, F.R.S., 246; Lehrbuch der Physik, Prof. E.
Riecke, 246; Physik in graphischen Darstellungen, F.
Auerbach, 246; Physics of the Universe, Prof. W.
Trabert, E. Gold, 356; Physikalisch-technische
Reichsanstalt : Work in 1911, E. S. Hodgson, 446;
the Boy’s Playbook of Science, J. H. Pepper, Dr. J.
Mastin, 538; Manuale di Fisica ad Uso tfellc Scuole
Secondarie e Superiori, Prof. B. Dessau, 538; Collected
Papers, Prof. James Thomson, F.R.S., Sir J. Larmor,
Sec.R.S. and James Thomson, Prof. J. Perry, F.R.S.,
563; a Handbook of Physics, W. H. White, 567; a
Course of Physics, Dr. C. H. Draper, 567

Special : Properties of Water and of Mercur
Pressures at different Temperatures, Dr. Bridgeman,
172 ; the Cinematograph and Natural Science, L.
Donaldson, 187; Oscillations et Vibrations, A.
Boutaric, 187; Kinetic Theory of Ionised Gases and
Carnot’s Principle, M. Gouy, 272; Some Unclassified
Properties of Solids and Liquids, A. Mallock, 349;
Remarkable Formation of Ice on a Pond, A. S. E.
Ackermann, 411; Simultaneous Action of Gravity and a
Uniform Magnetic Field on an Ionised Gas, M. Gouy,
428; C. G. Darwin, 429; Breath Figures, Lord Ray-
leigh, O.M., F.R.S., 436; Dr. J. Aitken, F.R.S., 619;
Equation of State, Prof. Onnes and Dr. Keesom, 493 ;
Emissian of Particles by Heated Metals, D. M. Shaw,
504 ; Optical Activity and Enantiomorphism of Mole-
cular and Crystal Structure, T. V. Barker and J. E.
Marsh, 612; Determination of Vapour Densities at
High Temperatures and a New Manometer, Dr. G. E.
Gibson, 638; Interpretation of Radium, F. Soddy, 671;
Studies in Radio-activity, Prof. W. H. Bragg, F.R.S.,
694

See also British Association and branch headings

Physiography : Monograph on the Sub-Oceanic Physio-
graphy of the N. Atlantic Ocean, Prof. Ed. Hull,
F.R.S., Prof. J. W. W. Spencer, 32; Physiography for
High Schools, A. L. Carey and others, Prof. G. A. J.
Cole, 159; New South Wales, A. W. Jose and others,
382

Physiological Chemistry, Dr. L. Pincussohn, 592

Physiological Optics, Practical Exercises in, Dr. G. J.

Burch, F.R.S., 187; Retinal Shadows? R. M. Deeley,

504; C. Welborne Piper, 682 ; see also Colour Vision

at High

Physiology : Schutzfermente des tierischen Organismus, E.
Abderhalden, 66; les Parathyroides, L. Morel, 66; le
Gott et 1'Odorat, J. Larguier des Bancels, 66;
Physiology of Protein Metabolism, Dr. E. P. Cathcart,
66; Late Awakening of Bulbar Centres, P. Bonnier,
377 ; Assimilation of Nitrogen by Pupz, Prof. Griifin
von Linden, 379; Richtlinien des Entwicklungs- und
Vererbungs-problems, Prof. A, Greil, A. E. Crawley,
380; Destruction of Alkaloids by Body Tissues, 523;
Experimental Physiology, Prof. E. A. Schiifer, F.R.g..
539 ; Internal Secretion and the Ductless Glands, Prof.
Swale Vincent, 569; Physiology of Printing, 651;
Influence of Resilience of the Arterial Wall, S. R. Wells
and L. Hill, 662; New Ganglion in the Human
Temporal Bone, A. A. Gray, 662; Nervous Rhythm
arising from Rivalry between Antagonistic Reflexes,
Prof. C. S. Sherrington, 716; Liberation of Ions and
Oxygen Tension of Tissues, Dr. H. E. Roaf, 716; see
also British Association

Physiology, Nutritional, Prof. P. G. Stiles, 668

Physiology, Plant: Ueber eine Methode zur direkten
Bestimmung der Oberfliichenspannung der Plasmahaut
von Pflanzenzellen, F. Czapek, F. F. Blackman, 2o01;
Influence of Removal of the Sex Organs on Formation
of Sugar in Stems of Maize and Sorghum, E. Heckel,
272 Respiration in Plants, L. Maquenne and E.
Demoussy, 273, 428, 455, 586; Urea, R. Fosse, 299;
Influence of Temperature on Absorption of ‘Water by
Seeds, Prof. A. J. Brown and F. P. Worley, 350;
Periodicity in Plants, R. A. Robertson and Miss R.
Crosse, 428; Luminosity in Plants, Prof. H. Molisch,
441; die Reizbewegungen der Pflanzen, Dr. E. G.
Pringsheim, 483; the Cotton Plant in Egypt, W. L.
Balls, 667

Pianoforte Touch, Dynamics of,

wSey 716 .

Pigmenis used in Illuminated MSS., Dr. A. P. Laurie, 399

Pipes, Resistance to Flow of Air through, Prof. A. H.
Gibson, 368

Plaice Fisheries of the North Sea, 283

Planets and their Satellites, Origin of, Kr. Birkeland, 324;
C. Stérmer, 428

Plankton Investigations, 94; Plankton of Sydney Water-
supply, G. 1. Playfair, 213 ; Plankton of Lough Neagh,
W. J. Dakin and Miss Latarche, 402 ; Plankton from
Christmas Island, G. P. Farran, 690

Plant Growth: Stimulation of Plant Growth, Prof. H. E.
Armstrong, 113; Action of Coumarin, Vanillin, and
Quinone on Plant Growth, Drs, Schreiner and Skinner,
74 ; Influence of Uranium and Lead on Plant Growth,.
. Stoklasa, 587

Plants : Photochemical Action on Plants, Prof. G.
Ciamician, 230 ; Plants producing Hydrocyanic Acid, M.
Mirande, 213, 273; Irritability, Dr. E. G. Pringsheim,
483 ; Osmotic Pressures in Plants, Prof. H. H. Dixon
and W. R. G. Atkins, 506; Plant Assimilation and
Light, A. Miintz, 664 ; see also Physiology, Plant

Platinum : Reported Discovery near Nelson in British
Colu'mbia Discredited, 231; Diffusive Power of
Platinum Black, C. Féry, 455

Platypus, J. A. Kershaw, 492

Pliocene, Marine Molluscs in West European, Dr. J. P,
Tesch, 230

Pneumocysts of Carini in Rats, M. and Mme. P. Delanog,
213

Poisonous Fungi, 91; J. Parisot and M. Vernier, 184

Poliomyelitis, Prof. S. Flexner, 289

Polymerisation of Butadiene and Isoprene, Prof. W. H.
Perkin, Prof. Morgan, 194

Polymorphism in a Group of Mimetic Butterflies of the
Eﬂl\ziog:ian Genus Pseudacrea, Prof. E. B. Poulton,
F.R.S., 37

Polynesian Migrations, Prof. J. M. Brown, 590

Port Erin Marine Biological Station, 629

Portuguese Man-of-war and a Giant Spider-crab in the
English Channel, J. H, Orton, 700

Positive Rays applied to Chemical Problems, Sir J. e
Thomson, 663

Potassium, Estimation of, in Fertilisers and Soil Extieicts,
W. A. Davis, 441

Potato Spraying, Mr. Mackintosh, 174

Prof. G. H. Bryan
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Pottery, see Ceramic

Poultry : the Beginner in Poultry, C. S. Valentine, 486

Prawn, Blind, of Galilee, Dr. N. Annandale, 251

Precipitation of Salts by corresponding Acids, I. Masson,
506

Pressure, Effect due to Sudden Great Increase of, W. G.
Royal-Dawson, 569

Prickly Pear in W. China, T. D. A. Cockerell, 464

Primeval Man: the Stone Age in W. Europe, Mrs. A.
Hingston Quiggin, Rev. J. Griffith, 512, 572

Primulacez, Phylogeny of, Dr. S. Thenen, 381

Printing, Physiology of, 651

Prize Awards : Nobel, 195, 311; Paris Academy of Sciences,
496

Prizes Offered : by Royal Academy of Sciences of Naples,
20l. for Researches on Algw, 257; by Turin Academy,
60l. (1500 lire) for work on Avogadro’s Law, 257; b
Rotterdam Society, 312; by Dorset Field Club for
paper on Petroleum Oil, 390; by the Paris Academy of
Sciences in 1914, 583 ; for Security of Aéroplanes, 664

Procryptic Coloration a Protection against Lions, F. C.
Selous, R. I. Pocock, F.R.S., 503

Production and the Public Revenue, Dr. N. G. Pierson,
A. A. Wotzel, N. B. Dearle, 431

Protection of Scenery, Antiquities, &c., Prof. Bock and
others, 58

Protective Coloration in Animals, Prof. W. L. McAtee,
138; A. H. Thayer, 196; F. C. Selous, R. I. Pocock,
F.R.S., 503

Protein Metabolism, Physiology of, Dr. E. P. Cathcart, 66

Provence, les Alpes de, G, Tardieu, 329

Pseudovitellus, 197

Psycho-analysis, Dr. E. Jones, 695

Psychology : an Introduction to Psychology, Prof. W,
Wundt, Dr. R. Pintner, 216; Anales de Psicologia,
277: Purpose and Mechanism, Prof. Sorley, A. D.
Lindsay, 278; Richtlinien des Entwicklungs- und
Vererbungs-problems, Prof. A, Greil, A. E. Crawley,
380; Significance of Ancient Religions, Dr. E. N.
Reichardt, 407; the Fundamentals of Psychology, B.
Dumville, 695; Questions of the Day, Dr. H. L.
Stewart, 695

Psychology, Animal: Evolution of Animal Intelligence,
Prof. S. J. Holmes, 160; Tierpsychologisches Pralti-
kum in Dialogform, Prof. K. C. Schneider, A. E.
Crawley, 380

Psychotherapy, Dr. H. C. Miller, 484

Public School Science Masters’ Association : Presidential
Address by Sir A. Geikie, K.C.B., Pres.R.S., 555

*Pulmonary Circulation, Duration of the, J. P. Langlois and
G. Desbouis, 428
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Prof. E. Cohen, editors), Untersuchungen {iber die
Bildungsverhiltnisse der ozeanischen Salzablagerungen
insbesondere des Stassfurter Salzlagers, Prof. F. G.
Donnan, F.R.S., 616

Houston (R. S.), Transactions of the Paisley Naturalists’
Society : Notes on the Mineralogy of Renfrewshire,
Prof. G. A. J. Cole, 159

Hull (Prof. Edward, F.R.S.), Monograph on the Sub-
Oceanic Physiography of the N. Atlantic Ocean, with
a Chapter on Sub-Oceanic Physical Features by Prof.
J. W, W. Spencer, 32

Marshall (Dr. P.), Geology of New Zealand, 590

Murray (Sir J., K.C.B., F.R.S.) and Dr. ]J. Hjort, “the
Depths of the Ocean”: Researches of the Michael
Sars, Dr. E. J. Allen, 221

Rabot (C.) and E. Muret, les Variations Périodiques des
Glaciers : Report, 490

Reynolds (Prof. S. H.), a Geological Excursion Hand-
book for the Bristol District, 278

Schwarz (Prof. E. H. L.), South African Geology,

0

Seggrle (A. B.), an Introduction to British Clays, Shales,
and Sands, 278

Stissmilch (C. A.), Introduction to the Geology of New
South Wales, 590

Tolman (C. F., jun.), Graphical Solution of Fault
Problems, 278

United States, Mineral Resources, Calendar Year 19i10:
Part i., Metals: Part ii., Non-metals, 61

United States Geological Survey Bulletins, 659

Mathematics and Physics :

Aquino (Lieut. R. de), the “Newest ” Navigation Altitude
and Azimuth Tables for Facilitating the Determination
of Lines of Position and Geographical Position at
Sea,

Auer6bach (Felix), Physik in graphischen Darstellungen,
2

4

Baker (W, M.) and A. A. Bourne, a New Geometry, 275

Barnard (S.) and J. M. Child, a New Algebra, 275

Barton (Prof. E. H.) and Dr. T. P. Black, an Introduc-
tion to Practical Physics for Colleges and Schools, 246

Beaven (C. L.), Solutions of the Examples in Godfrey
and Siddons’s “Solid Geometry,” 275

Bittger (Prof. H.), Physil, 18’7

Bonola (Prof. Roberto), Prof. H. S. Carslaw, Non-
Euclidean Geometry : a Critical and Historical Study
of its Development, 697

Boutaric (A.), Oscillations et Vibrations, 187

Bragg (Prof. W. H., F.R.S.), Studies in Radio-activity,

Bl.|6l’9(3\ (Dr. G. J., F.R.S.), Practical Exercises in Physio-
logical Optics, 187

Cameron (A. T.), Radium and Radio-activity, 567

Carslaw (Prof. H. S.), an Introduction to the Infinitesimal

. Calculus, 69{ '

Crelier (Prof. L.), Systémes Cinématiques, 569

Czapek (Prof. F.),  Ueber eine Methode zur direkten
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Reviews and Our Bookshelf (continued) :

Bestimmung der Oberflichenspannung der Plasmahaut
von Pflanzenzellen, Prof. F. F. Blackman, 201

Davison (Dr. Charles), Higher Algebra for Colleges and
Secondary Schools, 697

Delambre (J. B. J.), Grandeur et Figure de la Terre, 101

Dessau (Prof. B.), Manuale di Fisica ad Uso delle Scuole
Secondarie e Superiori, 538

Donaldson (L.), the Cinematograph and Natural Science,
18

Drager (Dr. C. H.), a Course of Physics: Practical and
Theoretical, 567

Drude (Dr. Paul), E. Gehrcke, editor, Lehrbuch der
Optik, 567

Drury (F. E.), Manual Training Woodwork Exercises
Treated Mathematically, 304

Eiffel (G.), Nouvelles Recherches Expérimentales sur la
Résistance de 1’Air et I'Aviation, 677

Erskine-Murray (Dr. J.), Handbook of Wireless Tele-
graphy, 645

Fagnano (Marchese G, C. dei Toschi di), Opere
Matematiche, 590

Fergusson (J. Coleman), Fergusson’s Percentage Unit of
Angular Measurement, with Logarithms : also Descrip-
tion of his Percentage Theodolite and Compass, 275

Godfrey (C., M.V.0.) and A. W. Siddons, a Shorter
Geometry, 275

Greenhill (Sir G.), the Dynamics of Mechanical Flight :
Lectures delivered at the Imperial College of Science,
Prof. G. H. Bryan, F.R.S., 535

Hall (H. S.) and F. H. Stevens, Examples of Arithmetic,

275

Henderson (Prof. A.), the Twenty-seven Lines upon the
Cubic Surface, 501

Heyden (A. F. van der), Notes on Algebra, 697

Hobson (Prof. E. W., F.R.S.), a Treatise on Plane
Trigonometry, 275

Hollard (A.), la Théorie des Tons et 1'Electrolyse, 567

Houston (Dr. R. A.), Studies in Light Production, 460

Huygens (Christiaan), Silvanus P. Thompson, Treatise
on Light, 246

Jones (H. Sydney), Exercises in Modern Arithmetic, 697

Jude (Dr. R. H.{ and Dr. J. Satterly, Junior Magnetism
and Electricity, 246

King (Willford 1.), Elements of Statistical Method, 33

Lamb (C. G.), Examples in Applied Electricity, 538

Lan-Davis (C. F.), Telephotography, 461

Loisel (J.), Atlas Photographique des Nuages, 280

Loney (Prof. S. L.), an Elementary Treatise on Statics,

275

Maclean (Prof. M.), Electricity and its Practical Applica-
tions, 567

McLeod (Dr. Ch.), Lessons in Geometry, 275

Mill (Dr. H. R.), British Rainfall, 1911, 192

Pepper (J. H.), Dr. J. Mastin, the Boy’s Playbook of
Science, 538

Pierpoint (Prof. J.), Lectures on the Theory of Functions
of Real Variables, Vol. ii., 642

Potier (A.), Mémoires sur I'Electricité et 1'Optique, 246

Ramsay (Sir W., K.C.B., F.R.S.), Elements and Elec-
trons, 56

Riecke (Prof. Eduard), Lehrbuch der Physik, 246

Riefler (Dr. S.), Tables of the Weight of Air 7%, of the
Air-pressure Equivalents g%, and of the Gravity g, in
German, French, and English, 565

Salmon (Dr. George, F.R.S.), R. A, P. Rogers, a
Treatise on the Analytical Geometry of Three Dimen-
sions, 275

Schott (Dr. G. A.), Electromagnetic Radiation and the
Mechanical Reactions arising from it, 301

Schultze (Arthur), the Teaching of Mathematics in
Secondary Schools, 697

Soddy (F., F.R.S.), Matter and Energy, 187; the Inter-
pretation of Radium, 671

Stanley (F.), Lines in the Arc Spectra of Elements, 219

Stark (Prof. J.), Prinzipien der Atomdynamik, 100

Stroobant (Prof. Paul), les Progrés Récents de 1'Astro-
nomie, 670

Sylvester (James Joseph, F.R.S.), the Collected Mathe-
matical Papers of, 379

Symonds (W. P.), Nautical Astronomy, 617

Tables Annuelles de Constantes et Données Numériques,
Dr. J. A. Harker, F.R.S., 617

Thomson (Prof. James, F.R.S.), Collected Papers in
Physics and Engincering, edited by Sir J. Larmor,
Sec.R.S., and James Thomson, Prof. J. Perry, F.R.S,,

6

'l‘rfnb%:rt (Prof. W.), Lehrbuch der kosmischen Physik,
E. Gold, 356

Verworn (Max), Kausale und konditionale Weltan-
schauung, 699

Villamil (Licut.-Col. R. de), A B C of Hydrodynamics,

275

Watson (Prof. W., F.R.S.), Intermediate Physics, 246

Wegener (Dr. A.), Thermodynamik der Atmosphire, 31

Weir (James), the Energy System of Matter, 187

Wilson (Prof. H. A., F.R.S.), the Electrical Properties
of Flames and of Incandescent Solids, 694

Medicine :

Abderhalden  (Emil), Schutzfermente des tierischen
Organismus, 66

Bancels (J. Larguier des), le Goat et 1'Odorat, 66

Burnet (Dr. E.), Dr. C. Broquet and Dr. W. M. Scott,
Microbes and Toxins, Prof. R. T. Hewlett, 188

Cathcart (Dr. E. P.), Physiology of Protein Metabolism,
66

Chesser (Elizabeth S.), Perfect Health for Women and
Children, 484

Fearis (Walter I.), the Treatment of Tuberculosis by
means of the Immune Substances (I.K.) Therapy,

129

Hertwig (0.), die Radiumkrankheit tierischer Keim-
zellen, 67

Lenz (F.), Uber die krankhaften Erbanlagen des Mannes,
60

3

Miller (Dr. Hugh C.), Hypnotism and Disease: a Plea
for National Psychotherapy, 484

Morel (L.), les Parathyroides, 66

Schiifer (Prof. E. A., F.R.S.), Experimental Physiology,

539

Smith (W. Johnson), Dr. Arnold Chaplin, a Medical and
Surgical Help for Shipmasters and Officers : including
First Aid, 645

Stiles (Prof. P. G.), Nutritional Physiology, 668

Stohr (F. 0O.), la Maladie du Sommeil au Katanga, 337

Vincent (Prof. Swale), Internal Secretion and the Duct-
less Glands, 569

Wright (Sir A. E., F.R.S.), Handbook of the Technique
of the Teat and Capillary Glass Tube and its Applica-
tions in Medicine and Bacteriology, R. T. Hewlett, 218

Philosophy and Psychology :

Anales de Psicologia, 277

Aristotelian Society, Proceedings of the, 277

Aveling (Dr. F.), on the Consciousness of the Universal
and the Individual, 695

Butler (Samuel, Author of “Erewhon”), the Note-books
of, edited by Henry F. Jones, 695

Dumville (B.), the Fundamentals of Psychology, 695

Jones (Dr. E.), Papers on Psycho-analysis, 695

Kirkham (Stanton Davis), Outdoor Philosophy: the
Meditations of a Naturalist, 216

McDowall (Stewart A.), Evolution and the Need of
Atonement, 695

Mackenzie (Dr. William), Alle Fonti della Vita, A. E.
Crawley, 380

Schneider (Prof. Karl C.), Tierpsychologisches Praktikum
in Dialogform, A. E. Crawley, 380

Simpson (Dr. J. Y.), the Spiritual Interpretation of
Nature, 695

Stewart (Dr. H. L.), Questions of the Day in Philosophy
and Psychology, 695

Tayler (J. L.), the Nature of Woman, 695

Taylor (Duncan), Composition of Matter and Evolution
of Mind, 216

Westaway (F. W.), Scientific Method : its Philosophy
and its Practice, 277

Whetham (W. C. D., F.R.S.) and Catherine D. Whet-
ham, Science and the Human Mind, 69%

Wundt (Prof. W.), Dr. R. Pintner, Introduction to
Psychology, 216
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Reviews and Our Bookshelf (continued):
Technology :
American Annual of Photography, 1913, edited by Percy
Y. Howe, 459
Bottler (Prof. Max), A. H. Sabin, German Varnish-
making, 65
British  Journal Photographic Almanac and Photo-
grapher’s Daily Companion, 1913, edited by G. Brown,

459

Carne (J. E.), the Tin-mining Industry and the Distribu-
tion of Tin Ores in New South Wales (N.S.W. Depart-
ment of Mines), 497

Ditmar (Dr. R.), der Kautschuk, 668

Eckel (E. C.), Building Stones and Clays : their Origin,
Characters, and Examination, 537

Erskine-Murray (Dr. J.), a Handbook of Wireless Tele-
graphy : its Theory and Practice, 645

Geerligs (H. C. P.), the World’s Cane Sugar Industry,
Past and Present, 509

Giolitti (Dr, F.), la Cementazione dell’Acciaio, 568

Hirschwald (Prof. J.), Handbuch der bautechnischen
Gesteinspriifung, 537

Hiibner (Julius), Bleaching and Dyeing of Vegetable
Fibrous Materials, 65

Johnson (Stanley C.), Nature Photography, 189

Jones (H. Chapman), Photography of To-day, 644

Lan-Davis (C. F.), Telephotography, 461

Levy (Donald M.), Modern Copper Smelting, 484

Masselon, Roberts, and Cillard, Dr. H. H. Hodgson,
Celluloid : its Manufacture, Applications, and Substi-
tutes, 280

Tables Annuelles de Constantes et Données Numériques,
Dr. J. A. Harker, 617

Tibbles (Dr. Wm.), Foods: their Origin, Composition,
and Manufacture, 357

Villavecchia (Prof. V.), Dizionario di Merceologia e di
Chimica Applicata, 699

Whymper (R.), Cocoa and Chocolate, 357

Wood (J. T.), the Puering, Bating, and Drenching of
Skins, 130

Miscellaneous :

Adams (Prof. John), Evolution of Educational Theory, 99

Barbour (Sir David, K.C.S.1., K.C.M.G.), the Standard
of Value, N, B. Dearle, 536

Bardswell (Frances A.), Twelve Moons, 304

Boubier (Dr. M.), Internaciona Biologial Lexiko en Ido,
Germana, Angla, Franca, Italiana ed Hispana, 48

Churchward (Dr. Albert), Signs and Symbols of Primor-
dial Man: an Explanation of the Religious Doctrines
from the Eschatology of the Ancient Egyptians, Rev.
John Griffith, 406

Dyer (Dr. H.), Education and National Life, 434

Englishwoman's Year Book and Directory, 1913, edited
by G. E. Mitton, 485

Gask (Lilian), Legends of our Little Brothers: Fairy
Lore of Bird and Beast, 2_31

Geikie (Sir A., K.C.B., F.R.S.), the Love of Nature
among the Romans during the Later Dec.ades of the
Republic and the First Century of the Empire, Prof. T.
Herbert Warren, 185

Gray (W. Forbes, editor), Books that Count : a Dictionary
of Standard Works, 502

Heaton's Annual : the Commercial Handbook of Canada
and Boards of Trade Register, 1913, edited by E.
Heaton and J. B. Robinson, 699

Hébert (Georges), 1'Education Physique ou I’Entrafine-
ment Complet par la Méthode Naturelle, 407

Hodgson (Dr. G. E.), Rationalist English Educators, 99

Jahrbuch der Naturwissenschaften, 1911-12, edited by
Dr. J. Plassmann, 643

Johnson (Walter), Wimbledon Common: its Geology,
Antiquities, and Natural History, 461 :

Knoop (D.), Principles and Methods of Municipal Trading,
N. B. Dearle, 536

Lankester (Sir Ray, K.C.B., F.R.S.), Science from an
Easy Chair: Second Series, 538

Lodge (Sir Oliver, F.R.S.), Modern Problems, 248

Mackenzie . (Dr. Wm.), Alle Fonti della Vita, A. E.

. Crawley, 380
Moffatt (C. W. Paget), Science French Course, 190
Montessori (Maria), Anne E. George, the Montessori

Method :  Scientific  Pedagogy as :\'Pplicd to Child
Education in “The Children’s Houses,” 99

Newcombe (L.), Catalogue of the Periodical Publications
in the Library of University College, London, 161

Pierson (Dr. N. G.), A. A. Wotzel, Principles of
Economics : vol. ii., N. B, Dearle, 431

Plummer (F. G.), Lightning in Relation to Forest Fires,

511

Pollak (G.), Michael Heilprin and his Sons, 408

Ross (Col. Charles, D.S.0.), an Outline of the Russo-
Japanese War, 1904, 1905, 68

Royal Society of London, Catalogue of the Periodical
Publications in the Library of the, 161

Schneider (Prof. Karl C.), Tierpsychologisches Praktikum
in Dialogform, A, E. Crawley, 380

Smith (Dr. Theodate L.), the Montessori System in
Theory and Practice, 486

Sommer (H. Oskar), the French Arthurian Romances,
Rev. John Griffith, 328

South Africa: Catalogue of the Serial Publications
possessed by the Geological Commission of Cape
Colony, Royal Observatory, Royal Society of S.A.,
S.A. Asgsociation for the Advancement of Science, S.A.
Museum, and S.A. Public Library, 434

“Space and Spirit,” the Author of, the Triuneverse: a
cientific Romance, 216

Thomas (Edward), Norse Tales, 102

Thorndike (Prof. Edward L.), Education: a First Book,

407

Who's Who, 1913, 485

Who's Who in Science: International, 1913 (H. H.
Stephenson, Editor), 619

Writers' and Artists’ Year Book, 1913, the, 485

Rhodesia Museum, Lack of Funds, 170

Rice, Classification, S. Kikkawa, 509; Nicotinic Acid in
Rice, Prof. Suzuki and S. Matsunaga, 709

Rifle Barrel Vibrations, F. Carnegie, 442

Riparian Flora, Prof. Gliick, 359

Rivers, Glaciers, and the Ice-Agde, 444

Road Construction, Modern, Francis Wood, 100

Rock : Composition of Rocks, F. W. Clarke, 197 ; the Rock
Garden, R. Farrer, Dr. F. Cavers, 433; Rock-
disintegration by Weathering, Dr. F. H. Hatch, 481

Rontgen Rays: the Crystal Space-lattice revealed by
Réntgen Rays, Dr. A. E. H. Tutton, F.R.S., Dr. M.
Laue, 306; Spectra of Fluorescent Réntgen Radiations,
J. C. Chapman, 400; Rontgen Radiation from Kathode
Particles traversing a Gas, R. Whiddington, 402;
Reflection, Profs. Barkla and Martyn, 435; Messrs.
Moseley and Darwin, 594 ; see also X-Rays

Romans : the Love of Nature among the Romans during
the Later Decades of the Republic and the First
Century of the Empire, Sir A. Geikie, K.C.B., F.R.S.,
Prof. T. H. Warren, 185

Rosa stellata, Prof. T. D, A. Cockerell, 571

Royal Anthropological Institute: the Metals in Antiquity,
Prof, W. Gowland, F.R.S., 344

Royal Astronomical Society : Gold Medals, 624, 707

Royal Commission to Report on the Natural Resources of
the Empire, 256

Royal Gcograpfﬁcal Society : Journey to the South Pole,
Capt. R. Amundsen, 341; Victoria Nyanza to Kisii
Highlands, Dr. Felix Oswald, 493; Admission of
Women, 521, 576; North-east Greenland, Captain
Einar Mikkelsen, 548

Royal Institution Discourse: Lord Lister, by Sir Wm.
Macewen, F.R.S., 499

Royal Microscopical Society : Conversazione, 235

Royal Society : Catalogue of Periodical Publications in the
Library, 161; “the Record,” 172; New Council, 312;
Medal Awards, 337; Anniversary Meeting, 387

Royal Society of Arts: the Palette of the Illuminator:
Address, Dr. A. P. Laurie, 399

Royal Society of Edinburgh : Elections, 257

Royal Society of South Africa: Annual Meeting, 228

Rubber : Rubber Synthesis, Dr. C. Duisberg, Prof. Perkin,
Prof. Morgan, 104; Natural and Synthetic Rubber:
Address, Dr. F. M. Perkin, 489; Malay States Report,
570 ; der Kautschuk, Dr, R. Ditmar, 668

Rubies : Noel Heaton, 114
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Russo-Japanese War, 1904-05, Col. Charles Ross, D.S.O.,
68

Saccammina sphaerica and Psammosphaera fusca, E.
Heron-Allen and A. Earland, 350, 401, 447

Sahara, Proposed Flooding of, 58

Sailing Flight of Birds, Prof. Edwin H. Hall, 161; F. W.
Headley, 220

St. Paul’s Cathedral Damaged, Sir F. Fox, 524

Salmon Scale Results, Miss P. C. Esdaile, 533

Salt and Sugar, Antiseptic Action of, L. Lindet, 273

Salts, Absorption of Light by Inorganic, A. R. Brown, 638

Sanitary Engineering, Modern, G, Thomson, 484

Sanitary Science : Chadwick Trust Public Lectures, 611

Saturn, J. Camus, 495

Schumann Rays, L. and E. Bloch, 325

Science : Forthcoming Books, 141, 174; Science French
Course, C. W. P. Moffatt, 190; Le Chatelier’s
Theorem, Prof. W. D. Bancroft, 231; Address to

Philosophical Institute of Canterbury, N.Z., Dr. L.
Cockayne, F.R.S., 282; the March of Science, 361;
Catalogue of Serials in certain South African Institu-
tions, 434; Importance of Autograph Documents, 506 ;
Science Museum Advisory Committee, 521; Science
from an Easy Chair, Sir Ray Lankester, K.C.B.,
F.R.S., 538; Science Teaching in Public Schools :
Address, Sir A. Geikie, K.C.B., Pres.R.S. 555;
Science at Recent Educational Conferences, G. F.
Daniell, 582, 603; Jahrbuch der Naturwissenschaften,
1911-12, 643 ; Science and the Human Mind, W. C. D.
Whetham, F.R.S. and Catherine D. Whetham, 695 ;
Science Exhibition at Surbiton, 707

Scientific Method : its Philosophy and its Practice, F. W.
Westaway, 277

Scientific  Worthies:  Prof.
For.Mem.R.S., 353

Scintillation, C. Gallissot, 429

Scottish Meteorological Society, A. Watt, 289

Scottish Universities and Treasury Interference, 400, 478

Sea, Science of the, Dr. G. H. Fowler and others, 34

Sea of Japan, Circular Currents in, Dr, Wada, 550

Sea-serpent or Monster, Hon. A. Wilmot, 469

Seals : Pribilow Fur-seal, 113; the Northern Elephant Seal,
C. H. Townsend, 164; Anatomy of the Weddell Seal,
Prof. D. Hepburn, 454; Central Nervous System of
the same, Dr. H. A, Haig, 454

Searchlights for the Mercantile Marine, Dr. H. Wilde,
F.R.S., 411

Seed Germination of Dicotyledons, J. Adams, 506

Seismography : Fall of House near Rome registered, Prof.
G. Cora, 348; see also Earthquakes

Seismological Observatory of Rocco di Papa, 59

Selangor, Plant Collection from, H, N. Ridley, 351

Selenium, Sensitiveness of Selenium to Light of Different
Colours, A. H. Pfund, 136

Self-fertilisation in Fresh-water Snail, 58

Sewage : Main Drainage of Towns, F. Noel Taylor, 133;

Sewage Purification by Fish, Prof. Hofer, 549

Sex: Experimental Analysis of Sex, Geoffrey Smith, 230;
Ueber die krankhaften Erbanlagen des Mannes, F.
Lenz, 360

Shellssfrom Malay Peninsula and Siam, Dr. C. C. Hosséus,
2

Jules Henri Poincaré,

5

Ships: New Rules for Life-saving Appliances, ‘93 ; Wake
and Suction at back of Ships, M. Poincet, 351 ; Suction
between Passing Vessels, Prof. Gibson and Mr.
Thompson, 198

Shrimp, New Primitive, E. L. Bouvier, 376

Siberia: U.S. Zoological Expedition to Altai Mts., 470;
Siberian Immigration, Major-Gen. Greely, 492

Sight Tests, 92

Signs and Symbols of Primordial Man and the Ancient
Egyptians, Dr. A. Churchward, Rev. J. Griffith, 406

Silical-cyanide, Synthesis of a, Dr. J, E. Reynolds, 401

Silicon, Organic Derivatives of, Prof. Kipping, 494

Silk, Eri or Endi, H. Maxwell-Lefroy and C. G, Ghosh, 686

Skins, Puering, Bating, and Drenching of, J. T. Wood, 130

Sleeping Sickness in the Katanga, F. O. Stohr, 337;
“Research Defence” Society Pamphlet, Dr. F. M.
Sandwith, 338

Smoke Abatement, 651
Smoking and Football Men, Dr. F. J. Pack, 285
Snakes, Feeding Habits of, R. L. Ditmars, 656
Snowfall of the United States, C. F. Brooks, 583
Société Helvétique des Sciences naturelles, 223
Societies :
Asiatic Society of Bengal, 63, 213, 481, 508, 665
Cambridge Philosophical Society, 257, 376, 402, 480, 663
Challenger Society, 350
Geological Society, 350, 427, 453, 636, 663, 716
Gaottingen Royal Society of Sciences, 213, 243
Institute of Metals, 199
Institution of Mining and Metallurgy, 298, 402, 585
Linnean Society, 350, 452, 455, 481, 505, 637, 690
Linnean Society of New South Wales, 98, 213, 665

Manchester Literary and Philosophical Society, 243, 298,
402, 481, 506, 533, 586, 663, 690

Mathematical Society, 351, 453, 561, 690

Mineralogical Society, 375, 612

Paris Academy of Sciences, 30, 97, 127, 156, 183, 213,
272, 208, 324, 351, 376, 428, 507, 561, 586, 613, 638,

664, 690, 717
Physical Society, 208, 375, 453, 637, 716
Royal Anthropological Institute, 324
,»  Astronomical Society, 454, 5601
,»  Dublin Society, 454, 506
»»  Geographical Society, 341, 493, 548, 576
»»  Institution, 499
y»  Irish Academy, 402, 638
»  Meteorological Society, 376, 480, 585, 716
»»  Microscopical Society, 401, 480
»w  Society, 243, 349, 400, 479, 612, 635, 662, 689, 716;
Council, 312 ; Anniversary, 387
v Society of Arts, 399
»  Society of Edinburgh, 257, 428, 454, 506, 638,

717
»  Society of South Africa, 127, 228, 403
Society of Chemical Industry, New York Meeting, 57
Society for Promotion of Nature Reserves, 467
Zoological Society, 350, 376, 453, 690
Sociology : Modern Problems, Sir O. Lodge, F.R.S., 248
Soda, Egyptian, A. Lucas, 527
Soil Fertility : Soil Conditions and Plant Growth, Dr. E. J.
Russell, 215; Recent Publications on Soil Fertility,
473 ; Phosphorus in Land near Cities, Messrs. Hughes
and Aladjem, 473; Bacterial Theory of Soil Fertility,
F. Fletcher; Dr. E. ]J. Russell, 541; Crops and
Methods for Soil Improvement, Alva Agee, 589; Soil
Fertility, Dr. R. Greig Smith, 665
Solar : Errors of Computed Times of Solar Eclipse Pheno-
mena, Dr. A. M. W. Downing, F.R.S., Dr. W. J. S.
Lockyer, 162; Utilisation of Radiant Solar Energy,
Prof. G. Ciamician, Prof. Morgan, 194; International
Union for Solar Research, 311; Solar Physics
Observatory at Cambridge, 374 ; see also Sun
Solubility and Electro-affinity, F. Calzolari, 140
Solutions : Theories of Solutions, Svante Arrhenius, 60,
245; Conductivity of Aqueous Solutions: Summary,
Prof. H. C. Jones, 393; Theory of Solutions, Prof. A.
Findlay, 497; Electrical Conductivity and Fluidity of
Strong Solutions, W. S. Tucker, 637
Sonnblick Meteorological Observatory, 197
Soufriére Eruption : Revival of Agriculture in Devastated
Area, W. N. Sands, 474
Sound : Upper Partials of a Tuning-fork, F. H. Parker,
361 ; Maintenance of Vibrations, C. V. Raman, 367
South African Association of Analytical Chemists, 228;
South African Geology, Prof. E. H. L. Schwarz, 590;
South African University Bill, 611
South America: Observations and Impressions,
Bryce, 615
South Pole: Captain Amundsen’s Journey: Lecture at
Royal Geographical Society, 341; the South Pole, R.
Amundsen, A. G, Chater, Dr. H. R. Mill, 515
Spark-gaps immersed in Running Liquids, Dr. Eccles and
A. J. Makower, 498
Spectra : Lines in the Arc Spectra of Elements, F. Stanley,
219 ; Composition of Spectral Lines with Echelon, 259 ;
Constitution of Mercury Lines, Prof. H. Nagaoka and
T. Takamine, 298; Spectrum of Magnetic Rotation of
Bromine, G. Ribaud, 325; Spectra of Fluorescent
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A WEEKLY ILLUSTRATED JOURNAL OF SCIENCE.

““ To the solid ground
Of Nature trusts the mind which builds for aye.”’—WORDSWORTH.

THURSDAY, SEPTEMBER 5, 1912,
EARLY NATURALISTS.

The Early Naturalists.
(1530-1789). By Dr. L. C.
Pp. xi+396. (London: Macmillan
Ltd., 1912.) Price 10s. net.

Their Lives and Work
Miall, F.R.S.
and Co.,

IN this account of the naturalists who worked
and wrote during the period between the com-
mencement of the Protestant Reformation and
that of the French Revolution, Prof. Miall has
placed under a considerable obligation those who
are interested in the advancement of natural know-
ledge. The period to which the work is in the
main limited constitutes perhaps as natural an
epoch as may be found in human history. Whether
the period be natural or not, the charming
introductory sketch of “Natural History down
to the Sixteenth Century "’ fully justifies the selec-
tion of the date at which the author’s account of
scientific progress formally opens, while the closing
date adopted is at least convenient. But the work
is one that could only have been written with
unusually full knowledge of the scientific happen-
ings since the date of Buffon's death, and it is
owing to the possession of this knowledge that
the author has been able to assess so authorita-
tively as he does the extent and the value of the
permanent additions. to biological truth which
marked the period he passes under review.

The work, in the main, deals; as its title implies,
with the lives and the labours of the naturalists
who flourished during the period in question. In
his treatment of the subject Professor Miall strikes
a happy mean between the methods of the skilled
biographer and of the formal historian of human
progress. As a result, he succeeds in enabling
the reader to acquire a clear conception not only
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of what was accomplished during the period, but
of the character of those by whom the work was
done and of the intellectual atmosphere in which
they lived. To the personal interest thus aroused
is largely due the force of the incisive estimates
provided by the author of men like Clusius and
Belon, Ray and Leeuwenhoek, Réaumur and
Buffon, to mention only a few of the worthies
whose lives are discussed. Even in those rare in-
stances in which the reader may feel inclined to
differ from Prof. Miall, it will be admitted that his
estimates are the result of complete knowledge and
judicial thought; any disinclination to accept the
verdicts depends not on the facts, but on the
point of view from which these facts are regarded.

There is, however, a certain want of unity in
the work. In addition to the accounts of in-
dividual naturalists which we conclude from the
title to be its main subject, the book contains a
series of essays of a different type, each of them
as self-contained as the character-sketches of
which the work is principally composed. One of
these, already alluded to, aptly serves as an intro-
duction to these sketches. Another, on. *“The
Natural History of Distant Lands,” is inter-
polated between the accounts of the earlier Con-
tinental and the earlier English naturalists, but
scarcely serves as a connecting link between the
one group and the other. This essay is, however,
so interesting- in itselfl that one welcomes it as
a digression, which at least does not carry us
beyond the later limit of the period discussed, and
may be excused for taking us back further than
its earlier one.

Two similar essays, equally self-contained, on
“The Investigation of the Puss Moth,” and on
““ Early Studies of the Flower,” which are not
accorded the position of distinct sections, but are
incorporated in other 'sections, deviate more con-

B
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siderably from the plan of the work as a whole;
the former brings us down to the present day,
while the latter carries us from Theophrastus to
the first De Candolle. Still; both essays are ger-
mane to the purpose of the book, and add so
much to its value that it would be more than un-
gracious to cavil at their presence among these
delightful and informing sketches of the *‘ Early
Naturalists.”’

THE WANDERING OF THE BRONZE AGE
POTTERS.

A Study of the Bronze Age Pottery of Great Britain

and Iveland, and its associated Grave-goods.

By the Hon. John Abercromby. Vol. i., pp.
163 +1xi  plates. Vol. ii.,, pp. 128+ plates
Ixii-cx.  (Oxford: Clarendon Press, 1912.)

Two volumes, price 43 3s. net.
RCHAOLOGISTS have long been looking
forward to the Hon. Dr. John Abercromby’s
monograph on Bronze Age pottery, and, as was
to be expected, it has proved to be exhaustive and
workmanlike. As an indication of the pains which
the author has taken, it may be mentioned that
there are photographs of 54 Continental beakers,
291 British beakers, 421 food vessels, 570 cinerary
urns, numerous photographs of other objects,
several plates of details of ornamentation, and a
number of valuable maps of distributions. A
classified list of the vessels illustrated in the
plates would save the reader a great deal of
trouble. The purely descriptive matter is as suc-
cinct as possible, though all essential informa-
tion is given, and as there are full references
the student knows where to go for further
details,

Not only have we data of form, ornamentation,
and distribution, but Dr. Abercromby has sought
to make them tell a tale by coordinating other
finds, such as skulls, implements, beads, &c. He
rightly endeavours to give a picture of the life
of the people, but some of his speculations on
their social condition and religious beliefs are too
hypothetical, and are scarcely consistent with the
scientific method he adopts when dealing with his
immediate subject. His general conclusions may
be summarised as follows. About 2000 B.C. it
would seem that Britain was invaded by a rugged,
enterprising people, mainly of Alpine stock, whose
ancestors, perhaps three to four hundred years
carlier, had lived beyond the Rhine, not very far
north of Helvetia, They had scarcely emerged
from the neolithic stage of culture, and perhaps
brought no single copper or_bronze knife among
them, but not long afterwards they possessed such
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small implements, and perhaps flat axes.  Their
wealth must have consisted in cattle, sheep, goats,
and swine. They were also acquainted with
cereals. They were not an inventive people, for
they had only two forms of sepulchral pottery,
which lasted with small variations for about 500
years, and they never abandoned geometrical
ornamentation. Women were buried with as much
ceremony as men. They presumably spoke an
Aryan language.

The invaders probably landed on the coast of
Kent, and in course of time some moved north
and others west; these began to cluster on the
Wiltshire downs, especially round what is now
Stonehenge. About 1880 B.c. the northern branch
crossed the Humber into East Riding, where
they also found the earlier natives in possession.
About this time their influence had reached
Hibernia, in the shape of a beaker, though they
themselves may not have crossed over so early.
Not until about 1600 did they colonise the
south coast of Moray Firth, and the extreme
north was reached some time later. By 1500 B.C.
the direct evidence of the brachycephalic in-
vaders ceases. In the south their ceramic ended,
and the skull-type was obliterated by cremation;
but they were not exterminated. It is not unlikely
that Stonehenge was erected about 3oo years after
the invasion.

About 1350-1150 there was a remarkable
development of material civilisation in south
Britain, new forms of small, often beautifully made
cups are first met with, and there were skilful
artificers in gold; traces of foreign influences are
also met with. From about 1150 to 9oo B.c. is
an obscure period, with diminished material
wealth. During the next period (circa goo-650),
south Britain was entered by new tribes,
apparently refugees, who introduced a new form
of entrenchment and new forms of pottery, some
of which have analogies east of the Rhine, others
about the northern base of the Pyrenees. There
is no evidence that they spread north of the
Thames. During the period beginning circa goo,
the population increased, and the dead were
interred in flat cemeteries, though barrows never
fell entirely into disuse; the change was not due
to foreign influence, as the contemporary pottery
from cemeteries and barrows is identical. The
period from 6G50-400 is obscure; in remote parts
like Dorset and Ross-shire, the Bronze Age cers
tainly lasted till about 200 B.c.

This admirable monograph breaks new ground,
and will long remain the standard work on the
early Bronze Age of the British Islands.

A. C. HApDON.
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OUR BOOKSHELF.

The Inter-Relationships of the Bryophyta. By
Dr. Frank Cavers. Reprinted from the New
Phytologist. Pp. vi+203. Cambridge : At the
Botany School, 1g11. Price 4s.; postage 4d.

WEe are a little late in announcing that Dr. F.

Cavers’s series of articles which appeared on

the inter-relationships of the Bryophyta in the

New Phytologist, vols. ix. and x., 1910-11, has

been issued separately. It is a great convenience

to have the work in this form, and it certainly
deserves this distinction. The classification is
mainly that adopted in Engler and Prantl’s

““ Natiirlichen Pflanzenfamilien,”” but as a result

of his investigations the author introduces some

modifications. His proposed divisions are: (1)

Sphaerocarpales, (2) Marchantiales, (3) Junger-

manniales, (4) Anthocerotales, (5) Sphagnales,

(6) Andreaales, (7) Tetraphidales, (8) Poly-

trichales, (9) Buxbaumiales, and (10) Eu-Bryales,
Dr. Cavers discusses more particularly the

question of the old primary division of the Bryo-
phyta into two classes, Hepaticae and Musci, espe-
cially in relation to the Anthocerotales and the

Sphagnales. He argues: ‘‘ If the Anthocerotales

are to be made a separate class apart from the

Hepaticae, either Sphagnales should also be con-

sidered a separate class apart from the Musci,

thus making four primary divisions of Bryophyta

—Hepaticae proper, Anthocerotes, Sphagna, and

Musci proper—or the Anthocerotales and Sphag-

nales might be united to form a class between the

Eu-Hepaticae and the Eu-Musci, thus giving three

classes of Bryophyta.’’ But he prefers dividing

the Bryophyta into ten groups as designated above.

The account of Riella capensis is of special
interest, and it is to be followed by a more detailed
paper on the genus generally. Until 1go2 thi's
singular aquatic genus was only known to inhabit
the Mediterranean region and the Lake of Geneva.

Since then a species has been discovered in the

Grand Canary; another in Texas; a third in

Turkestan; and a fourth in South Africa.

LETTERS TO THE EDITOR.

[The Editor does not hold himself r(’.\‘ﬁl)ll.\‘iblt" for
opinions expressed by his correspondents.  Neither
can he undertake to return, or to correspond with
the writers of, rejected manuscripts intended for
this or any other part of Narure. No nolice is
taken of anonymous communications.]

Determination of the Epicentre of an Earthquake.

It has been proved by observation with the Galitzin
seismographs, both at Pulkowa and Eskdalemuir,
that when the first phase P of an earthauake is sharp,
the azimuth of the epicentre from the station is
uniquely determined by the observations at that station.
It follows that if the azimuth of the epicentre is deter-
mined at two independent stations suitably situated,
the epicentre can be determined from these two
azimuths alone.

We have to-day, as an example, verified by con-
struction and by computation that this principle gives
accurately the epicentre of the earthquake that
occeurred in Monastir on February 18, 1911,

The azimuth observed at Pulkowa was 22° 53’ west |
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of south, while the azimuth observed at Eskdalemuir
was 35° 56’ east of south. The resulting epicentre
we find to be 40'5° N., 203° E.

: The epicentre deduced by the Pulkowa observations
of azimuth and epicentral distance was 40'5° N.,
20'1° E.; while the similar deduction from the Esk-
dalemuir results was 40'3° N., 20'4° E.

It is clear that in this case the accuracy of deter-
mination from the azimuths alone equals that of the
determinations from the separate stations, and
it is known that the earthquake did occur in the region
indicated.

The advantages of this new method based on
azimuths alone are :—

(1) That it is quite independent of any time reckon-
ing whatever at the two stations.

(2) That it is independent of the determination of
the second phase S on a seismogram (which is fre-
quently difficult to fix with certainty).

(3) That it is independent of any empirical tables
for epicentral distance, which are admittedly only
approximate.

(4) Although only two stations are used, the deter-
mination is unique.

We may observe that for a given case the accuracy
of determination depends on a suitable choice of the
two stations.

B. Gavirzin,
GrorGe W. WALKER.

The Observatory, Eskdalemuir, Langholm,

Dumfriesshire, August 29.

Implements of Man in the Chalky Boulder Clay.

IN Nature of August 15 Mr. Reid Moir has given
us certain interesting facts observed by him in con-
nection with the scratching of flints.

(1) He notes the occasional scratching of what
remains of the *‘cortex’ of the original nodule. It
does not seem to have occurred to him that such a
result may have been produced while the flint was
still enclosed in its original chalk matrix. Topley (in
his ** Geology of the Weald ") showed long ago that
the chalk strata had in many cases undergone con-
siderable differential movement concomitant with
crustal movements; and 1 have myself seen crushed
flints still in situ in the chalk cliffs at Ventnor, where
there is evidence of intense crustal movement of the
strata. So far back as 1880 I noted this, also the
extremely  fractured and unworn condition offf the
flints left as a residuum from the solution of the chalk
by carbonated rain-water on the top of St. Boniface
Downs (see P.G.A., vol. viii.,, No. 3), and my inter-
pretation of the phenomena there observable has since
been confirmed by Dr. A. Strahan, F.R.S., of _the
Geological Survey. Here we have a sufficient
mechanical cause totally independent of anything
that mav be connoted by the term ‘' glaciation.”
There seemed, moreover, to be just that slight
amount of surface-staining of the fractured surfaces
which might be due to meteoric iron-dust.

(2) One fails to see that there is anv mystery about
the non-striated condition generally of the fracture-,
surfaces of the flint fragments from the Boulder
Clay. How could the soft matrix of the Boulder
Clay scratch a flint, or even hold a harder stone with
sufficient grip to give it effect as a graving-tool,
however great the volume-pressure may have been?
When the ** glazier " wants to cut glass he does not
use putty to hold his *diamond.” So much for the
talk of ‘“intense glaciation” of hypothetical pre-
Crag flints, on which I hope to have shortly more to
say.
On ‘the other hand, boulders of the Chalk itseir, if
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at all rounded by the shearing movement of the ice in
which they were once embedded, are often scratched
and grooved. (See further my paper on the
mechanics of glaciers, Q.].G.S., February, 1883;
also NaTugrg, June 20, 1912.)

I can assure Mr. Reid Moir that the delicate and
interesting subject of patination presents difficulties
to those who (in microscopic and laboratory work)
have brought some knowledge of = physics and
chemistry to bear on the lithology of the flint, and
that it is not to be dismissed in the easy way he seems
to suppose. Nor do I think that even Dr. Sturge
(Proc. Prehis. Soc. of E. Anglia) has adequately dealt
with the subject or with the possible causes of some
phases of *“*striation." A. IRVING.

Bishop's Stortford, August 22.

THE FIFTH INTERNATIONAL CONGRESS
OF MATHEMATICIANS AT CAMBRIDGE.
HE first Mathematical Congress was held at
Zurich in 1897, the second at Paris in 1900,
the third at Heidelberg in 1904, and the fourth
at Rome in 190o8. This year’s congress met at
Cambridge, August 21-28, under the presidency
of Sir G. H. Darwin, and was divided into sections
as follows :—I, Analysis; II, Geometry; III (a),
Physical Mathematics; I1I (b), Statistics; IV (a),
Philosophy and History; IV (b), Didactics.
Several meetings of the last section were held in
connection with the International Commission on
the Teaching of Mathematics, which was formed
by a resolution of the fourth congress to study
and report on the actual state of mathematical
teaching in various countries.

Receptions were given by the Chancellor, Lord
Rayleigh, in the Fitzwilliam Museum, by Sir
(. H. Darwin in St. John’s and Christ’s Colleges,
and by the Master and Fellows of Trinity College.
Visits were made to the University observatory
and to the works of the Cambridge Scientific In-
strument Company. Excursions were arranged
to Ely Cathedral, Oxford and Hatfield House.
Throughout the week the University and colleges
displayed their customary hospitality to the full,
:md#hc appreciation of the visitors, both English
and” foreign, was very evident. The members
numbered 572, as compared with 535 at the fourth
congress, and included representatives from
Brazil, Chile, Egypt, India, Japan, and Mexico.
An exhibition organised by the Mathematical
Association was arranged in the Cavendish
Laboratory, and included English and foreign
text-books, examples of school work, models and
apparatus, and a most interesting and complete
collection of calculating machines. Eight lectures
were delivered to the whole congress, and we
mention below a few of the less technical points
occurring in these, and in the meetings of the
didactic section.

Sir G. H. Darwin (Cambridge), in welcoming the
congress at the first meeting, referred to the death
of Henri Poincaré, whom he described as the one
man who alone of all mathematicians might have
occupied the position of president of the congress
without misgivings as to his fitness. It brought
vividly home to him how great a man Poincaré
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was, when he reflected that, to one incompetent
to appreciate fully one half of his work, he yet
appeared as a star of the first magnitude.

Prof. E. W. Brown (Yale) lectured on * Period-
icity in the Solar System.” Newton and his con-
temporaries aimed at obtaining functions which
should express the positions of individual bodies
at all epochs. This is now recognised as unattain-
able; and the position within certain limits of
time is expressed by infinite series of terms, some
of which are harmonic representing periodic
motions, and others expressed as powers of the
time representing secular motions. These series
are carried to a degree of accuracy exceeding that
of the most delicate observation; so that where
the calculated positions differ from those observed
by a quantity exceeding the possible error of
observation, it may be safely assumed that forces
are in action other than those postulated in the
theory. This is notably the case in the theory of
the moon, where the outstanding discrepancy is
comparable with the largest of the perturbations
due to the planets. Dynamical theory in the case
of the asteroids has shown that in the particular
case of the problem of four bodies when the mass
of one is small, the motion of the latter is unstable
for certain ranges of value of the radius vector;
and no asteroids have, in fact, been found within
these limits. It is possible that an explanation may
here be foreshadowed of the dark intervals in
Saturn’s rings.

Prince B. Galitzin (St. Petersburg) lectured on
“The Principles of Instrumental Seismology.”
The usual seismographic record shows three chief
groups of disturbances, due respectively to the
longitudinal and transverse waves through the
core of the earth, and to the superficial wave
round the crust. These, however, are complicated
and supplemented by reflections of the deep waves
at the surface, and sometimes also by twin earth-
quakes caused by the primary. The relations
between the elastic constants of the core deduced
from seismographic observations are in fair agree-
ment with the theory of elasticity of an isotropic
medium. But an attempt has been made to con-
struct a more general theory assuming hetero-
gencity depending on depth. The ideal aim of
seismometry must be the determination of the six
components of motion of a particle of the earth’s
crust throughout the whole of a disturbance.
Hitherto attention has been confined to the three
components of translation. The practical problem
of recording the three components of rotation
seems to have been solved recently in an apparatus
in which induced currents from two pendulums
are passed simultaneously in opposite directions
through the same galvanometer. There is even
reason to believe that the problem of predicting
earthquakes is not so hopeless as it would a priori
seem to be.

Sir W. H. White lectured on “The Place of
Mathematics in Engineering Practice.” It is
matter for surprise that many of the great engin-
eering discoveries of the last century were made
by men who had little or no mathematical or
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scientific training.  On the other hand, much good
work was done by IFrench mathematicians in the
eighteenth century in laying the foundations of
naval « architecture. The discussions of recent
years have tended to the conclusion that the
mathematical portion of an engineer’s training is
best given in the regular manner by a mathe-
matician, rather than in a selected course by an
engineer. There can be no doubt as to the value
of mathematics, both in indicating the lines along
which experiments must be made and in framing
a - theory from their results. Many problems,
such as that of the design of ship propellers, stand
urgently in need of the mathematician's help.

At an extra meeting of Section IV, Mr. P. J.
Harding lectured on ** The History and Evolution
of Arithmetic Division.” The two methods of
calculation prevalent in Europe previous to the
introduction of the Arabic numerals were that of
the algorists, who used counting-boards ruled with
lines representing successive powers of ten on
which counters were placed, and that of the
abacus. Arabic numerals followed the trend of
commerce from India through Arabia and Italy
into northern Europe; so far as we know, they
first appeared in Italy in 1202. Subtraction was
first performed from the left by scratching out the
digits successively, a method evolved from the
sand-board used in the East, which was small
compared with the size of the numerals, so that
successive deletion was necessary. From this
followed the method of division by scratching,
known as the galleon method owing to a fancied
resemblance of the resulting disposition of digits
to the form of a ship. The modern method  of
division® first. appeared in print in Italy in 1494,
but it only superseded the galleon method after a
struggle which lasted more than a century. In
England its ultimate triumph was largely du_c to
the writing-master Cocker, who advocated it to
the exclusion of the older method. y

At a special meeting of Section 11 (a)., SirJe s
Thomson (Cambridge) gave a lecture illustrated
by experiments on * Multiply Ch:_lrgcd _Aton'ns,” in
which he described some recent investigations on
positive charges. He explained the parabolic
grouping effected by the simultaneous action of
electric and magnetic fields, and .slm\vf:d photo-
graphs of the parabolic arcs obtained in various
particular cases. In the case of mercury atoms,
eight such arcs were obtained, due to one or more
of the charges originally carried being lost in
transit, so that the particles arrived at the screen
with their original energy but with reduced charge.

At an ordinary meeting of Section IV, Dr.
A. N. Whitehead (London) read a paper on the
principles of mathematics in relation to elementary
teaching. The only justification for the inclusion
of mathematics in a liberal education is the power
of abstraction and deductive reasoning fostered
thereby. These powers can only be acquired by
constant practice, and no short-cuts are possible.
But this does not imply that such powers are to
be assumed in the pupil from the outset. On the
contrary, no generalisation can be made by the
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pupil until he is familiar with the raw material
from which it is to be made. There is no final
degree of rigour in deduction, and the degree to
be adopted is a matter for the teacher to decide.
His personal choice would be approximately the
degree of rigour, though not necessarily the con-
tent of Euclid’s Elements. No .compromise is
desirable between the purely utilitarian procedure
of looking up a formula in an engineering pocket-
book and the acquisition of a mathematical habit
of mind by years of practice in abstraction and
deduction.

Mr. G. E. St. L. Carson (Tonbridge) read a’
paper on the place of deduction in elementary
mechanics. He suggested that, besides the old
method of teaching mechanics in which a structure
of deduction was raised on a few postulated laws,
and the new method in which principles are demon-
strated independently by experiment, there is
a third method possible in which the logical inter-
dependence of the principles demonstrated is
discussed. Not only is this an aid to understand-
ing the foundations of the subject, but they are
shown to constitute a broad inductive basis.

A paper by Dr. T. P. Nunn (London) was read
on the proper scope and method of instruction
in the calculus in schools. He advocated the:
teaching of integration by means of graphical
illustration on the lines originally adopted by
Wallis. This should be followed by a considera-
tion of differentiation as the converse geometrical
problem. ~ The teacher should avoid all use of
such mystic phrases as “infinite”’ and “ultimately
become,” keeping carefully to the definition of
limit in terms of finite quantities.

At meetings of Section IV (b), in conjunction
with the International Commission on the Teach-
ing of Mathematics, reports were presented, with
a few explanatory remarks, by delegates from
twenty-one countries. The reports exceeded 280
in number, forming an aggregate of more than
9ooo octavo pages. These may be obtained from
Messrs. Georg et Cie., of Geneva; the English
reports have recently been issued in two volumes
by the Board of Education. The commission was
reappointed for a further period of four years, in
order that a digest of these reports may be pre-
pared for the use of teachers in each country.
The commission has also conducted special investi-
gations, and reports were presented on the results
of two of these.

Prof. C. Runge (Gottingen) presented a report
on the mathematical training of the physicist
in the university. The need for the closer co-
operation of the mathematician and the physicist
is strongly felt. It would be of benefit not only
to the future physicist or engineer, but also to the
student of pure mathematics, if in mathematical
lectures theoretical solutions were followed up by

numerical computations and applications to
material problems. It is also felt that mathe-
matical teaching in the university would be

improved if the lecturer were assisted by demon-

strators who could keep in personal touch with the

student, and aid him as difficulties arise. In com-
o

»
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menting on this report, Profs. Hobson, Love, and
Sir J. Larmor were of opinion that to limit the
mathematics of science students to those portions
which might be considered of ditect utility would
destroy that logical unity which is the essential
feature of the subject, and relegate it to a sub-
servient position little in keeping with its import-
ance. Sir A. G. Greenhill uttered a warning
against the excessive attention engineering pupils
are apt to give to descriptive geometry, to the
detriment of their studies in the calculus.  Sir
J. J. Thomson was in favour of physicists learning
mathematics from pure mathematicians, if the
latter would reserve some of their latest refine-
ments for special lectures.

Prof. D. E. Smith (New York) presented a
report on intuition and experiment in mathe-
matical teaching in secondary schools.  The
object of the inquiry was to ascertain to what
extent intuitional methods are at present employed.
A general spirit of unrest is apparent. In geo-
metry it may be said that it is the plan of the
Teutonic countries to mix the intuitional and
deductive work from the outset, while in France,
and now in England, the plan is to let an inductive
cycle precede a deductive one. The United States
is only beginning to talk about the question, what-
ever tendency there is being towards the Anglo-
French plan. The second important movement
is the elaboration of the function concept; starting
in France within the last twenty years, and
vigorously advocated in Germany within the last
decade, the movement is, as a whole, too recent
to judge of its permanence. A practical form of
outdoor mensuration seems to be developing,
especially in Austria, Germany, and Switzerland.
Geometric drawing and the graphic representation
of solids are passing from the hands of the art
teacher to the mathematician. Graphic methods
of representing functions have become universal
in the last generation. The contracted methods
of computation that were prominently advocated
fifty years ago do not seem to have advanced
materially, owing to the feeling that they are not
really practical; on the other hand, logarithms
have come into general use, and the slide rule is
in great favour in technical schools. In general,
it may be said that intuitional and experimental
methods have made more progress in Austria,
Germany, and Switzerland than in England,
France, and the United States.

At the final meeting of the congress it was
resolved to accept the invitation to Stockholm for
the next meeting in 1916. Informal invitations to
Budapest and Athens for subsequent meetings
were also noted.

THE BRITISH ASSOCIATION AT DUNDEE.

Y the time this issue reaches the reader the
British Association will be in full session,

and meanwhile there seems to be every prospect
of an unusually successful meeting. Dundee is a
town of comparatively small population, largely
made up of the working classes, but the number
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of persons resident in the town and neighbour-
hood who have joined the Association is remark-
able. The various towns in which the Associa-
tion meets are found to differ greatly in this
respect, and it occasionally happens that the
number of local associates is exceedingly small.
Since the year 1gor the Association has held its
annual meetings on two occasions abroad and on
nine occasions at places within the United King-
dom. The average number of tickets sold at these
nine centres before the opening of the reception
rooms is 460, and the highest number so sold at
any one of the nine was 643; but considerably
more than 1100 tickets had already been sold in
Dundee by the local committee before the opening
of the reception rooms, and by Tuesday evening
some 2000 tickets were issued.

This large local addition to the ordinary mem-
bership of the Association, together with the
unusually large attendance of foreign, American,
and Colonial guests, however gratifying it may
be to the officers of the Association, renders the
task of the local committee a difficult and anxious
one. The various halls and Section rooms will be
taxed to the utmost, amd the various excursions and
entertainments will scarcely be sufficient for an at-
tendance so greatly in excess of the estimates that
were based on the statistics of recent meetings.

As has already been stated in these columns,
the attendance of scientific men from abroad is
unusually great, beyond anything indeed that has
been scen since the great meeting at Manchester ;
and this large gathering of foreigners has had its
effect in helping to attract the scientific men of
our own country. Within the last few days a
number of eminent mathematicians, who have
attended the recent congress at Cambridge, have
made known their intention to be present; geolo-
gists are mustering in strength from many coun-
tries, tempted to a large extent by the promise of
excursions of unusual interest, and a still larger
gathering: of notable physiologists are coming to
do honour to a physiological President.

Every nook and corner of the town is filled
almost to overflowing, and members who arrive
without having made their arrangements before-
hand will have little chance of finding even the
simplest houseroom. Private hospitality has pro-
vided for between 700 and Soo guests, and every
hotel in the town and in the near neighbourhood
was filled up many days ago.

It is sometimes said that the British Associa-
tion is losing ground, but the experience of this
meeting shows that the belief is without founda-
tion; not only is the attendance this year fully
comparable to the average attendance in the best
days of the Association, but there is every prospect
also of animated discussion and abundant scien-
tific work. We print this weeck the inaugural
address delivered last night by the president, Prof.
E. A. Schiifer, IF.R.S., and also the address to be
delivered by Prof. H. L. Callendar, IF.R.S.;
before Section A this morning. Other addresses,
and reports of the proceedings of the various
Sections, will appear in later issues.
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INAuGURAL ApDRESS BY Pror. E. A, Scuirer, LL.D.,
D.Sc., M.D., F.R.S., PRESIDENT.
Introductory.

It is exactly forty-five years ago—to the day and
hour—that the British Association last met in this
city and in this hall to listen to a Presidential Address.
The President was the Duke of Buccleuch ; the General
Secretaries, Francis Galton and T. Archer Hirst; the
General Treasurer, William Spottiswoode; and the
Assistant General Secretary, George Griffith, who was
for many years a mainstay of the Association. The
Evening Discourses were delivered by John Tyndall
“On Matter and Force,” by Archibald Geikie ** On the
Geological Origin of the Scenery of Scotland,” and by
Alexander Herschel ** On the Present State of Know-
ledge regarding Meteors and Meteorites.” The Presi-
dents of Sections, which were then only seven in
number, were for Mathematics and Physics, Sir
William Thomson—later to be known as Lord Kelvin ;
for Chemistry, Thomas Anderson; for Geology, Archi-
bald Geikie, who now as President of the Royal Society
worthily fills the foremost place in science within the
realm ; for Biology, William Sharpey, my own revered
master, to whose teaching and influence British physio-
logy largely owes the honourable position which it at
present occupies; for Geography, Sir Samuel Baker,
the African explorer, who with his intrepid wife was
the first to follow the Nile to its exit from the Albert
Nyanza; for Economic Science, Mr. Grant Duff; and

for Mechanical Science, Professor Rankine,

Other eminent men present were Sir David Brewster,
J. Clerk Maxwell, Charles Wheatstone, Balfour
Stewart, William Crookes, J. B. Lawes and J. H.
Gilbert (names inseparable in the history of agricul-
tural science), Crum Brown, G. D. Liveing, W. H.
Russell, Alexander Williamson, Henry Alleyne Nichol-
son, William Allmann, John Hutton Balfour, Spencer
Cobbold, Anton Dohrn, Sir John Lubbock (now Lord
Avebury), William Melntosh, E. Ray Lankester,
C. W. Peach, William Pengelly, Hughes Bennett,
John Cleland, John Davy, Alexander Christison, Alfred
Russel Wallace, Allen Thomson, William Turner,
George Busk, Michael Foster (not yet founder of the
Cambridge School of Physiology), Henry Howorth,
Sir Roderick Murchison, Clements R. Markham, Sir
William (afterwards Lord) Armstrong, and Douglas
Galton. Many of those enumerated have in the course
of nature passed away from us, but not a few remain,
and we are glad to know that most of these retain
their ancient vigour in spite of the five-and-forty years
which separate us from the last meeting in this place.

Selection of Subject of Address.

For the Address with which it is usual for the
President to open the proceedings of the annual
assembly, the field covered by the aims of the British
Association provides the widest possible range of
material from which to select. One condition alone is
preseribed by custom, viz., that the subject chosen shall
lie within the bounds of those branches of knowledge
which are dealt with in the Sections. There can be
no ground of complaint regarding this limitation on
the score of variety, for within the forty years that I
have myself been present (not, I regret to say, without
4 break) at these gatherings, problems relating to the
highest mathematics on the one hand, and to the most
utilitarian applications of science on the other, with
tvery possible gradation between these extremes, have

en discussed before us by successive Presidents; and
the'_addition from time to time of new Sections (one of
Wwhich, that of Agriculture, we welcome at this Meet-
Ing) enables the whilom occupant of this chair to
Iraverse paths which have not been previously trodden

Y his predecessors.  On the last two occasions, under
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the genial guidance of Profs. Bonney and Sir William
Ramsay, we have successively been taken in imagina-
tion to the glaciers which flow between the highest
peaks of the Alps and into the bowels of the earth;
where we were invited to contemplate the prospective
disappearance of the material upon which all our in-
dustrial prosperity depends. Needless to say that the
lessons to be drawn from our visits to those unaccus-
tomed levels were placed before us with all the
eloquence with which these eminent representatives of
Geology and Chemistry are gifted. It is fortunately
not expected that 1 should be able to soar to such
heights or to plunge to such depths, for the branch of
science with which I am personally associated is merely
concerned with the investigation of the problems of
living beings, and I am able to invite you to remain
for an hour or so at the level of ordinary mortality to
consider certain questions which at any rate cannot
fail to have an immediate interest for everyone present,
seeing that they deal with the nature, origin, and
maintenance of life.
Definition.,

Everybody knows, or thinks he knows, what life is;
at least, we are all acquainted with its ordinary,
obvious manifestations. It would, therefore, seem that
it should not be difficult to find an exact definition.
The quest has nevertheless baffled the most acute
thinkers. Herbert Spencer devoted two chapters of
his ** Principles of Biology " to the discussion of the
attempts at definition which had up to that date been
proposed, and himself suggested another. But at the
end of it all he is constrained to admit that no expres-
sion had been found which would embrace all the
known manifestations of animate, and at the same
time exclude those of admittedly inanimate, objects.

The ordinary dictionary definition of life is *‘the
state of living." Dastre, following Claude Bernard,
defines it as ** the sum total of the phenomena common
to all living beings.” ' Both of tKese definitions are,
however, of the same character as Sydney Smith’s
definition of an archdeacon as ‘‘a person who per-
forms archidiaconal functions.” I am not myself
proposing to take up your time by attempting to
grapple with a task which has proved too great for
the intollectgal giants of philosophy, and I have the
less disposition to do so because recent advances in
knowledge have suggested the probability that the
dividing line between animate and inanimate matter
is less sharp than it has hitherto been regarded, so
that the difficulty of finding an inclusive definition is
correspondingly increased,

Life not Identical with Soul.
As @ mere word ‘‘life" is interesting in the fact
that it is one of those abstract terms which has no

direct antithesis; although probably most persons
would regard **death’ in that light. A little con-
sideration  will show that this is not the case.

“Death ™ implies the pre-existence of ‘‘life”; there
are physiological grounds for regarding death as a
phenomenon of life—it is the completion, the last act
of life. We cannot speak of a non-living object as
possessing death in the sense that we speak of a
living object as possessing life. The adjective * dead "
is, it is true, applied in a popular sense antithetically
to objects which have never possessed life; as in the
proverbial expression *'as dead as a door-nail.” But
in the strict sense such application is not justifiable,
since the use of the terms dead and living implies
either in the past or in the present the possession of
the recognised properties of living matter. On the
other hand, the expressions living and lifeless, animate
and inanimate, furnish terms which are undoubtedly

1 “Lavie et la mort," English translation by W. J. Greenstreet, 1011,
P- 54
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antithetical, Strictly and literally, the words animate
and inanimate express the presence or absence of
“soul"; and not infrequently we find the terms * life »
and **soul ” erroneously employed as if identical. But
it is scarcely necessary for me to state that the remarks
I have to make regarding *life must not be taken
to apply to the conception to which the word *soul
is attached.

Problems of Life are Problems of Matter.

The fact that the formation of such a conception is
only possible in connection with life, and that the
growth and elaboration of the conception has only
been possible as the result of the most complex pro-
cesses of life in the most complex of living organisms,
has doubtless led to a belief in the identity of life with
soul. But unless the use of the expression “*soul” is
extended to a degree which would deprive it of all
special significance, the distinction between these terms
must be strictly maintained. For the problems of life
are essentially problems of matter; we cannot conceive
of life in the scientific sense as existing apart from
matter. The phenomena of life are investigated, and
can only be investigated, by the same methods as all
other phenomena of matter, and the general results
of such investigations tend to show that living beings
are governed by laws identical with those which govern
inanimate matter. . The more we study the manifesta-
tions of life, the more we become convinced of-the
truth of this statement and the less we are disposed
to call in the aid of a special and unknown form of
energy to explain those manifestations.

Phenomena, Indicative of Life: Movement,

The most obvious manifestation of life is ** spon-
taneous '’ movement. We see a man, a dog, a bird
move, and we know that they are alive. We place
a drop of pond water under the microscope, and see
numberléss particles rapidly moving within it;  we
affirm that it swarms with “life.” We notice a small
mass of clear slime changing its shape, throwing out
projections of its structureless substance, creeping from
one part of the field of the microscope to another.
We recognise that the slime is living; we give it a
name—Amoeba limaz—the slug amceba. We observe
similar movements in individual cells of our own body ;
in. the white corpuscles of our blood, in connective
tissue cells, in growing nerve cells, in young cells
everywhere. We denote the similarity between these
movements and those of the amacba by employing the
descriptive term ‘*‘amceboid " for both. We regard
such movements as indicative of the possession of
“life'"; nothing seems more justifiable than such an
inference,

Similarity of Movements in Living and Non-living
Matter.
_But physicists * show us movements of a precisely
similar ‘character in substances which no one by any
stretch of imagination can regard as living; move-
ments of oil drops, of organic and inorganic mixtures,
even of mercury globules, which are indistinguishable
in their character from those of the living organisms
we hm'(: been studying : movements which can only
be described by the same term amaeboid, yvet obviously
produced as the result of purely phvsical and chemical
reactions causing changes in surface tension of the
fluids under examination.® It is therefore certain that

2 G, Quinckg, ‘“‘ Annal, d, Physik. v. Chem.," 1870 and 1888.
% The causation not only of movements but of various other ifl

such movements are not specifically ** vital,” that themw
presence does not necessarily denote **life.””  And when
we investigate closely even such active movements as
those of a vibratile cilium or a phenomenon so closely
identified with life as the contraction of a muscle, we
find that these present so many analogies with
amaeboid movements as to render it certain that they
are fundamentally of the same character and produced
in much the same manner.* Nor can we for a moment
doubt that the complex actions which are characteristic
of the more highly differentiated organisms have been
developed in the course of evolution from the simple
movements characterising the activity of un-
differentiated protoplasm; movements which can
themselves, as we have seen, be perfectly imitated
by non-living material.  The chain of evidence
regarding this particular manifestation of life—~move-
ment—is complete. Whether exhibited as the amaeboid
movement of the proteus animalcule or of the white
corpuscle of our blood; as the ciliary motion of the
infusorian or of the ciliated cell; as the contraction
of a muscle under the governance of the will, or as
the throbbing of the human heart responsive to every
emotion ‘of the mind, we cannot' but conclude that it
is alike subject to and produced in conformity with the
general laws of matter, by agencies resembling those
which cause movements in lifeless material.®

Assimilation and Disussimilation,

It will perhaps be contended that the resemblances
between the movements of living and non-living matter
may be only superficial, and that the conclusion regard-
ing their identity to which we are led will be dissipated
when we endeavour to penetrate more deeply into the
working of living substance. For can we not recog-
nise ' along with ‘the possession of movement ' the

presence of other phenomena which are equally
characteristic of life and with which non-living
material is not endowed? Prominent among the

characteristic phenomena of life are the processes of
assimilation and disassimilation, the taking in of food
and its elaboration.® These, surely, it may be thought,
are not shared by matter which is not endowed with
life. Unfortunately for this argument, similar pro-
cesses occur characteristically in situations which no
one would think of associating with the presence of
life. A striking example of this is afforded by the
osmotic phenomena presented by solutions separated
from one another by semipermeable membranes or
films, a condition which is precisely that which is
constantly found in living matter.”

Chemical Phenomena accompanying Life.,

It is not so long ago that the chemistry of organic
matter was thought to be entirely different from that
of inorganic substances. But the line between in-
organic and organic chemistry, which up to the middle
of the last century appeared sharp, subsequently

4 G. F. Fitzgerald (Brit. Assoc. Reports, 1898, and Scient, Trans. Roy
Dublin Society, 1808) arrived at this conclusion with regard to muscle from
purcl)'vphynical considerations.

5 ““Vital spontaneity, so readily accepted by persons ignorant of biology,
is disproved by the whole history of science. Every vital manifestation is a
respgnse to a stimulus, a_provoked ph t is ur y to say
this 15 also the case with brute bodies, since that is precisely the foundation
of the great principle of the inertia of matter. It is plain that it is also as
ap'rlicable to living as to inanimate matter."—Dastre, 0. ¢it., p. 280, |

‘Ihererms ** ilation " and ‘‘ disassimilation " express the rhyﬂic:\l
and chemical changes which occur within protoplasm as the result of the
intake of nutrient material from the circumambient medium and its ultimate
transformation inte waste products which are passed out again into that
zv‘\edmrrLl ;l‘lhe whole cycle of these changes being embraced under the term

tions of life by alterations in surface tension of living substance is ably dealt
with b{ A, B. Maﬁnllum in a recent article in Asher and Spiro's ** Ergebnisse
der Physiologie,” 1911, Macallum has described an accumulation of
potassium salts at the more active surfaces of the protoplasm of many cells,
and correlates this with the production of cell-activity rw the effect of such
accumulation upon the surface tension. The literature of the subject will be
found in this article.
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7 Leduc (*The Mechanism of Life,” English translation by W. Deane
Butcher, 1911) has given many illustrations of this statement. In the
Report of the meeting of 1867 in Dundee is a paper by Dr. J. D. Heaton
(On Simulations of Vegetable Growths by Mineral Substances) dealing with
the same class of phenomena. e conditions of osmosis in cells have been
ecpecially studied by Hamburger (** Osmotischer Druck und Ionenlehre,
(Wiesbaden, 1902-4).
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became misty and has now disappeared. Similarly
the chemistry of living organisms, which is now a
recognised branch of organic chemistry, but used to
be considered as so much outside the domain of the
chemist that it could only be dealt with by those whose
special business it was to study ‘‘vital' processes, is
passing every day more out of the hands of the
biologist and into those of the pure chemist,

The Colloid Constitution of Living Matter.—Identity
of Physical and Chemical Processes in Living and
Non-living Matter.

Somewhat more than half a century ago Thomas
Graham published his epoch-making observations
relating to the properties of matter in the colloidal
state : observations which are proving all-important in
assisting our comprehension of the properties of living
substance. For it is becoming every day more
apparent that the chemistry and physics of the living
organism are essentially the chemistry and physics of
nitrogenous colloids. Living substance or protoplasm
always, in fact, takes the form of a colloidal solution.
In this solution the colloids are associated with
crystalloids (electrolytes), which are either free in the
solution or attached to the molecules of the colloids.
Surrounding and enclosing the living substance thus
constituted of both colloid and crystalloid material is
a film, probably also formed of colloid, but which
may have a lipoid substratum associated with it
(Overton). This film serves the purpose of an osmotic
membrane, permitting of exchanges by diffusion be-
tween the colloidal solution constituting the proto-
plasm and the circumambient medium in which it
lives. Other similar films or membranes occur in the
interior of protoplasm. These films have in many
cases specific characters, both physical and chemical,
thus favouring the diffusion of special kinds of
material into and out of the protoplasm and from
one part of the protoplasm to another. It is the
changes produced under these physical conditions,
associated with those caused by active chemical agents
formed within protoplasm and known as enzymes,
that effect assimilation and disassimilation. Quite
similar changes can be produced outside the body (in
vitro) by the employment of methods of a purely
physical and chemical nature. It is true that we are
not vet familiar with all the intermediate stages of
transformation of the materials which are taken in by
a living body into the materials which are given out
from it. But since the initial processes and the final
results are the same as they would be on the assump-
tion that the changes are brought about in conformity
with the known laws of chemistry and physics, we
may fairly conclude that all changes in living sub-
stance are brought about by ordinary chemical and
physical forces.

Similarity of the Processes of Growth and Reproduc-
tion ‘in Living and Non-living Matter.

Should it be contended that growth and reproduction
are properties possessed only by living bodies and
constitute a test by which we may differentiate
between life and non-life, between the animate and
inanimate creation, it must be replied that no con-
tention can be more fallacious. Inorganic crystals
grow and multiply and reproduce their like, given a
supply of the requisite pabulum. In most cases for
each kind of crystal there is, as with living organisms,
a limit of growth which is not exceeded, and further
increase of the crystalline matter results not in further
Increase in size but in multiplication of similar crystals.
Leduc has shown that the growth and division of
flrtiﬁciz;l colloids of an inorganic nature, when placed
I an  appropriate ' medium, present singular re-
semblances to the phenomena of the growth and
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division of living organisms. Even so complex a
process as the division of a cell-nucleus by karyokinesis
as a preliminary to the multiplication of the cell by
division—a phenomenon which would prima facie have
seemed and has been commonly regarded as a dis-
tinctive manifestation of the life of the cell—can be
imitated with solutions of a simple inorganic salt,
such as chloride of sodium, containing a suspension
of carbon particles; which arrange and rearrange
themselves under the influence of the movements of
the electrolytes in a manner indistinguishable from
that adopted by the particles of chromatin in a dividing
nucleus. And in the process of sexual reproduction,
the researches of J. Loeb and others upon the ova of
the sea-urchin have proved that we can no longer
consider such an apparently vital phenomenon as the
fertilisation of the egg as being the result of living
material brought to it by the spermatozoon, since it
is possible to start the process of the ovum and the
resulting formation of cells, and ultimately of all the
tissues and organs—in short, to bring about the
development of the whole body—if a simple chemical
reagent is substituted for the male element in the
process of fertilisation. Indeed, even a mechanical or
electrical stimulus may suffice to start development.

The Question of Vitalism and Vital Force,

Kurz und gut, as the Germans say, vitalism as a
working hypothesis has not only had its foundations
undermined, but most of the superstructure has toppled
over, and if any difficulties of explanation still persist,
we are justified in assuming that the cause is to be.
found in our imperfect knowledge of the constitution
and working of living material. At the best vitalism
explains nothing, and the term ‘‘vital force™ is an
expression of ignorance which can bring us no further
along the path of knowledge. Nor is the problem in
any way advanced by substituting for the term
“vitalism " * neo-vitalism,” and for ‘‘vital force”
“biotic energy.”* *New presbyter is but old priest
writ large.”

The Possibility of the Synthesis of Living Matter.

Further, in its chemical composition we are no
longer compelled to consider living substance as pos-
sessing infinite complexity, as was thought to be the
case when chemists first began to break up the pro-
teins of the body into their simpler constituents. The
researches of Miescher, which have, been continued and
elaborated by Kossel and his pupils, have acquainted
us with the fact that a body so important for the
nutritive and reproductive functions of the cell as the
nucleus—which may be said indeed to represent the
quintessence of cell-life—possesses a chemical constitu-
tion of no very great complexity; so that we may
even hope some day to see the material which com-
poses it prepared synthetically. And when we consider
that the nucleus is not only itself formed of living
substance, but is capable of causing other living sub-
stance to be built up; is, in fact, the directing agent
in all the principal chemical changes which take place
within the living cell, it must be admitted that we are
a long step forward in our knowledge of the chemical
basis of life. That it is the form of nuclear matter
rather than its chemical and molecular structure which
is the important factor in nuclear activity cannot be
supposed. The form of nuclei, as every microscopist
knows, varies infinitely, and there are numerous living
organisms in which the nuclear matter is without
form, appearing simply as granules distributed in the
protoplasm. Not that the form assumed and the
8 B. Moore, in ‘‘ Recent Advances in Physiology,” 19¢6; Moore and
Roaf, ibid, ; and *‘ Further Advances in Physiology,” 1909 Moore lays
especial stress on the transformations of energy which occur in pratoplasm.

See on the question of vitalism Gley (Revue Scientifique, 1911) and
D'Arcy Thompson (Address 10 Section D at Portsmouth, tgr1).
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transformations undergone by the nucleus are without
importance; but it is none the less true that even in
an amorphous condition the material which in the
ordinary cell takes the form of a **nucleus' may, in
simpler organisms which have not in the process of
evolution become complete cells, fulfil functions in
many respects similar to those fulfilled by the nucleus
of the more differentiated organism.

A similar anticipation regarding the probability of
eventual synthetic production may be made for the
roteins of the cell-substance. Considerable progress
in this direction has indeed already been made by
Emil Fischer, who has for many years been engaged
in the task of building up the nitrogenous combina-
tions which enter into the formation of the complex
molecule of protein. It is satisfactory to know that
the significance of the work both of Fischer and of
Kossel in this field of biological chemistry has been
recognised by the award to each of these distinguished
chemists of a Nobel prize.

The Chemical Constitution of Living Substance.

The elements composing ‘living substance are few
in number. Those which are constantly present are
carbon, hydrogen, oxygen, and nitrogen. With these,
both in nuclear matter and also, but to a less degree,
in the more diffuse living material which we know as
protoplasm, phosphorus is always associated. **Ohne
Phosphor kein Gedank” is an accepted aphorism
**Ohne Phosphor kein Leben ™ is equally true. More-
over, a large proportion, rarely less than 70 per cent.,
of water appears essential for any manifestation of
life, although not in all cases necessary for its con-
tinuance, since organisms are known which will bear
the loss of the greater part if not the whole of the
water they contain without permanent impairment of
their vitality. The presence of certain inorganic salts

is no less essential, chief amongst them being chloride,

of sodium and salts of calcium, magnesium, potassium,
and iron. The combination of these elements into a
colloidal compound represents the chemical basis of
life; and when the chemist succeeds in building up
this ‘compound it will without doubt be found to
exhibit the phenomena which we are in the habit of
associating with the term **life.” *

Source of Life. The Possibility of Spontaneous
(Greneration,

The above considerations seem to point to the con-
clusion that the possibility of the production of life—
i.e., of living material—is not so remote as has been
generally assumed. Since the experiments of Pasteur,
few have ventured to affirm a belief in the spontaneous
generation of bacteria and monads and other micro-
organisms, although before his time this was by many
believed to be of universal occurrence. My esteemed
friend Dr. Charlton Bastian is, so far as I am aware,
the only scientific man of eminence who still adheres
to the old creed, and Dr. Bastian, in spite of numerous
experiments and the publication of many books and
papers, has not hitherto succeeded in winning over
any converts to his opinion. I am myself so entirely
convinced of the accuracy of the results which Pasteur
obtained—are they not within the daily and hourly
experience of everyone who deals with the sterilisation
of organic solutions ?—that I do not hesitate to believe,
if living torulze or mycelia are exhibited to me in
flasks which had been subjected to prolonged boiling
after being hermetically sealed, that there has been
some fallacy either in the premisses or in the carrying
out of the operation. The appearance of organisms in
such flasks would not furnish to my mind proof that

9 The most recent account of the chemistry of protoplasm is that by

Botazzi (** Das Cytoplasma u. die Korpersifte ") in Winterstein's ““ Handb.
d. vergl. Physiologie,” Bd. 1., 19ra. ‘:ﬁe literature is given in this article.
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they were the result of spontaneous generation.  Assum-
ing no fault in manipulation or fallacy in observa-
tion, I should find it simpler to believe that the germs
of such organisms have resisted the effects of pro-
longed heat than that they became generated spon-
taneously. If spontancous generation is ppsmblu,. we
cannot expect it to take the form of living beings
which show so marked a degree of differentiation, both
structural and functional, as the organisms which are
described as making their appearance in these experi-
mental flasks.'® Nor should we expect the spontaneous
generation of living substance of any kind to occur in
a fluid the organic constituents of which have been
so altered by heat that they can retain no sort of
chemical resemblance to the organic constituents of
living matter. If the formation of life—of living sub-
stance—is possible at the present day—and for my
own part I see no reason to doubt it—a boiled infusion
of organic matter—and still less of inorganic matter—
is the last place in which to look for it. Our mistrust
of such evidence as has yet been brought forward
need not, however, preclude us from admitting the
possibility of the formation of living from non-living
substance.'!
Life a Product of Evolution.

Setting aside, as devoid of scientific foundation, the
idea of immediate supernatural intervention in the first
production of life, we are not only justified in believing,
but compelled to believe, that living matter must have
owed its origin to causes similar in character to those
which have been instrumental in producing all other
forms of matter in the universe; in other words, to a
process of gradual evolution.’”® But it has been cus-
tomary of late amongst biologists to shelve the in-
vestigation of the mode of origin of life by evolution
from non-living matter by relegating its solution to
some former condition of the earth’s history, when,
it is assumed, opportunities were accidentally favour-
able for the passage of inanimate matter into animate;
such opportunities, it is also assumed, having never
since recurred and being never likely to recur.'?

Various eminent scientific men have even supposed
that life has not actually originated upon our globe,
but has been brought to it from another planet or
from another stellar system. Some of my audience
may still remember the controversy that was excited
when the theory of the origin of terrestial life by the
intermediation of a meteorite was propounded by Sir
William Thomson in his Presidential Address at the

10 It is fair to point out that Dr. Bastian suggests that the formation of
ultramicroscopic living particles may precede the appearance of the micro+
scoric organisms which he describes.. *‘ The Origin of |ife,” 1911, p. 65.

11 The present position of the subject is succinctly stated by Dr, Chalmers
Mitchell in his article on ‘* Abiogenesis " in the ** Encyclopa:dia Britannica.”
Dr. Mitchell adds : “‘ It mav be that in the progress of science it may yet be
possible to construct living protoplasm from non-living material. The refuta-
tion of abiogenesis has no further bearing on this possihility than to make it
grobahle that if protoplasm ultimately be formed in the laboratory, it will be

y a series of steps, the earlier steps being the formation of some substance,
or substances. now unknown, which are not protoplasm. Such intermediate
stages may have existed in the past.” And Huxley in his Presidential
Address at Liverpool in 1870 says: *‘ But though I cannot express this con-
viction " (7.e., of the impossibility of the occurrence of abiogenesis as
exemplified by the appearance of organisms in hermetically sealed and
sterilised flasks) ‘' too strongly, I must carefully guard myul¥ against the
supposition that I intend to sugeest that no such thing as abiogenesis ever
has taken place in the past or ever will take place in the future. With
organic chemistry, molecular physics and physiology yet in their infancy and
every day making prodigious strides, I think it would he the height of
presumption for any man to say that the conditions under which matter
assumes the properties we call “vital” may not, some day, be artificially
brought together.”

12 The arguments in favour of this proposition have been arrayed by
Meldola in his Herbert Spencer Lecture, 1910, pp. 16-24. Meldola leaves
the question open whether such evolution has occurred only in past years or
is also taking place now. He concludes that whereas certain carbon com-
pounds have survived by reason of possessing extreme stabili'y, others—the
rns-‘}"’wﬂ of living matter—survived owing to the possession of extreme
ability and acaptability to variable conditions of environment. = A similar
suggestion was previously made by l.ockyer, ** Inorganic Evolution," 1900,
pp. 169, 170.

13 '? H. Huxley, Presidential Address, 1870 ; A, B. Macallum, ' On the
Origin of Life on the Globe,"” in Trans, Canadian Institute, VIII,
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meeting of this Association in Edinburgh in 1871. To
this ** meteorite " theory '* the apparently fatal objec-
tion was raised that it would take some sixty million
years for a meteorite to travel from the nearest stellar
system to our earth, and it is inconceivable that any
kind of life could be maintained during such a period.
Even from the nearest planet 150 years would be
necessary, and the heating of the meteorite in passing
through our atmosphere and at its impact with the
earth would, in all probability, destroy any life which
might have existed within it. A cognate theory, that
of cosmic panspermia, assumes that life may exist
and may have existed indefinitely in cosmic dust in
the interstellar spaces (Richter, 1865; Cohn, 1872),
and may with this dust fall slowly to the earth without
undergoing the heating which is experienced by a
meteorite. Arrhenius,'® who adopts this theory, states
that if living germs were carried through the ether
by luminous and other radiations the time necessary
for their transportation from our globe to the nearest
stellar system would be only nine thousand years, and
to Mars only twenty days !

But the acceptance of such theories of the arrival
of life on the earth does not bring us any nearer to a
conception of its actual mode of origin; on the con-
trary, it merely serves to banish the investigation of
the question to some conveniently inaccessible corner
of the universe and leaves us in the unsatisfactory posi-
tion of affirming not only that we have no knowledge
as to the mode of origin of life—which is unfortunately
true—but that we never can acquire such knowledge
—which it is to be hoped is not true.'* Knowing
what we ‘know, and believing what we believe, as to
the part played by evolution in the development of
terestrial matter, we are, I think (without denying
the possibility of the existence of life in other parts of
the universe '7), justified in regarding these cosmic
theories as inherently improbable—at least in com-
parison with the solution of the problem which the
evolutionary hypothesis offers.!*

The Evolutionary Hypothesis as applied to the Origin
of Life.

1 assume that the majority of my audience have at
least a general idea of the scope of this hypothesis,
the general acceptance of which has within the last
sixty years altered the whole aspect not only of
biology, but of every other branch of natural science,
including astronomy, geology, physics, and chemistry.'*
To those who have not this familiarity I would recom-
mend the perusal of a little book by Prof. Judd entitled
“The Coming of Evolution,” which has recently
appeared as one of the Cambridge manuals. T know
of no similar book in which the subject is as clearly
and succinctly treated. Although the author nowhere

14 First suggested, according to Dastre, by de Salles-Guyon (Dastre,
op, cits, p. 252). The theory received the supgort of Hclmlgghz‘

1 ““?orlc?u in the Making,” transl. by H. Borns, chap. viii., p. 221, 1908,

16 “ The history of science shows how dangerous it is to brush aside
mysteries—7 e., unsolved problems—and to interpose the barrier placarded
‘eternal—no thoroughfare.' "—R. Meldola, Herbert Spencer Lecture, 1910,

17 Some authorities, such as Errera, contend, with much probability, that
the conditions in interstellar space are such that life, as we understand it,
could not possibly exist there.

As Verworn points out, such theories would equally apply to the origin
of any other chemical combination, whether inorganic or organic, which is
met with on our globe, so that they lead directly to absurd conclusions.—
‘“Allgemeine Physiologie,” 1911. y

19 Ay Meldola insists, this general acceptance was in the first instance
largely due to the writings of Herbert Spencer: ‘‘ We are now prepared for
evolution in every domain . , . As in the case of most great generalisations,
lhousht had been moving in this direction for many years. . . . Lamarck
and Buffon had suggested a defini L of organic development,

nt and Laplace a principle of celestial evolution, while Lyell had placed
Mloq upon an evolutionary basis. The principle of continuity was
beginning to be recognised in physical science. . .. It was Spencer who
brought these independent lines of 1hought to a focus, and who was the first
to make any angm-vic attempt to show that the law of developnent
::pru;:d in its widest and most abstract form was universally followed
0;0':5’?!‘:: :::lmical processes, inorganic, organic, and super-organic.”—
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expresses the opinion that the actual origin of life
on the earth has arisen by evolution from non-living
matter, it is impossible to read either this or any
similar exposition in which the essential unity of the
evolutionary process is insisted upon without conclud-
ing that the origin of life must have been due to the
same process, this process being, without exception,
continuous, and admitting of no gap at any part of
its course. Looking, therefore, at the evolution of
living matter by the light which is shed upon it from
the study of the evolution of matter in general, we
are led to regard it as having been produced, not by
a sudden alteration, whether exerted by natural or
supernatural agency, but by a gradual process of
change from material which was lifeless, through
material on the borderland between inanimate and
animate, to material which has all the characteristics
to which we attach the term *“life.” So far from
expecting a sudden leap from an inorganic, or at
least an unorganised, into an organic and organised
condition, from an entirely inanimate substance to a
completely animate state of being, should we not
rather expect a gradual procession of changes from
inorganic to organic matter, through stages of
gradually increasing complexity until material which
can be termed living is attained? And in place of
looking for the production of fully formed living
organisms in hermetically sealed flasks, should we not
rather search Nature herself, under natural conditions,
for evidence of the existence, either in the past or in
the present, of transitional forms between living and
non-living matter?

The difficulty, nay, the impossibility, of obtaining
evidence of such evolution from the past history of
the globe is obvious. Both the hypothetical transi-
tional material and the living material which was
originally evolved from it may, as Macallum has
suggested, have taken the form of diffused ultra-
microscopic particles of living substance **; and even
if they were not diffused but aggregated into masses,
these masses could have been physically nothing more
than colloidal watery slime which would leave no
impress upon any geological formation. Myriads of
years may have elapsed before some sort of skeleton
in the shape of calcareous or siliceous spicules began
to evolve itself, and thus enabled *‘life,” which must
already have possessed a prolonged existence, to make
any sort of geological record. It follows that in
attempting to pursue the evolution of living matter
to its beginning in terrestrial history we can only
expect to be confronted with a blank wall of nescience.

The problem would appear to be hopeless of ulti-
mate solution if we are rigidly confined to the supposi-
tion that the evolution ol*' life has only occurred once
in the past history of the globe. But are we justified
in assuming that at one period only, and as it were
by a fortunate and fortuitous concomitation of sub-
stance and circumstance, living matter became evolved
out of non-living matter—life became established? Is
there any valid reason to conclude that at some pre-
vious period of its history our earth was more favour-
ably circumstanced for the production of life than it
is now?* 1 have vainly sought for such reason, and
if none be forthcoming the conclusion forces itself
upon us that the evolution of non-living into living
substance has happened more than once—and we can
be by no means sure that it may not be happening
still,

2 There still exist in fact forms of life which the microscope cannot show
us (E. A, Minchin, Presidential Address to Quekett Cluh, 1911), and germs
which are capable of passing through the pores of a Chamberland filter.

21 Chalmers Mitchell (Article ** Life,” ‘‘ Encycl. Brit.,” eleventh editions
writes as follows : ** It has been suggested from time to time that condition)
very unlike those now existing were necessary for the first a:’peannco of
life, and must be repeated if living matter is to be reconstituted artificially.

No support for such a view can be derived from observations of the existing
conditions of life.”
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It is true that up to the present there is no evidence
of such happening; no process of transition has
hitherto been observed. But, on the other hand, is it
not equally true that the kind of evidence which would
be of any real value in determining this question has
not hitherto been looked for? We may be certain
that if life is being produced from non-living sub-
stance, it will be life of a far simpler character than
any that has yet been observed—in material . which we
shall be uncertain whether to call animate or in-
animate, even if we are able to detect it at all, and
which we may not be able to visualise physically even
after we have become convinced of its existence.** But
we can look with the mind’s eye and follow in imagina-
tion the transformation which non-living matter may
have undergone and may still be undergoing to pro-
duce living substance. No principle of evolution is
better founded than that insisted upon by Sir Charles
Lyell, justly termed by Huxley ** the greatest geologist
of his time,” that we must interpret the past history
of our globe by the present; that we must seek for
an explanation of what has happened by the study of
what is happening; that, given similar circumstances,
what has occurred at one time will probably occur at
another, The process of evolution is universal. The
inorganic materials of the globe are continually under-
going transition, New chemical combinations are
constantly being formed and old ones broken up; new
clements are making their appearance and old elements
disappearing.?* Well may we ask ourselves why the
production of living matter alone should be subject
to other laws than those which have produced, and
are producing, the various forms of non-living matter ;
why what has happened may not happen. If living
matter has been evolved from lifeless in the past, we
are justified in accepting the conclusion that its evolu-
tion is possible in the present and in the future.
Indeed, we are not only justified in accepting this
conclusion, we are forced to accept it. When or where
such change from non-living to living matter may first
have occurred, when or where it may have con-
tinued, when or where it may still be occurring,
are problems as difficult as they are interesting, but we
have no right to assume that they are insoluble.
¢ Since living matter always contains water as its
most abundant constituent, and since the first living
organisms recognisable as such in the geological
series were aquatic, it has generally been assumed that
life must first have made its appearance in the depths
of the ocean.?* 1Is it, however, certain that the as-
sumption that life originated in the sea is correct?
Is not the land-surface of our globe quite as likely to
have been the nidus for the evolutionary transforma-
tion of non-living into living material as the waters
which surround it? Within this soil almost any
chemical transformation may occur; it is subjected
much more than matters dissolved in sea-water to
those fluctuations of moisture, temperature, electricity,
and luminosity which are potent in producing chemical
changes. But whether life, in the form of a simple
slimy colloid, originated in the depths of the sea or
on the surface of the land, it would be equally impos-
sible for the geologist to trace its beginnings, and
were it still becoming evolved in the same situations,
it would be almost as impossible for the microscopist

22 ' Spontaneous generation of life could only be perceptually demon-
strated by filling in the long terms of a series between the complex forms of
inorganic and the simplest forms of organic substance. Were this done, it
is quite possible that we should be unable to say (especially considering the
vagueness of our definitions of life) where life began or ended.”—K.
Pearson, *‘ Grammar of Science,” second edition, 1900, p. 350.

23 See on the production of elements, W. Crookes, Address to Section B,
Brit. Assoc., 1886; T, Preston, NATURE, vol. Ix., p. 180; J. J. Thomson,
Phil. Mag., 1897, p. 311; Norman Lockyer, op. cit., 1900 ; G. Darwin,
Pres. Addr. Brit. Association., 19os.

24 For arguments in favour of the first appearance of life having been in

the sea, see A, B. Macallum, *“ The Pal@ochemistry of the Ocean,” Trans.
Canad. Instit., 1903-4. ]
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to follow its evolution. We are therefore not likely
to obtain direct evidence regarding such a trans-
formation of non-living into living matter in nature,
even if it is occurring under our eyes.

An obvious objection to the idea that the production
of living matter from non-living has happened more
than once is that, had this been the case, the geological.
record should reveal more than one pal@ontological
series. This objection assumes that evolution would
in every case take an exactly similar course and pro-
ceed to the same goal—an assumption which is, to
say the least, improbable. 1f, as might well be the
case, in any other palazontological series than the one
with which we are acquainted the process of evolution
of living beings did not proceed beyond Protista, there
would be no obvious geological evidence regarding
it; such evidence would only be discoverable by &
carefully directed search made with that particular
object in view.** I would not by any means minimise
the difficulties which attend the suggestion that the
evolution of life may have occurred more than once
or may still be happening, but, on the other hand, it
must not be ignored that those which attend the
assumption that the production of life has occurred
once only are equally serious. Indeed, had the ide:
of the possibility of a multiple evolution of living sub-
stance been first in the field, I doubt if the prevalent
belief regarding a single fortuitous production of life
upon the globe would have become established among
biologists—so much are we liable to be influenced by
the impressions we receive in scientific childhood !

Further Course of Evolution of Life,

Assuming the evolution of living matter to have
occurred—whether once only or more frequently
matters not for the moment—and in the form sug-
gested, viz., as a mass of colloidal slime possessing
the property of assimilation and therefore of growth,
reproduction would follow as a matter of course. For
all material of this physical nature—fluid or semi-
fluid in character—has a tendency to undergo sub-
division when its bulk exceeds a certain size. The
subdivision may be into equal or nearly equal parts,
or it may take the form of buds, In either case every
separated part would resemble the parent in chemical
and physical properties, and would equally possess the
property of taking in and assimilating suitable
material from its liquid environment, growing in bulk
and reproducing its like by subdivision, Omne vivum
e vivo. In this way from any beginning of living
material a primitive form of life would spread, and
would gradually people the globe. The establishment
of life being once effected, all forms of organisation
follow under the inevitable laws of evolution. Ce
n’est que le premier pas qui cotite,

We can trace in imagination the segregation of a
more highly phosphorised portion of the primitive
living matter, which we may now consider to have
become more akin to the protoplasm of organisms
with which we are familiar. ‘This more phosphorised
portion might not for myriads of generations take
the form of a definite nucleus, but it would be com-
posed of material having a composition and qualities
similar to those of the nucleus of a cell. Prominent
among these qualities is that of catalysis—the func-

25 Lan} (Art. *‘Pr ," “Encycl. Brit.,"” tenth edition) conceives,
that the first protoplasm fed on the antecedent steps in its own evolution.
F. J. Allen (Brit. Assoc. Reports, 1896) comes to the conclusion that living
substance is probably constantly being produced, but that this fails to make
wself evident owing to the substance being seized and assimilated by exist-
ing organisms. He believes that ‘‘in accounting for the first origin of life
on this earth it is not necessary that, as Pfliiger assumed, the planet should
have been at a former period a glowing fire-ball,” He *‘prefers to believe
that the circumstances which support life would also favour its origin.”
And elsewhere: “ Life is not an extraordinary phenomenon, not even an

importation .from some other sphere, but rather the actual outcome of
circumstances on this earth.” g .
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tion of effecting profound chemical changes in other
material in contact with it without itself undergoing
permanent change. This catalytic function may have
been exercised directly by the living substance or may
have been carried on through the agency of the
enzymes already mentioned, which are also of a colloid
nature but of simpler constitution than itself, and
which  differ from the catalytic agents employed
by the chemist in the fact that they produce their
effects at a relatively low temperature. In the course
of evolution special enzymes would become developed
for adaptation to special conditions of life, and with
the appearance of these and other modifications, a
process of differentiation of primitive living matter
into individuals with - definite specific characters
gradually became established. We can conceive of
the production in this way from originally undif-
ferentiated living substance of simple differentiated
organisms comparable to the lowest forms of Protista.
But how long it may have taken to arrive at this
stage we have no means of ascertaining., To judge
from the evidence afforded by the evolution of higher
organisms it would seem that a vast period of time
would be necessary for even this amount of organisa-
tion to establish itself.

Formation of the Nucleated Cell.

The next important phase in the process of evolu-
tion would be the segregation and moulding of the
diffused or irregularly aggregated nuclear matter into
a definite nucleus around which all the chemical
activity of the organism will in future be centred.
Whether this change were due to a slow and gradual
process of segregation or of the nature of a jump,
such as Nature does occasionally make, the result
would be the advancement of the living organism to
the condition of a complete nucleated cell: a material
advance not only in organisation, but—still more
important—in potentiality for future development.
Life is now embodied in the cell, and every living
being' evolved from this will itself be either a cell or a
cell-aggregate.  Omnis cellula e cellula.

istablishment of Sexual Differences.

After the appearance of a nucleus—but how long
after it is impossible to conjecture—another pheno-
menon appeared upon the scene in the occasional
exchange of nuclear substance between cells. In this
manner became established the process of sexual re-
production. Such exchange in the unicellular Protista
might and may occur between any two cells forming
the species, buf in the multicellular” Metazoa it became
—like other functions—specialised in particular cells.
The result of the exchange is rejuvenescence; asso-
ciated with an increased tendency to subdivide and
to produce new individuals. This is due to the intro-
duction of a stimulating or catalytic chemical agent
into the cell which is to be rejuvenated, as is proved
by the experiments of Loeb already alluded to. It is
true that the chemical material introduced into the
germ-cell in the ordinary process of its fertilisation
by the sperm-cell is usually accompanied by the intro-
duction of definite morphological elements which
blend with others already contained within the germ-
cell, and it is believed that the transmission of such
morphological elements of the parental nuclei is related
to the transmission of parental qualities. But we must
not be blind to the possibility that these transmitted
qualities may be connected with specific chemical
characters of the transmitted elements; in other
Words, that heredity also is one of the questions the
eventual solution of which we must look to the chemist
to provide.
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Aggregale Life.

So far we have been chiefly considering life as it
is found in the simplest forms of living substance,
organisms for the most part entirely microscopic and
neither distinctively animal nor vegetable, which were
grouped together by Haeckel as a separate kingdom
of animated nature—that of Protista. But persons un-
familiar with the microscope are not in the habit of
associating the term *life” with microscopic
organisms, whether these take the form of cells or
of minute portions of living substance which have not
yet attained to that dignity. We most of us speak
and think of life as it occurs in ourselves and other
animals with which we are familiar; and as we find
it in the plants around us. We recognise it in these
by the possession of certain properties—movement,
nutrition, growth, and reproduction. We are not
aware by intuition, nor can we ascertain without the
employment of the microscope, that we and all the
higher living beings, whether animal or vegetable,
are entirely formed of aggregates of nucleated cells,
each microscopic and each possessing its own life.
Nor could we suspect by intuition that what we term
our life is not a single indivisible property, capable
of being blown out with a puff like the ﬁvame of a
sandle; but is the aggregate of the 'lives of many
millions of living cells of which the body is composed.
It is but a short while ago that this cell-constitution
was discovered : it occurred within the lifetime, even
within the memory, of some who are still with us.
What a marvellous distance we have travelled since
then in the path of knowledge of living organisms?!
The strides which were made in the advance of the
mechanical sciences during the nineteenth century,
which is generally considered to mark that century
as an age of unexampled progress, are as nothing
in ‘comparison with those made in the domain of
biology, and their interest is entirely dwarfed by that
which is aroused by the facts relating to the pheno-
mena of life which have accumulated within the same
period. And not the least remarkable of these facts
is the discovery of the cell-structure of plants and
animals !

Evolution of the Cell-aggregate. '

Let us consider how cell-aggregates came to be
evolved from organisms consisting of single cells.
Two methods are possible—viz, (1) the adhesion of a
number of originally separate individuals; (2) the
subdivision of a single individual without the products
of its subdivision breaking loose from one another.
No doubt this last is the manner whereby the cell-
aggregate was originally formed, since it is that by
which it is still produced, and we know that the life-
history of the individual is an epitome of that of the
species, ~ Such aggregates were in the beginning solid ;
the cells in contact with one another and even in con-
tinuity : subsequently a space or cavity became
formed in the interior of the mass, which was thus
converted into a hollow sphere. All the cells of the
aggregate were at first perfectly similar in structure
and in function; there was no subdivision of labour.
All would take part in effecting locomotion; all would
receive stimuli  from outside; all would take
in and digest nutrient matter, which would then
be passed into the cavity of the sphere to serve as a
common store of nourishment. Such organisms are
still found, and constitute the lowest types of Metazoa.
Later one part of the hollow sphere became dimpled
to form a cupj; the cavity of the sphere became corre-
spondingly altered in shape. With this change in
structure, differentiation of function between the cells
covering the outside and those lining the insid_c of the
cup made its appearance. Those on the outside sub-
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served locomotor functions and received and trans-
mitted from cell to cell stimuli, physical or chemical,
received by the organism; while those on the inside,
being freed from such functions, tended to specialise
in the direction of the inception and digestion of
nutrient material; which, passing from them into the
cavity of the invaginated sphere, served for the
nourishment of all the cells composing the organism.
The further course of evolution produced many changes
of form and ever-increasing complexity of the cavity
thus produced by simple invagination. Some of the
cell-aggregates settled down to a sedentary life,
becoming plant-like in appearance and to some extent
in habit. Such organisms, complex in form but simple
in structure, are the Sponges. Their several parts are
not, as in the higher Metazoa, closely interdependent :
the destruction of any one part, however extensive,
does not either immediately or ultimately involve death
of the rest: all parts function separately, although
doubtless mutually benefiting by their conjunction, if
only by slow diffusion of nutrient fluid throughout
the mass. There is already some differentiation in
these organisms, but the absence of a nervous system
prevents any general coordination, and the individual
cells are largely independent of one another.

"Our own life, like that of all the higher animals,
is an aggregate life; the life of the whole is the life
of the individual cells. The life of some of these cells
can be put an end to, the rest may continue to live.
This is, in fact, happening every moment of our lives.
The cells which cover the surface of our body, which
form the scarf-skin and the hairs and nails, are con-
stantly dying and the dead cells are rubbed off or
cut away, their place being taken by others supplied
from living layers beneath. But the death of these
cells does not affect the vitality of the body as a whole.
They serve merely as a protection, or an ornamental
cowring, but are otherwise not material to our exist-
ence. n the other hand, if a few cells, such as those
nerve-cells under the influence of which respiration is
carried on, are destroyed or injured, within a minute
or two the whole living machine comes to a standstill,
so that to the bystander the patient is dead; even the
doctor will pronounce life to be extinct. But this
pronouncement is correct only in a special sense.
What has happened is that, owing to the cessation of
respiration, the supply of oxygen to the tissues is cut
off. And since the manifestations of life cease without
this supply, the animal or patient appears to be dead.
If, however, within a short period we supply the
needed oxygen to the tissues requiring it, all the
manifestations of life reappear.

It is only some cells which lose their vitality at the
moment of so-called * general death.” Many cells of
the body retain their individual life in suitable
circumstances long after the rest of the body is dead.
Notable among these are muscle-cells. McWilliam
showed that the muscle-cells of the blood-vessels give
indications of life several days after an animal has
been killed. The muscle-cells of the heart in mammals
have been revived and caused to beat regularly and
strongly many hours after apparent death. In man
this result has been obtained by Kuliabko as many as
eighteen hours after life had been pronounced extinct;
in animals after days had elapsed. Waller has shown
that indications of life can be elicited from various
tissues many hours and even days after general death.
Sherrington observed the white corpuscles of the blood
to be active when kept in a suitable nutrient fluid
weeks after removal from the blood-vessels, A French
histologist, Jolly, has found that the white corpuscles
of the frog, if kept in a cool place and under suitable
conditions, show at the end of a year all the ordinary
manifestations of life. Carrell and Burrows have
observed activity and growth to continue for long
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periods in the isolated cells of a number of tissues
and organs kept under observation in a suitable
medium. Carrell has succeeded in substituting entire
organs obtained after death from one animal for those
of another of the same species, and has thereby opened
up a field of surgical treatment the limit of which
cannot vet be descried. It is a well-established fact
that any part of the body can be maintained alive for
hours isolated from the rest if the blood-vessels are
perfused with an oxygenated solution of salts in cer-
tain proportions (Ringer). Such revival and prolonga-
tion of the life of separated organs is an ordinary
procedure in laboratories of physiology. Like all the
other instances enumerated, it is based on the fact
that the individual cells of an organ have a life of their
own which is largely independent, so that they will
continue in suitable circumstances to live, allelough
the rest of the body to which they belonged may be
dead.

But some cells, and the organs which are formed
of them, are more necessary to maintain the life of
the aggregate than others, on account of the nature of
the functions which have become specialised in them.
This is the case with the nerve-cells of the respiratory
centre, since they preside over the movements which
are necessary to effect oxygenation of the blood. It
is also true for the cells which compose the heart,
since this serves to pump oxygenated blood to all
other cells of the body : without such blood most cells
soon cease to live. Hence we examine respiration and
heart to determine if life is present: when one or
both of these are at a standstill we know that life
cannot be maintained. These are not the only organs
necessary for the maintenance of life, but the loss of
others can be borne longer, since the functions which
they subserve, although useful or even essential to
the organism, can be dispensed with for a time. The
life of some cells is therefore more, of others less,
necessary, for maintaining the life of the rest. On the
other hand, the cells composing certain organs have
in the course of evolution ceased to be necessary, and
their continued existence may even be harmful.
Wiedersheim has enumerated more than a hundred of
these organs in the human body. Doubtless Nature
is doing her best to get rid of them for us, and our
descendants will some day have ceased to possess a
vermiform appendix or a pharyngeal tonsil; until that
epoch arrives we must rely for their removal on the
more rapid methods of surgery!

The Maintenance of the Life of the Cell-aggregate in
the Higher Animals.—Coordinating Mechanisms.
We ‘have seen that in the simplest multicellular

organisms, where one cell of the aggregate differs but

little from another, the conditions for the maintenance
of the life of the whole are nearly as simple as those
for individual cells. But the life of a cell-aggregate
such as composes the bodies of the higher animals is
maintained not only by the conditions for the mainten-
ance of the life of the individual cell being kept
favourable, but also by the.coordination of the varied
activities of the cells which form the aggregate.

Whereas in the lowest Metazoa all cells of the aggre-

gate are alike in structure and function and perform

and share everything in common, in higher animals

(and for that matter in the higher plants also) the

cells have become specialised, and each is only adapted

for the performance of a particular function. Thus
the cells of the gastric glands are only adapted for
the secretion of gastric juice, the cells of the villi for
the absorption of digested matters from the intestine,
the cells of the kidney for the removal of waste pro-

ducts and superfluous water from the blood, those o

the heart for pumping blood through the vessels.

Each of these cells has its individual life and performs
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its individual functions. But unless there were some
sort of cooperation and subordination to the needs of
the body generally, there would be sometimes too little,
sometimes too much gastric juice secreted; sometimes
too tardy, sometimes too rapid an absorption from the
intestine; sometimes too little, sometimes too much
blood pumped into the arteries, and so on. As the
result of such lack of cooperation the life of the whole
would cease to be normal and would eventually cease
to be maintained.

We have already seen what are the conditions which
are favourable for the maintenance of life of the
individual cell, no matter where situated. The prin-
cipal condition is that it must be bathed by a nutrient
fluid of suitable and constant composition. In higher
animals this fluid is the lymph, which bathes the tissue
elements and is itself constantly supplied with fresh
nutriment and oxygen by the blood. Some tissue-cells
are directly bathed by blood; and in invertebrates, in
which there is no special system of lymph-vessels, all
the tissues are thus nourished. All cells both take
from and give to the blood, but not the same materials
or to an equal extent. Some, such as the absorbing
cells of the villi, almost exclusively give; others, such
as the cells of the renal tubules, almost exclusively
take. Nevertheless, the resultant of all the give and
take throughout the body serves to maintain the com-
position of the blood constant in all circumstances.
In this way the first condition of the maintenance of
the life of the aggregate is fulfilled by insuring that the
life of the individual cells composing it is kept normal.

The second essential condition for the maintenance
of life of the cell-aggregate is the coordination of its
parts and the due regulation of their activity, so that
they may work together for the benefit of the whole.
In the animal body this is effected in two ways : first,
through the nervous system; and second, by the action
of specific chemical substances which are formed in
certain organs and carried by the blood to other parts
of the body, the cells of which they excite to activity.
These substances have received the general designa-
tion of **hormones” (dpudw, to stir up), a term intro-
duced by Prof. Starling. Their action, and indeed
their very existence, has only been recognised of late
years, although the part which they play in the physio-
logy of animals appears to be only second in import-
ahee to that of the nervous system itself; indeed,
maintenance of life may become impossible in the
absence of certain of these hormones.

Part played by the Nervous System in the Maintenance
of Aggregate Life.~Evolution of a Nervous System.

Before we consider the manner in which the nervous
system serves to coordinate the life of the cell-aggre-
gate, let us see how it has become evolved.

The first step in the process was taken when certain
of the cells of the external layer became specially
sensitive to stimuli from outside, whether caused by
mechanical impressions (tactile and auditory stimuli)
or impressions of light and darkness (visual stimuli)
or chemical impressions. The effects of such impres-
sions were probably at first simply communicated to
adjacent cells and spread from cell to cell throughout
the mass. An advance was made when the more
impressionable cells threw out branching feelers
amongst the other cells of the organism. Such feelers
would convey the effects of stimuli with greater
rapidity and directness to distant parts. They may
at first have been retractile, in this respect resembling
the long pseudopodia of certain Rhizopoda. When
they became fixed they would be potential nerve-fibres
and would represent the beginning of a nervous
system. Even yet (as Ross Harrison has shown), in
the course of development of nerve-fibres, each fibre
makes its appearance as an amceboid cell-process which
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is at first retractile, but gradually grows into the
position it is eventually to occupy and in which it
will become fixed.

In the further course of evolution a certain number
of these specialised cells of the external layer sank
below the general surface, partly perhaps for protec-
tion, partly for better nutrition: they became nerve-
cells. They remained connected with the surface by a
prolongation which became an afferent or sensory
nerve-fibre, and through its termination between the
cells of the general surface continued to receive the
effects of external impressions; on the other hand,
they continued to transmit these impressions to other,
more distant cells by their efferent prolongations. In
the further course of evolution the nervous system
thus laid down became differentiated into distinct
afferent, efferent, and intermediary portions. Once
established, such a nervous system, however simple,
must dominate the organism, since it would furnish
a mechanism whereby the individual cells would work
together more effectually for the mutual benefit of
the whole.

It is the development of the nervous system,
although not proceeding in all classes along exactly the
same lines, which is the most prominent feature of the
evolution of the Metazoa. By and through it all
impressions reaching the organism from the outside
are translated into contraction or some other form
of cell-activity. Its formation has been the means of
causing the complete divergence of the world of
animals from the world of plants, none of which
possess any trace of a nervous system. Plants react,
it is true, to external impressions, and these impres-
sions produce profound changes and even compara-
tively rapid and energetic movements in parts distant
from the point of application of the stimulus—as in
the well-known instance of the sensitive plant. But
the impressions are in all cases propagated directly
from cell to cell—not through the agency of nerve-
fibres; and in the absence of anything corresponding
to a nervous system it is not possible to suppose that
any plant can ever acquire the least glimmer of
intelligence. In animals, on the other hand, from a
slight original modification of certain cells has directly
proceeded in the course of evolution the elaborate
structure of the nervous system with all its varied and
complex functions, which reach their culmination in
the workings of the human intellect. *“What a piece
of work is a man! How noble in reason! How
infinite in faculty! Tn form and moving how express
and admirable! TIn action how like an angel! In-
apprehension how like a god! ™ But lest he be elated
with his physical achievements, let him remember that
they are but the result of the acquisition by a few
cells in a remote ancestor of a slightly greater ten-
dency to react to an external stimulus, so that these
cells were brought into closer touch with the outer
world ; while, on the other hand, by extending beyond
the circumscribed area to which their neighbours
remained restricted, they gradually acquired a
dominating influence over the rest. These dominating
cells became nerve-cells; and now not only furnish the
means for transmission of impressions from one part
of the organism to another, but in the progress of
time have become the seat of perception and conscious
sensation, of the formation and association of ideas,
of memory, volition, and all the manifestations of the
mind !

Regulation of Movements by the Nervous System.—
Voluntary Movements.

The most conspicuous part played by the nervous
system in the phenomena of life is that which pro-
duces and regulates the general movements of the
body—movements brought about by the so-called
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voluntary muscles. These movements are actually the
result of impressions imparted to sensory or afferent
nerves at the periphery, e.g. in the skin or in the
several organs of special sense; the effect of these
impressions may not be immediate, but can be stored
for an indefinite time in certain cells of the nervous
system. The regulation of movements—whether they
occur instantly after reception of the peripheral im-
pression or result after a certain lapse of time;
whether they are accompanied by conscious sensation
or are of a purely reflex and unconscious character—
is an intricate process, and the conditions of their co-
ordination are of a complex nature involving not
merely the causation of contraction of certain muscles,
but also the prevention of contraction of others. For
our present knowledge of these conditions we are
largely indebted to the researches of Prof. Sherrington.
Involuntary Movements.

A less conspicuous but no less important part played
by the nervous system is that by which the contrac-
uons of involuntary muscles are regulated. In
normal circumstances these are always independent of
consciousness, but their regulation is brought about in
much the same way as is that of the contractions of
voluntary muscles—viz., as the result of impressions
received at the periphery. These are transmitted by

afferent fibres to the central nervous system, and from °

the latter other impulses are sent down, mostly along
the nerves of the sympathetic or autonomic system of
nerves, which either stimulate or prevent contraction
of the involuntary muscles. Many involuntary muscles
have a natural tendency to continuous or rhythmic
contraction which is quite independent of the central
nervous system; in this case the effect of impulses
received from the latter is merely to increase or
diminish the amount of such contraction. An example
of this double effect is observed in connection with the
heart, which—although it can contract regularly and
rhythmically when cut off from the nervous system
and even if removed from the body—is normally
stimulated to increased activity by impulses coming
from the central nervous system through the sym-
pathetic, or to diminished activity by others coming
through the vagus. It is due to the readiness by
which the action of the heart is influenced in these
opposite ways by the spread of impulses generated
during the nerve-storms which we term ‘‘emotions "
that in the language of poetry, and even of every
day, the word **heart” has become synonymous with
the emotions themselves.

Effects of Emotions. .
The involuntary muscle of the arteries has its action
similarly balanced. When its contraction is increased,
the size of the vessels is lessened and they deliver less
blood; the parts they supply accordingly become pale
in colour., On the other hand, when the contraction
is diminished the vessels enlarge and deliver more
blOOd; the parts which they supply become corre-
spondingly ruddy. These changes in ‘the arteries, like
the effects upon the heart, may also be produced under
the influence of emotions. Thus *“blushing” is a
purely physiological phenomenon due to diminished
action of the muscular tissue of the arteries, whilst the
pallor produced by fright is caused by an increased
contraction of that tissue. Apart, however, from these
conspicuous effects, there is constantly proceeding a
less apparent but not less important balancing action
between the two sets of nerve-fibres distributed to
heart and blood-vessels; which are influenced in one
direction or another by every sensation which we ex-
perience and even by impressions of which we may
be wholly unconscious, such as those which occur
during sleep or anmsthesia, or which affect our other-
wise insensitive internal organs. :
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| secreting glands.

Regulation of Secretion by the Nervous System.

A further instance of nerve-regulation is seen in
Not all glands are thus regulated,
at least not directly ; but in those which are, the effects
are striking. Their regulation is of the same general
nature as that exercised upon involuntary muscle,
but it influences the chemical activities of the gland-'
cells and the outpouring of secretion from them. By
means of this regulation a secretion can be produced
or arrested, increased or diminished. As with muscle,
a suitable balance is in this way maintained, and the
activity of the glands is adapted to the requirements
of the organism. Most of the digestive glands are
thus influenced, as are the skin-glands which secrete
sweat.

Regulation of Body Temperature.

And by the action of the nervous system upon the
skin-glands, together with its effect in increasing or
diminishing the blood-supply to the cutaneous blood-
vessels, the temperature of oyr blood is regulated and
is kept at the point best suited for maintenance of
the life and activity of the tissues.

Effects of Emotions on Secretion.,

The action of the nervous system upon the secretion
of glands is strikingly exemplified, as in the case of
its action upon the heart and blood-vessels by the
effects of the emotions. Thus an emotion of one kind
—such as the anticipation of food—will cause saliva
to flow—'*the mouth to water ”; whereas an emotion
of another kind—such as fear or anxiety—will stop
the secretion, causing the ‘‘tongue to cleave unto the
roof of the mouth,” and rendering speech difficult or
impossible. Such arrest of the salivary secretion also
makes the swallowing of dry food difficult: advan-
tage of this fact is taken in the “ordeal by rice™
which used to be employed in the East for the detec-
tion of criminals.

Regulation by Chemical Agents: Hormones.—
Internal Secretions.

The activities of the cells constituting our bodies
are controlled, as already mentioned, in another way
than through the nervous system, viz., by chemical
agents (hormones) circulating in the blood. Many of
these are produced by special glandular organs,
known as internally secreting glands. The ordinary
secreting glands pour their secretions on the exterior
of the body or on a surface communicating with the
exterior; the internally secreting glands pass the
materials which they produce directly into the blood.
In this fluid the hormones are carried to distant
organs. Their influence upon an organ may be
essential to the proper performance of its functions or
may be merely ancillary to it. In the former case
removal of the internally secreting gland which pro-
duces the hormone, or its destruction by disease, may
prove fatal to the organism.

Suprarenals.

This is the case with the suprarenal capsules : small
glands which are adjacent to the kidneys, although
having no physiological connection with these organs.
A Guy's physician, Dr. Addison, in the middle of the last
century showed that a certain affection, almost always
fatal, since known by his name, is associated with
disease of the suprarenal capsules. A short time after
this observation a French physiologist, Brown-
Séquard, found that animals from which the supra-
renal capsules are removed rarely survive the opera-
tion for more than a few days. In the concluding
decade of the last century interest in these bodies
was revived by the discovery that they are constantly
vielding to the blood a chemical agent (or hormone)
which stimulates the contractions of the heart and



SEPTEMBER 5, 1912]

arteries and assists in the promotion of every action

which = is brought about through the sympathetic
nervous system (Langley). In this manner the im-
portance of their integrity has been explained,

although we have still much to learn regarding their
functions.
Thyroid.

Another instance of an internally secreting gland
which is essential to life, or at least to its maintenance
in a normal condition, is the thyroid. The association
of imperfect development or disease of the thyroid
with disorders of nutrition and inactivity of the nervous
system is well ascertained.  The form of idiocy known
as cretinism and the affection termed myxaedema are
both associated with deficiency of its secretion : some-
what similar conditions to these are produced by the
surgical removal of the gland. The symptoms are
alleviated or cured by the administration of its juice.
On the other hand, enlargement of the thyroid, accom-
panied by increase of its secretion, produces symptoms
of nervous @xcitation, and similar symptoms are caused
by excessive administration of glandular substance by
the mouth. From these observations it is inferred that
the juice contains hormones which help to regulate
the nutrition of the body and serve to stimulate the
nervous system, for the higher functions of which
they appear to be essential. ‘To quote M. Gley, to
whose researches we owe much of our knowledge
regarding the functions of this organ: * La geneése
et 'exercice des plus hautes facultés de I'homme sont
conditionnés par ['action purement chimique d'un
produit de séerétion.  Que les psychologues méditent
ces faits! "

Parathyroids,

The case of the parathyroid glandules is still more
remarkable. These organs were discovered by Sand-
strom in 1880, They are four minute bodies, each
no larger than a pin’s head, imbedded in the thyroid.
Small as they are, their internal secretion possesses
hormones which exert a powerful influence upon the
nervous system. If they, are completely removed, a
complex of symptoms, technically known as * tetany,”
is liable to occur, which is always serious and may be
fatal. Like the hormones of the thyroid itself, there-
fore, those of the parathyroids produce effects upon
the nervous system, to which they are carried by the
blood; although the effects are of a different Kind.

Pituitary.

Another internally secreting gland which has evoked
considerable interest during the last few years is the
pituitary body. This is a small structure no larger
than a cgbenut attached to the base of the brain. It
is mainly,composed of glandular cells. Its removal
has been found (by most observers) to be fatal—often
within two or three days. Its hypertrophy, when
oceurring during the general growth of the body, is
attended by an undue development of the skeleton,
so that the stature tends to assume gigantic propor-
tions. When the hypertrophy occurs after growth
is completed, the extremities—viz,, the hands, and
feet, and the bones of the face—are mainly affected;
hence the condition has been termed **acromegaly ™
(enlargement of extremities). The association of this
condition with affections of the pituitary was pointed
out in 1885 by a distinguished French physician, Dr.
Pierre Marie. Both *“giants” and **acromegalists "
are almost invariably found to have an enlarged
pituitary. The enlargement is generally confined to
one part—the anterior lobe—and we conclude that this
produces hormones which stimulate the growth of
the body generally and of the skeleton in particular.
The remainder of the pituitary is different in struc-
ture from. the anterior lobe and has a different func-
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tion. From it hormones can be extracted which, like
those of the suprarenal capsule, although not exactly
in the same manner, influence the contraction of the
heart and arteries.  Its extracts are also instrumental
in promoting the secretion of certain glands. When
injected into the blood they cause a free secretion
of water. from the kidneys and of milk from the
mammary - glands, neither of which ~organs - are
directly influenced (as most other glands are) through
the nervous system. Doubtless under natural condi-
tions these organs are stimulated to activity by hor-
mones which are produced in the pituitary and which
pass from this into the blood. :
The internally secreting glands which have been
mentioned (thyroid, parathyroid, suprarenal, pituitary)
have, so far as is khown, no other function than that
of producing chemical substances of this character
for the influencing of other organs, to which they
are conveyed by the blood. [t is interesting to observe
that these glands are all of very small size, none
being larger than a walnut, and some-—the para-
thyroids—almost microscopic. In spite of this, they
are essential to the proper maintenance of the life of
the body, and the total removal of anv of them by
disease or operation is in most cases speedily fatal.

Pancreas.

There are, however, organs in the body yielding
internal secretions to the blood in the shape of hor-
mones, but exercising at the same time other func-
tions. A striking instance is furnished by the
pancreas, the secretion of which is the most im-
portant of the digestive juices. This—the pancreatic
juice—forms the external secretion of the gland, and
is poured into the intestine, where its action upon the
food as it passes out from the stomach has long
been recognised. It was, however, discovered in
1889 by von Mering and Minkowski that the pancreas
also furnishes an internal secretion, containing a
hormone which is passed from the pancreas into the
blood, by which it is carried first to the liver and
afterwards to the body generally. This hormone is
essential to the proper utilisation of carbohydrates in
the organism. It is well known that the carbo-
hydrates of the food are converted into grape -sugar
and circulate in this form in the blood, which always
contains a certain amount; the blood conveys it to
all the cells of the body, and they utilise it ‘as fuel.
If, owing to disease of the pancreas or as the result
of its removal by surgical procedure, its internal secre-
tion is not available, sugar is no longer properly
utilised by the cells of the body and tends to accumu-
late in the. blood; from the blood the excess passes
off by the kidneys, producing: diabetes.

, Duodenum,

Another instance of an internal secretion furnished
by an organ which is devoted largely to other func-
tions is. the ‘* pro-secretin” found in. the cells lining
the duodenum. When the acid gastric juice comes
into contact with these cells it converts their pro-
secretin into ‘“secretin,”” This is a hormone which
is passed into the blood and circulates with that fluid.
It has a specific effect on the externally secreting cells of
the pancreas, and causes the rapid outpouring of pan-
creatic juice into the intestine. This effect is similar
to that of the hormones of the pituitary body upon
the cells of the kidney and mammary gland. It was
discovered by Bayliss and Starling.

Internal Secretions of the Reproductive Organs.

The reproductive glands furnish in many respects
the most interesting example of organs which- -
besides their ordinary products, the germ- and sperm-
cells (ova and spermatozoa)—form hormones which
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circulate in the blood and effect changes in cells of
distant parts of the body. It is through these hor-
mones that the secondary sexual characters, such as
the comb and tail of the cock, the mane of the lion,
the horns of the stag, the beard and enlarged larynx
of a man, are produced, as well as the many differ-
ences in form and structure of the body which are
characteristic of the sexes. The dependence of these
so-called secondary sexual characters upon the state
of development of the reproductive organs has been
recognised from time immemorial, but has usually
been ascribed to influences produced through the
nervous system, and it is only in recent years that
the changes have been shown to be brought about
by the agency of internal secretions and hormones,
passed from the reproductive glands into the cir-
culating blood.2®

Chemical Nature of Hormones.

It has been possible in only one or two instances
to prepare and isolate the hormones of the internal
secretions in a sufficient condition of purity to subject
them to analysis, but enough is known about them to
indicate that they are organic bodies of a not very
complex nature, far simpler than proteins and even
than enzymes. Those which have been studied are
all dialysable, are readily soluble in water but in-
soluble in alcohol, and are not destroyed by boiling.
One at least—that of the medulla of the suprarenal
capsule—has been prepared synthetically, and when
their exact chemical nature has been somewhat better
elucidated it will probably not be difficult to obtain
others in the same way.

From the above it is clear that not only is a co-
ordination through the nervous system necessary
in order that life shall be maintained in a
normal condition, but a chemical coordination
is no less essential.  These may be indepen-
dent of one another; but, on the other hand,
they may react upon one another. For it can be
shown that the production of some at least of the
hormones is under the influence of the nervous system
(Biedl, Asher, Elliott); whilst, as we have seen, some
of the functions of the nervous system are dependent
upon hormones,

Protective Chemical Mechanisms.—Toxins and
Antitoxins.

Time will not permit me to refer in any but the
briefest manner to the protective mechanisms which
the cell-aggregate has evolved for its defence against
disease, especially disease produced by parasitic micro-
organisms. These, which belong with few excep-
tions to the Protista, are without doubt the most
formidable enemies which the multicellular Metazoa,
to which all the higher animal organisms belong,
have to contend against. To such micro-organisms are
due, inter alia, all diseases which are liable to become
epidemic, such as anthrax and rinderpest in cattle,
distemper in dogs and cats, smallpox, scarlet fever,
measles, and sleeping sickness in  man. The
advances of modern medicine have shown that the
symptoms of these diseases—the disturbances of
nutrition, the temperature, the lassitude or excite-
ment, and other nervous disturbances—are the effects
of chemical poisons (toxins) produced by the micro-
organisms and acting deleteriously upon the tissues
of the body. The tissues, on the other hand, en-
deavour to counteract these effects by producing other
chemical  substances destructive ~to the micro-
organisms or antagonistic to their action: these are
known as anti-bodies. Sometimes the protection takes
the form of a subtle alteration in the living substance

2 The evidence is to be found in F. H. A. Marshall, *‘The Physiology
of Reproduction,” 1911,
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of the cells which renders them for a long time, or
even permanently, insusceptible (immune) to the
action of the poison. Sometimes certain cells of the
body, such as the white corpuscles of the blood, eat
the invading micro-organisms and destroy them
bodily by the action of chemical agents within their
protoplasm. The result of an illness thus depends
upon the result of the struggle between these oppos-
ing forces—the micro-organisms on the one hand
and the cells of the body on the other—both of which
fight with chemical weapons. If the cells of the
body do not succeed in destroying the invading
organisms, it is certain that the invaders will in
the long run destroy them, for in this combat no
quarter is given. Fortunately we have been able, by
the aid of animal experimentation, to acquire some
knowledge of the manner in which we are attacked
by micro-organisms and of the methods which the
cells of our body adopt to repel the attack, and the
knowledge is now extensively utilised to assist our
defence.

Parasitic Nature of Diseases,

For this purpose protective serums or anti-
toxins, which have been formed in the blood of other
animals, are employved to supplement the action of
those which our own cells produce. It is not too
much to assert that the knowledge of the parasitic
origin of so many diseases and of the chemical agents
which on the one hand cause, and on the other
combat, their symptoms, has transformed medicine
from a mere art practised empirically  into a real
science based upon experiment. The transformation
has opened out an illimitable vista of possibilities
in the direction not only of cure, but, more important
still, of prevention. It has taken place within the
memory of most of us who are here present. And
only last February the world was mourning the death
of one of the greatest of its benefactors—a former
President of this Association *—who, by applying this
knowledge to the practice of surgery, was instru-
mental, even in his own lifetime, in saving more
lives than were destroyed in all the bloody wars of
the nineteenth century!

Senescence and Death.

The question has been debated whether, if all acci-
dental modes of destruction of the life of the cell
could be eliminated, there would remain a possibility
of individual cell life, and even of aggregate cell life,
continuing indefinitely; in other words, Are the
phenomena of senescence and death a natural and
necessary sequence to the existence of life? To most
of my audience it will appear that the subject is not
open to debate. But some physiologists (e.g.
Metchnikoff) hold that the condition of senescence is
itself abnormal; that old age is a form of disease or
is due to disease, and, theoretically at least, is capable
of being eliminated. We have already seen that
individual cell life, such as that of the white blood-
corpuscles and of the cells of many tissues, can under
suitable conditions be prolonged for days or weeks
or months after general death, Unicellular organisms
kept under suitable conditions of nutrition have been
observed to carry on their functions normally for
prolonged periods and to show no degeneration such
as would accompany senescence. They give rise by
division to others of the same kind, which also, under
favourable conditions, continue to live, to all appear-
ance indefinitely. But these instances, although they
indicate that in the simplest forms of organisation
existence may be greatly extended without signs of
decay, do not furnish conclusive evidence of indefinite

% Lord Lister was President at Liverpool in 1896,
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prolongation of life. Most of the cells which con-
stitute the body, after a period of growth and activity,
sometimes more, sometimes less prolonged, eventually
undergo atrophy and cease to perform satisfactorily
the functions which are allotted to them. And when
we consider the body as a whole, we find that in every
case the life of the aggregate consists of a definite
cycle of changes which, after passing through the
stages of growth and maturity, always leads to
senescence, and finally terminates in death. The only
exception is in the reproductive cells, in which the
processes of maturation and fertilisation result in
rejuvenescence, so that instead of the usual down-
ward change towards senescence, the fertilised ovum
obtains a new lease of life, which is carried on into
the new-formed organism. The latter again itself
ultimately forms reproductive cells, and thus the life
of the species is continued. It is only in the sense of
its propagation in this way from one generation to
another that we can speak of the indefinite continu-
ance of life: we can only be immortal through our
descendants !

Average Duration of Life and Possibility of its
Prolongation.

The individuals of every species of animal appear
to have an average duration of existence.** Some
species are known the individuals of which live only
for a few hours, whilst others survive for a huhdred
years.* In man himself the average length of life
would probably be greater than the three-score and
ten years allotted to him by the Psalmist if we could
eliminate the results of disease and accident; when
these results are included it falls far short of that
period. 1f the terms of life given in thé purely mytho-
logical part of the Old Testament were credible, man
would in the early stages of his history have pos-
sessed a remarkable power of resisting age and dis-
ease. But, although many here present were brought
up to believe in their literal veracity, such records
are no longer accepted even by the most orthodox of
theologians, and the nine hundred odd years with
which Adam and his immediate descendants are
credited, culminating in the nine hundred and sixty-
nine of Methuselah, have been relegated, with the
accounted of Creation and the Deluge, to their proper
position in literature. When we come to the Hebrew
patriarchs, we notice a considerable diminution to have
taken place in what the insurance offices term the
“expectation of life.”” Abraham is described as
having lived only to 175 years, Joseph and Joshua to
110, Moses to 120; even at that age *his eye was
not dim nor his natural force abated.” We cannot
say that under ideal conditions all these terms are
impossible; indeed, Metchnikoff is disposed to regard
them as probable; for great ages are still occasionally
recorded, although it is doubtful if any as considerable
as these are ever substantiated. That the expecta-
tion of life was better then than now would be inferred
from the apologetic tone adopted by Jacob when
questioned by Pharaoh as to his age: *“The days of
the years of my pilgrimage are a hundred and thirty
years; few and evil have the days of the years of my
life been, and have not attained unto the days of the
vears of the life of my fathers in the days of their
pilgrimage.” David, to whom, before the advent of
the modern statistician, we owe the idea that seventy
vears is to be regarded as the normal period of life,

28 This was regarded by Buffon as related to the peri‘qd of g)ro:lh, but
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the ratio is ceruinlr not tant,  The subj Ray
ankester in an early work: * On Comparative Longevity in Man and
Animals," 1870. .
’P The approximate regular periods of longevity of different species of
animals furnishes a strong argument against the theory that the decay of old
age is an accidental phenomenon, comparable with disease,

% The expectarion of life of a health is sti
el twem;eyurl. ealthy man of fifty is still reckoned at
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is himself merely stated to have “died in a good
old age." The periods recorded for the Kings show
a considerable falling-off as compared with the
Patriarchs; but not a few were cut off by violent
deaths, and many lived lives which were not ideal,
Amongst eminent Greeks and Romans few very long
lives are recorded, and the same is true of historical
persons in medizeval and modern history. Itisalong
life that lasts much beyond eighty; three such linked
together carry us far back into history. Mankind is
in this respect more favoured than most mammals,
although a few of these surpass the period of man’s
existence.®* Strange that the brevity of human life
should be a favourite theme of preacher and poet
when the actual term of his “erring pilgrimage " is
greater than that of most of his fellow creatures!

The End of Life.

The modern applications of the principles of pre-
ventive medicine and hygiene are no doubt operating
to lengthen the average life. But even if the ravages
of disease could be altogether eliminated, it is certain
that at any rate the fixed cells of our body must
eventually grow old and ultimately cease to function;
when this happens to cells which are essential to the
life of the organism, general death must result. This
will always remain the universal law, from which
there is no escape. ‘‘All that lives must die, passing
through nature to eternity."

Such natural death unaccelerated by disease—is not
death by disease as unnatural as death by accident ?—
should be a quiet, painless phenomenon, unattended
by violent change. As Dastre expresses it, *The
need of death should appear at the end of life, just
as the need of sleep appears at the end of the day."
The change has been led gradually up to by an
orderly succession of phases, and is itself the last
manifestation of life. Were we all certain of a quiet
passing—were we sure that there would be “no
moaning of the bar when we go out to sea'—we
could anticipate the coming of death after a ripe old
age without apprehension. And if ever the time shall
arrive when man will have learned to regard this
change as a simple physiological process, as natural
as the oncoming of sleep, the approach of the fatal
shears will be as generally welcomed as it is now
abhorred. Such a day is still distant; we can scarcely
say that its dawning is visible. Let us at least hope
that, in the manner depicted by Diirer in his well-
known etching, the sunshine which science irradiates
may eventually put to flight the melancholy which
hovers, bat-like, over the termination of our lives,
and which even the anticipation of a future happier
existence has not hitherto succeeded in dispersing.

SECTION A.
MATHEMATICS AND PHYSICS.

OreniNG ApprEss BY Pror, H. L. CALLENDAR, LEDS
F.R.S., PRESIDENT OF THE SECTION.

My first duty on taking the chair is to say a few
words in commemoration of the distinguished
members whom we have lost since the last meeting.

George Chrystal, Professor of Mathematics in the
University of Edinburgh for more than thirty years,
officiated as President of this section in the year 1885,
and took a prominent part in the advancement of
science as secretary of the Royal Society of Edinburgh
since 1901, Of his brilliant mathematical work and
his ability in developing the school at Edinburgh, I
am not competent to speak, but I well remember as a
student his admirable article on ‘* Electricity and

31 “Hominis wvum caterorum animalium omnium superat prater ad-
modum paucorum.”—Francis Bacon, ‘‘ Historia vita et mortis," 1637.
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Magnetism " contributed to the ‘' Encyclopadia
Britannica,” which formed at that time the ground-
work -of our studies at Cambridge under Sir J. J.
Thomson. - It would be difficult to find a more com-
plete - and concise statement of the mathematical
theory at the time when that article was written.
One can well understand the value of such a teacher,
and sympathise with his university in the loss they
have sustained.

John Brown, F.R.S., who acted as local secretary

for the Association at Belfast in 1902, will be remem-
bered for his work on the Volta contact effect between
metals, which he showed to be in the main dependent
on: chemical action; and to be profoundly affected by
the nature of the gas or other medium in which the
plates were immersed. Although the theory of this
difficult subject may not yet be completely elucidated,
there can be little doubt that his work takes the first
rank on the experimental side.
. William Sutherland, D.Sc., who at one time acted
as Professor of Physics at Melbourne, is best known
for his familiar papers on the subject of molecular
physics in The Philosophical Magazine. His work
was always remarkable for its wide range and bold-
ness of imagination. Many of his hypotheses cannot
vet be weighed in the balance of experiment, but some
have already been substantiated. . For instance, his
theory of the variation of viscosity of gases with
temperature has been generally accepted, and results
are now commonly expressed in terms of Sutherland’s
constant.

Osborne Reynolds, the first Professor of Engineer-
ing at Owens College, was President of Section G
in 1887, but belongs almost as:much to mathematics
and physics, in which his achievements are equally
memorable. It would be scarcely possible for me to
enumerate his important contributions to the science
of engineering, which will be more fittingly com-
memorated elsewhere.  His mastery of mathematical
and physical methods, while contributing greatly to
his success as a pioneer in the engineering laboratory,
enabled him to attack the most difficult problems in
physics, such as the theory of the radiometer and the
thermal transpiration of gases. His determination
of the mechanical equivalent of heat is a most striking
example of accurate physical measurement carried out
on an engineering scale. His last great work, on the
* Submechanics of the Universe,” is so original in its
ideas and methods that its value cannot yet be fully
appreciated. While it differs so radically from our
preconceived ideas that it fails to carry immediate
conviction, it undoubtedly represents possibilities of
truth which subsequent workers in the same field
cannot afford to ignore.

The present vear has been one of remarkable
activity in the world of mathematical and physical
science if we may measure activity by the number
and importance of scientific gatherings like the present
for the interchange of ideas and the general advance-
ment of science. The celebration of the 250th anni-
versary of the foundation of the Royal Society brought
to our shores a number of distinguished delegates
from all parts of the world, to promote the ever-
growing fellowship among men of science which is
one of the surest guarantees of international progress.
The Congress of Universities of the Empire brought
other guests from distant British dominions, and con-
sidered, as one of the principal points in its pro-
gramme, the provision of facilities for the interchange
of students between different universities, which will

doubtless prove particularly advantageous to the
scientific student in the higher branches of re-
search., In the special branches of knowledge more

particularly associated with this section, the Inter-
national Congress of Mathematics at  Cambridge,
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while it affords to Cambridge men like myself a most
gratifving recognition of our alma mater as one of
the leading schools of mathematics in the world, has
given us the opportunity of meeting here a number of
distinguished foreign mathematicians whose presence
and personality cannot be otherwise than inspiring to
our proceedings, and will compensate for any
deficiency in our own mathematical programme. The
Optical Convention held this year in London, by the
importance of the papers contributed for. discussion,
and by its admirable exhibition-of British instruments,
has revealed the extent of our optical industry and
talent, and has done much to dispel the impression,
fostered by an unfortunate trade regulation, that the
majority of optical instruments were ‘“‘made else-
where.” © The Radio-Telegraphic. Conference, held
under the auspices of the British Government, has
formulated recommendations for regulating and ex-
tending the application of the:discoveries of modern
physics for saving life and property at sea.. The work
of this Conference will be - fittingly supplemented on
the scientific side by the discussion on wireless tele-
graphy which has been arranged to take place in this
section in conjunction with Section G.

It would be impossible, even if it were not out of
place, for me to attempt to review in detail the im-
portant work of these congresses, a full account of
which will shortly be available in their several reports
of proceedings now in course of publication. In the
present age of specialisation and rapid publication it
would be equally impossible to give any connected
account in the time at my disposal of recent develop-
ments in those branches of science which come within
the range of our section. The appropriate alterna.
tive, adopted by the majority of my predecessors in
this chair, is to select some theory or idea, sufficiently
fundamental to be of general interest, and to discuss
it in the light of recent experimental evidence. It may
sometimes be advantageous to take stock of our funda-
mental notions in this way, and to endeavour to deter-
mine how far they rest on direct experiment, and how
far they are merely developments of some dynamical
analogy, which may represent the results of experi-
ment up to a certain point, but may lead to erroncous
conclusions if pushed too far. With this object 1
propose to consider on the present occasion some of
our fundamental ideas with regard to the nature of
heat, and in particular to suggest that we might with
advantage import into our modern theory some of the
ideas of the old caloric or material theory which has
for so long a time been forgotten and discredited. = In
so doing 1 may appear to many of you to be taking a
retrograde step, because the caloric theory is generally
represented as being fundamentally opposed to the
kinetic theory and to the law of the conservation of
energy. 1 would, therefore, remark at the outset that
this is not necessarily the case, provided that the
theory is rightly interpreted and applied in accordance
with experiment. Mistakes have been made on both
theories, but the method commonly adopted of select-
ing all the mistakes made in the application of the
caloric theory and contrasting them with the correct
deductions from the kinetic theory has created an
erroneous impression that there is something funda-
mentally wrong about the caloric theory, and that it is
in the nature of things incapable of correctly repre-
senting the facts, 1 shall endeavour to show that this
fictitious antagonism between the two theories is with-
out real foundation.  They should rather be regarded
as different ways of describing the same pheno-
mena. Neither is complete without the other. The
kinetic theory is generally preferable for elementary
exposition, and has come to be almost exclusively
adopted for this purpose; but in many cases the
caloric theory would have the advantage of emphasis-
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ing at the outset the importance of fundamental facts
which are too often obscured in the prevailing. method
of treatment.

The explanation of the development of heat by fric-
tion was one of the earliest difficulties encountered by
the caloric theory. One explanation, maintained by
Cavendish and others, was simply that caloric was
generated de novo by friction in much the same way
as electricity.  Another explanation, more commonly
adopted, was that the fragments of solid, abraded in
such operations as boring cannon, had a smaller
capacity for heat than the original material. Caloric
already existing® in the substance was regarded as
being squeezed or ground out of it without any fresh
caloric being actually generated.  The probability of
the second explanation was negatived by the celebrated
experiments of Rumford and Davy, who concluded
that friction did not diminish the capacities of bodies
for heat, and that it could not be a material substance
because the supply obtainable by friction appeared to be
inexhaustible. Rumford also showed that no increase
of weight in a body when heated could be detected by
the most delicate apparatus available in his time.
Caloric evidently did not possess to any marked
extent the properties of an ordinary ponderable fluid;
but, if it had any real existence and was not merely
a convenient mathematical fiction, it must be some-
thing of the same nature as the electric fluids, which
had already played so useful a part in the description
of phenomena, although their actual existence as
physical entities had not then been demonstrated.
Heat, as Rumford and Davy maintained, might be
merely a mode of motion or a vibration of the ultimate
particles of matter, but the idea in this form was too
vague to serve as a basis of measurement or calcula-
tion. - The simple conception of caloric, as a measur-
able quantity of something, sufficed for many pur-
poses, and led in the hands of Laplace and others to
correct results for the ratio of the specific heats, the
adiabatic equation of gases, and other fundamental
points of theory, though many problems in the rela-
tions of heat and work remained obscure.

The greatest contribution of the caloric theory to
thermodynamics was the production of Carnot’s im-
mortal ** Reflections on the Motive Power of Heat.”
It is one of the most remarkable illustrations of the
undeserved discredit into which the caloric theory has
fallen, that this work, the very foundation of modern
thermodynamics, should still be misrepresented, and
its logic assailed, on the ground that much of the
reasoning is expressed in the language of the caloric
theory. In justice to Carnot, even at the risk of
wearying you with an oft-told tale, T cannot refrain
from taking this opportunity of reviewing ll.w essential
points of his reasoning, because it affords incidentally
the best introduction to the conception of calorie, and
explains how a quantity of caloric is to be measured.

At the time when Carnot wrote, the industrial im-
portance of the steam-engine was already established,
and the economy gained by expansive working was
generally appreciated.  The air-engine, and a primi-
tive form of the internal-combustion engine, had
recently been invented. On account of the high value
of the latent heat of steam, it was confidently expected
that more work might be obtained from a given quan-
tity of heat or fuel by employing some other working
substance, such as alcohol or ether, in place of steam.
Carnot set himself to investigate the conditions under
which motive-power was obtainable from heat, how
the efficiency was limited, and whether other agents
were preferable to steam. These were questions of
immediate practical importance to the engineer, but
the answer which Carnot found embraces the whole
range of science in its ever-widening scope. -

In discussing the production of work from heat it
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is necessary, as Carnot points out, to consider a com-
plete series or cycle of operations in which the work-
ing substance, and all parts of the engine, are restored
on completion of the cycle to their initial state.
Nothing but heat, or its equivalent fuel, may be
supplied to the engine. Otherwise part of the motive
power obtained might be due, not to heat alone, but
to some change in the working substance, or in the
disposition of the mechanism. Carnot here assumes
the fundamental axiom of the cycle, which he states
as follows :—** When a body has undergone any
changes, and, after a certain number of transforma-
tions, it is brought back identically to its original state,
considered relatively to density, temperature, and mode
of aggregation, it must contain the same quantity of
heat as it contained originally.”” This does not limit
the practical application of the theory, because all
machines repeat a regular series of operations, which
may be reduced in theory to an equivalent cycle in
which everything is restored to ‘its initial state.

The most essential feature of the working of all
heat-engines, considered apart from, details of
mechanism, is the production of motive power by
alternate expansion or contraction, or heating and
cooling of the working substance. This necessitates
the existence of a difference of temperature, produced
by combustion or otherwise, between two bodies, such
as the boiler and condenser of a steam-engine, which
may be regarded as the source and sink of heat respec-
tively. Wherever a difference of temperature exists, it
may be made a source of motive-power, and con-
versely, without difference of temperature, no motive-
power can be obtained from heat by a cyclical or con-
tinuous process. From this consideration Carnot
deduces the simple and sufficient rule for obtaining
the maximum effect :—** In order to realise the maxi-
mum effect, it is necessary that, in the process
employed, there should not be any direct interchange
of heat between bodies at sensibly different tempera-
tures.” Direct transference of heat between bodies
at sensibly different temperatures would be equivalent
to wasting a difference of temperature which might
have been utilised for the production of motive-power.
Equality of temperature is here assumed as the limit-
ing condition of thermal equilibrium, such that an
infinitesimal difference of temperature will suffice to
determine the flow of heat in either direction. An
engine satisfying Carnot’s rule will be reversible so far
as the thermal operations are concerned. Carnot
makes use of this property of reversibility in deducing
his formal proof that an engine of this type possesses
the maximum efficiency. If in the usual or direct
method of working such an engine takes a quantity
of heat Q from the source, rejects heat to the con-
denser, and gives a balance of useful work W per
cycle, when the engine is reversed and supplied with
motive-power W per cycle it will in the limit take the
same quantity of heat from the condenser as it pre-
viously rejected, and return to the source the same
quantity of heat Q as it took from it when working
direct. = All such engines must have the same
efficiency (measured by the ratio W/Q of the work
done to the heat taken from the source) whatever the
working substance, provided that they work between
the same temperature limits. For, if this were not
the case, it would be theoretically possible, by em-
ploying the most efficient to drive the least efficient
reversible engine backwards, to restore to the source
all the heat taken from it, and to obtain a balance
of useful work without the consumption of fuel; a
result sufficiently improbable to serve as the basis of
a formal proof. Carnot thus deduces his famous
principle, which he states as follows :—* The motive
power obtainable from - heat is independent of the
agents set at work to realise it. Its quantity is fixed
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solely by the temperatures between which in the
limit the transfer of heat takes place.”

Objection is commonly taken to Carnot’s proof, on
the ground that the combination which he imagines
might produce a balance of “useful work without in-
fringing the principle of conservation of energy, or
constituting what we now understand as perpetual
motion of the ordinary kind in mechanics. It has
become the fashion to introduce the conservation
of energy in the course of the proof, and to make a
final appeal to some additional axiom. Any proof of
this kind must always be to some extent a matter of
taste; but since Carnot’s principle cannot be deduced
from the conservation of energy alone, it seems a
pity to complicate the proof by appealing to it. For
the particular object in view, the absurdity of a heat-
engine working without fuel appears to afford the
most appropriate improbability which could be in-
voked. The final appeal must be to experiment in
any case. At the present time the experimental
verification of Carnot’s principle in its widest applica-
tion so far outweighs the validity of any deductive
proof, that we might well rest content with the logic
that satisfied Carnot instead of confusing the issue
by disputing his reasoning.

Carnot himself proceeded to test his principle in
every possible way by comparison with experiment so
far as the scanty data available in his time would
permit. He also made several important deductions
from it, which were contrary to received opinion at
the time, but have since been accurately verified. He
appears to have worked out these results analytically
in the first instance, as indicated by his footnotes,
and to have translated his equations into words in
the text for the benefit of his non-mathematical
readers. In consequence of this, some of his most
important conclusions appear to have been overlooked
or attributed to others. Owing to want of exact
knowledge of the properties of substances over ex-
tended ranges of temperature, he was unable to apply
his principle directly in the general form for any tem-
perature limits, We still labour to a less extent under
the same disability at the present day. He showed,
however, that a great simplification was effected in its
application by considering a cycle of infinitesimal
range at any temperature t. In this simple case the
principle is equivalent to the assertion that the work
obtainable from a unit of heat per degree fall (or per
degree range of the cycle) at a temperature t, is some
function F’t of the temperature (generally known as
Carnot’s function), which must be the same for all
substances at the same temperature. From the rough
data then available for the properties of steam,
alcohol, and air, he was able to calculate the numerical
values of this function in kilogrammetres of work per
kilocalorie of heat at various temperatures between o°
and 100° C., and to show ‘that it was probably the
same for different substances at the same temperature
within the limits of “experimental error. For the
vapour of alcohol at its boiling-point, 78'7° C., he found
the value F't= 1230 kilogrammetres per kilocalorie per
degree fall. For steam at the same temperature he
found nearly the same value, namely, F't=1'212. Thus
no advantage in point of efficiency could be gained by
employing the vapour of alcohol in place of steam.
He was also able to show that the work obtainable
from a kilocalorie per degree fall probably diminished
with rise of temperature, but his data were not
sufficiently exact to indicate the law of the variation.

The equation which Carnot employed in deducing
the numerical values of his function from the experi-
mental data for steam and alcohol is simply the direct
expression of his principle as applied to a saturated
vapour. It is now generally known as Clapeyron’s
equation, because Carnot did not happen to give the
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equation itself in algebraic form, although the prin-
ciple and details of the calculation were most minutely
and accurately described. In calculating the value of
his function for air, Carnot made use of the known
value of the difference of the specific heats at constant
pressure and volume. He showed that this difference
must be the same for equal volumes of all gases
measured under the same temperature and pressure,
whereas it had always previously been assumed that
the ratio (not the difference) of the specific heats was
the same for different gases. He also gave a general
expression for the heat absorbed by a gas in expand-
ing at constant temperature, and showed that it must
bear a constant ratio to the work of expansion.
These results were verified experimentally some years
later, in part by Dulong, and more completely by
Joule, but Carnot’s theoretical prediction has generally
been overlooked, although it was of the greatest
interest and importance. The reason of this neglect
is probably to be found in the fact that Carnot’s ex-
pressions contained the unknown function F't of the
temperature, the form of which could not be deduced
without making some assumptions with regard to the
nature of heat and the scale on which temperature
should be measured.

It was my privilege to discover a few years ago that
Carnot himself had actually given the correct solu-
tion of this fundamental problem in one of his most
important footnotes, where it had lain buried and
unnoticed for more than eighty years. He showed by
a most direct application of the caloric theory that if
temperature was measured on the scale of a perfect
gas (which is now universally adopted) the value of
his function F’t on the caloric theory would be the
same at all temperatures, and might be represented
simply by a numerical constant A (our ‘‘ mechanical
equivalent ') depending on the units adopted for
work and heat. In other words, the work W done
by a quantity of caloric Q in a Carnot cycle of range

to T, on the gas scale would be represented by the

simple equation :
W=AQ(T~-T,).

It is at once obvious that this solution, obtained
by Carnot from the caloric theory, so far from being
inconsistent with the mechanical theory of heat, is a
direct statement of the law of conservation of energy
as applied to the Carnot cycle. If the lower limit T,
of the cycle is taken at the absolute zero of the gas-
thermometer, we observe that the maximum quantity
of work obtainable from a quantity of caloric Q at a
temperature T is simply AQT, wﬁich represents the
absolute value of the energy carried by the caloric
taken from the source at the temperature T. The
energy of the caloric rejected at the temperature T,
is AQT,. The external work done is equal to the
difference between the quantities of heat energy sup-
plied and rejected in the cycle,

The analogy which Carnot himself employed in the
interpretation of this equation was the oft-quoted
analogy of the waterfall. Caloric might be regarded
as possessing motive-power or energy in virtue of
elevation of temperature just as water may be said
to possess motive-power in virtue of its head or pres-
sure. The limit of motive-power obtainable by a
reversible motor in either case would be directly pro-
portional to the head or fall measured on a suitable
scale. Caloric itself was not motive-power, but must
be regarded simply as the vehicle or carrier of energy,
the production of motive-power from caloric depending
essentially (as Carnot puts it) not on the actual con-
sumption of caloric, but on the fall of temperature
available. The measure of a quantity of caloric is
the work done per degree fall, which corresponds with
the measure of a quantity of water by weight, i.e. in
kilogrammetres per metre fall.
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. That Carnot did not pursue the analogy further,
and deduce the whole mechanical theory of heat from
the caloric theory, is scarcely to be wondered at if we
remember that no applications of the energy principle
had then been made in any department of physics.
He appears, indeed, at a later date to have caught a
glimpse of the general principle when he states that
“motive-power |his equivalent for work or energy|
changes its form but is never annihilated.” It is
clear from the posthumous notes of his projected ex-
perimental work that he realised how much remained
to be done on the experimental side, especially in rela-
tion to the generation of caloric by friction, and the
waste of motive-power by conduction of heat, which
appeared to him (in 1824) ‘*almost inexplicable in the
present state of the theory of heat.”

One of the points which troubled him most in the
application of the theoretical result that the work
obtainable from a quantity of caloric was simply pro-
portional to the fall of temperature available, was
that it required that the specific heat of a perfect gas
should be independent of the pressure. This was in-
consistent with the general opinion prevalent at the
time, and with one solitary experiment by Delaroche
and Bérard, which appeared to show that the specific
heat of a gas diminished with increase of pressure,
and which had been explained by Laplace as a natural
consequence of the caloric theory. Carnot showed
that this result did not necessarily follow from the
caloric theory, but the point was not finally decided
in his favour until the experiments of Regnault, first
published in 1852, established the correct values of
the specific heat of gases, and proved that they were
practically independent of the pressure.

Another point which troubled Carnot was that, ac-
cording to his calculations, the motive-power obtain-
able from a kilocalorie of heat per degree fall appeared
to diminish with rise of temperature, instead of
remaining constant. This might have been due to
experimental errors, since the data were most uncer-
tain. But, if he had lived to carry out his projected
experiments on the quantity of motive-power required
to produce one unit of heat, and had obtained the
result, 424 kilogrammetres per kilocalorie, subse-
quently found by Joule, he could scarcely have failed
to notice that *this was the same (within the limits
of experimental error) as the maximum work AQT
obtainable from the kilocalorie according to his equa-
tion. (This is seen to be the case when the values
calculated by Carnot per degree fall at different tem-
peratures were multiplied by the absolute temperature
in each case. E.g. 1212 kilogrammetres per degree
fall with steam at 79° C. or 352° Abs. 1212 X352 = 6
kilogrammetres.) The origin of the apparent dis-

crepancy between theory and experiment lay in
the tacit assumption that the quantity of
caloric in a kilocalorie was the same at dif-
ferent temperatures. ‘There were no experiments

at that time available to demonstrate that the caloric
measure of heat as work per degree fall, implied in
Carnot’s principle, or more explicitly stated in his
equation, was not the same as the calorimetric
measure obtained by mixing substances at different
temperatures. Iven when the energy principle was
established its exponents failed to perceive exactly
where the discrepancy between the two theories lay.
In reality both were correct, if fairly interpreted in
accordance with experiment, but they depended on
different methods of measuring a quantity of heat,
which, so far from being inconsistent, were mutually
complementary.

The same misconception, in a more subtle and in-
sidious form, is still prevalent in such common phrases
as the following : ‘*We now know that heat is a
form of energy and not a material fluid.” The experi-
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mental fact underlying this statement is that our
ordinary methods of measuring quantities of heat in
reality measure quantities of thermal energy. When
two substances at different temperatures are mixed,
the quantity remaining constant, provided that due
allowance is made for external work done and for
external loss of heat, is the total quantity of energy.
Heat is a form of energy merely because the thing we
measure and call heat is really a quantity of energy.
Apart from considerations of practical convenience, we
might equally well have agreed to measure a quantity
of heat in accordance with Carnot’s principle, by the
external work done in a cycle per degree fall. Heat
would then not be a form of energy, but would possess
all the properties postulated for caloric. The caloric
measure of heat follows directly from Carnot’s prin-
ciple, just as the energy measure follows from the law
of conservation of energy. But the term heat has
become so closely associated with the energy measure
that it is necessary to employ a different term, caloric,
to denote the simple measure of a quantity of heat as
opposed to a quantity of heat energy. Ti;e measure-
ment of heat as caloric is precisely analogous to the
measure of electricity as a quantity of electric fluid.
In the case of electricity, the quantity measure is more
familiar than the energy measure, because it is
generally simpler to measure electricity by its chemical
and magnetic effects as a quantity of fluid than as a
quantity of energy. The units for which we pay by
electric meter, however, are units of energy, because
the energy supplied is the chief factor in determining
the cost of production, although the actual quantity
of fluid supplied has a good deal to do with the cost
of distribution. Both methods of measurement are
just as important in the theory of heat, and it seems
a great pity that the natural measure of heat quantity
is obscured in the elementary stages of exposition by
regarding heat simply as so much energy. The in-
adequacy of such treatment makes itself severely felt
in the later stages.

Since Carnot’s principle was adopted without
material modification into the mechanical theory of
heat, it was inevitable that Carnot’s caloric, and his
solution for the work done in a finite cycle, should
sooner or later be rediscovered. Caloric reappeared
first as the *‘thermodynamic function” of Rankine,
and as the “equivalence-value of a transformation”
in the equations of Clausius; but it was regarded
rather as the quotient of heat energy by temperature
than as possessing any special physical significance.
At a later date, when its importance was more fully
recognised, Clausius gave it the name of entropy, and
(».slabhshud the important property that its total quan-
tity remained constant in reversible heat exchanges,
but always increased in an irreversible process. Any
process involving a decrease in the total quantity of
entropy was impossible. Equivalent propositions with
regard to the possibility or impossibility of transforma-
tions had previously been stated by Lord Kelvin in
terms of the dissipation of available energy. But,
since Carnot’s solution had been overlooked, no one at
the time seems to have realised that entropy was
simply Carnot’s caloric under another name, that heat
could be measured otherwise than as energy, and that
the increase of entropy in any irreversible process was
the most appropriate measure of the quantity of heat
generated.  Energy so far as we know must always
be associated with something of a material nature
acting as carrier, and there is no reason to believe that
heat energy is an exception to this rule. The tendency
of the kinetic theory has always been to regard entropy
as a purely abstract mathematical function, relating to
the distribution of the energy, but having no physical
existence. Thus it is not a quantity of anything in
the kinetic theory of gases, but merely the logarithm
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of the probability of an arrangement. In a similar
way, some twenty years ago the view was commonly
held that electric phenomena were due merely to strains
in the @ther, and that the electric fluids had no exist-
ence except as a convenient means of mathematical
expression.  Recent discoveries have enabled us to
form a more concrete conception of a charge of elec-
tricity, which has proved invaluable as a guide to
research. Perhaps it is not too much to hope that it
may be possible to attach a similar conception with
advantage to caloric as the measure of a quantity of
heat.

It has generally been admirtted in recent vears that
some independent measure of heat quantity as opposed
to heat energy is required, but opinions have differed
widely with regard to the adoption of entropy as the
quantity factor of heat. Many of these objections
have been felt rather than explicitly stated, and are
therefore “the more difficult to answer satisfactorily.
Others arise from the difficulty of attaching any. con-
crete conception of a quantity of something to such a
vague and shadowy mathematical function as entropy.
The answer to the question ** What is caloric? " must
necessarily be of a somewhat speculative nature. But
it is so necessary for the experimentalist to reason by
analogy from the seen to the unseen, that almost any
answer, however crude, is better than none at all. The
difficulties experienced in regarding entropy as a
measure of heat quantity are more of an academic
nature, but may be usefully considered as a pre-
liminary in attempting to answer the more funda-
mental question.

The first difficulty felt by the student in regarding
‘aloric as the measure of heat quantity is that when
two portions of the same substance, such as water,
at different temperatures are mixed, the quantity of
saloric in the mixture is greater than the sum of the
quantities in the separate portions. The same diffi-
culty was encountered by Carnot from the opposite
point of view. The two portions at different tempera-
tures represented a possible source of motive-power.
The question which he asked himself may be put as
follows :—* If the total quantity of caloric remained
the same when the two portions at different tvm'pvr:\-
tures were simply mixed, what had become of the
motive-power wasted? ' The answer is that caloric
is generated, and that the quantity generated is such
that its energy is the precise equivalent of the motive-
power which might have been obtained if the transfer
of heat had been effected by means of a perfect engine
working without generation of caloric. The caloric
generated in wasting a difference of temperature is the
necessary and appropriate measure of the quantity of
heat obtained by the degradation of available motive-
power into the less available or transformable variety
of heat energy.

The processes by which caloric is generated in mixing
substances at different temperatures, or in other cases
where available motive-power is allowed to run to
waste, are generally of so turbulent a character that
the steps of the process cannot be followed, although
the final result can be predicted under given conditions
from the energy principle. Such processes could not
be expected a priori to throw much light on the nature
of caloric. The familiar process of conduction of
heat through a body the parts of which are at different
temperatures, while equally leading to the generation
of a quantity of caloric equivalent to the motive-power
wasted, affords better promise of elucidating the nature
of caloric, owing to the comparative simplicity and
regularity of the phenomena, which permit closer ex-
perimental study. The earliest measurements of the
relative conducting powers of the metals for heat and
electricity showed that the ratio of the thermal to the
electric conductivity was nearly the same for all the
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' pure metals, and suggested that,

in this case,  the
carriers of heat and electricity were the same. Later
and -more accurate experiments showed that the ratio
of the conductivities was not constant, but varied
nearly as the absolute temperature. At first sight this
might appear to suggest a radical difference between
the two conductivities, but it results merely from the
fact that heat is measured as energy in the definition
of thermal conductivity, whereas electricity is measured
as a quantity of fluid. If thermal conductivity were
defined in terms of caloric or thermal fluid, the ratio
of the two conductivities would be constant with
respect to temperature almost, if not quite, within the
limits of error of experiment. On the hypothesis that
the carriers are the same for electricity and heat, and
that the kinetic energy of each carrier is the same as
that of a gas molecule at the same temperature, it
becomes possible, on the analogy of the kinetic theory
of gases, to calculate the actual value of the ratio of
the conductivities. The value thus found agrees closely
in magnitude with that given by experiment, and may
be regarded as confirming the view that the carriers
are the same, although the hypotheses and analogies
invoked are somewhat speculative.

When the electrons or corpuscles of negative elec-
tricity were discovered it was a natural step to identify
them with the carriers of energy, and to imagine that
a metal contained a large number of such corpuscles,
moving in all directions, and colliding with each other
and with the metallic atoms, like the molecules of a
gas on the kinetic theory. If the mass of each carrier
were 1/1700 of that of an atom of hydrogen, the
velocity at o® C. would be about sixty miles a second,
and would be of the right order of magnitude to
account for the observed values of the conductivities of
good conductors, on the assumption that the number
of negative corpuscles was the same as the number
of positive metallic atoms, and that the mean free path
of each corpuscle was of the same order as the dis-
tance between the atoms. The same hypothesis
served to give a qualitative account of thermo-electric
phenomena, such as the Peltier and Thomson effects,
and of radiation and absorption of heat, though in a
less satisfactory manner. When extended to give a
consistent account of all the related phenomena, it
would appear that the number of free corpuscles re-
quired is too large to be reconciled, for instance, with
the observed values of the specific heat, on the assump-
tion that each corpuscle possesses energy of translation
equal to that of a gas molecule at the same tem-
perature.

Sir J. J. Thomson has accordingly proposed and
discussed another possible theory of metallic conduc-
tion, in which the neutral electric doublets present in
the metal are supposed to be continually interchanging
corpuscles at a very high rate. Under ordinary condi-
tion these interchanges take place indifferently in all
directions, but under the action of an electric field
the axes of the doublets are supposed to become more
or less oriented, as in the Grotthus-chain hypothesis
of electrolytic conduction, producing a general drift
or current proportional to the ficld. This hypothesis,
though fundamentally different from the preceding or
more generally accepted view, appears to lead to prac-
tically the same relations, and is in some ways pre-
ferable, as suggesting possible explanations of diffi-
culties encountered by the first theory in postulating so
large a number of free negative corpuscles. On the
other hand, the second theory reauires that each
neutral doublet should be continually ejecting cor-
puscles at the rate of about 10'® per second. There
are probably elements of truth in both theories, but,
without insisting too much on the exact details of the
process, we may at least assert with some confidence

* that the corpuscles of caloric which constitute a cur-



SEPTEMBER 5, 1912]

—_———

NATURE

25

rent of heat in a metal are very closely related to the
corpuscles of electricity, and have an equal right to
be regarded as constituting a material fluid possessing
an objective physical existence.

If I may be allowed to speculate a little on my own
account (as we are all here together in holiday mood,
and you will not take anything 1 may say too
seriously), 1 should prefer to.regard the molecules of
caloric, not as being identical with the corpuscles of
negative electricity, but as being neutral doublets
formed by the union of a positive and negative cor-
puscle, in much the same way as a molecule of
hydrogen is formed by the union of two atoms.
Nothing smaller than a hydrogen atom has yet, so
far as 1 know, been discovered with a positive charge.
This may be merely a consequence of the limitations
of our experimental methods, which compel us to
employ metals to so large an extent as electrodes.
In the symmetry of nature it is almost inconceivable
that .the positive corpuscle should not exist, if only as
the other end. of the Faraday-tube or vortex-filament
representing a chemical bond. Prof. Bragg has
identified the X or v rays with neutral corpuscles
travelling at a high velocity, and has. maintained this
hypothesis with brilliant success against the older
view that these rays are not separate entities, but
merely thin, spreading pulses in the @ther produced
by the collisions of corpuscles with matter. 1 must
leave him to summarise the evidence, but if neutral
corpuscles exist, or can be generated in any way, it
should certainly be much easier to detach a neutral
corpuscle from a material atom or molecule than to
detach a corpuscle with a negative charge from the
positive atom with which it is associated. We should
therefore expect neutral corpuscles to be of such ex-
ceedingly common and universal occurrence that their
very existence might be overlooked, unless they hap-
pened to be travelling at such exceptionally high
velocities as are associated with the v rays. Accord-
ing to the pulse theory, it is assumed that all y rays
travel with the velocity of light, and that the enormous
variations observed in their penetrative power depend
simply on the thickness of the pulse transmitted. On
the corpuscular theory, the penetrative power, like that
of the @ and B rays, is a question of size, velocity,
and electric charge.  Particles = carrying electric
charges, like the « and B rays, lose energy in pro-

ducing ions by their electric field, perhaps without
actual collision. Neutral or y rays do not produce

ions directly, but dislodge either v rays or B rays from
atoms by direct collisions, which are comparatively
rare. The B rays alone, as C. T. R. Wilson’s photo-
graphs show, are responsible for the ionisation. Per-
sonally, 1 have long been a convert to Prof. Bragg’s
views on the nature of X rays, but even if we regard
the existence of neutral corpuscles as not yet definitely
proved, it is, I think, permissible to assume their
existence for purposes of argument, in order to see
whether the conception may not be useful in the inter-
pretation of physical phenomena.

If, for instance, we assume that the neutral cor-
puscles or molecules of caloric exist in conductors and
metallic bodies in a comparatively free state of solu-
tion, and are readily dissociated into positive and
negative electrons owing to the high specific inductive
capacity of the medium, the whole theory of metallic
conduction follows directly on the analogy of conduc-
tion in electrolytic solutions. But, whereas in elec-
trolytes the ions are material atoms moving through a
viscous medium with comparatively low velocities, the
ions in metallic conductors are electric corpuscles
moving with high velocities more after the manner
postulated in the kinetic theory of gases. It is easy
to see that this theory will give similar numerical
results to the electronic theory when similar assump-
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tions are made in the course of the work., But it has
the advantage of greater latitude in explaining the
agaries of sign of the Hall effect, and many other
peculiarities in the variation of resistance and thermo-
clectric power with temperature, For good conductors,
like the pure metals, we may suppose, on the electro-
lytic analogy, that the dissociation is practically com-
plete, so that the ratio of the conductivities will
approach the value calculated on the assumption that
all the carriers of heat are also carriers of electricity.
But in bad conductors the dissociation will be far
from complete, and it is possible to see why, for
instance, the electric resistance of cast-iron should be
nearly ten times that of pure iron, although there is
comparatively little difference in their thermal con-
ductivities, The numerical magnitude of the thermo-
electric effect, which is commonly quoted -in explana-
tion of the deviation of alloys from the electronic
theory, is far too small to produce the required result;
and there is little or no correspondence between the
thermo-electric properties of the constituents of alloys
and the variations of their electric conductivities.

One of the oldest difficulties of the material theory
of heat is to explain the process of the production of
heat by friction. The application of the general prin-
ciple of the conservation of energy leads to the
undoubted conclusion that the thermal @ energy
generated is the equivalent of the mechanical work
spent in friction, but throws little or no-light on the
steps of the process, and gives no information with
regard to the actual nature of the energy produced in
the form of heat. It follows from the energy principle
that the quantity of caloric generated in the process
is such that its total energy at the final temperature
is equal to the work spent. If a quantity of caloric
represents so many neutral molecules of electricity, one
cannot help asking where they came from, and how
they were produced. It is certain that in most cases
of friction, wherever slip occurs, some molecules are
torn apart, and the work spent is represented in the
first instance by the separation of electric ions. Some
of these ions are permanently separated as frictional
electricity, and can be made to perform useful work;
but the majority recombine before they can be effec-
tively separated, leaving only their equivalent in
thermal energy. The recombination of two ions is
generally regarded simply as reconstituting the
original molecule at a high temperature, but in the
light of recent discoveries we may perhaps go a step
further. It is generally admitted that X or v rays are
produced by the sudden stoppage of a charged corpuscle,
and Lorentz, in his electron theory of radiation, has
assumed that such is the case however low the velocity
of the electron. A similar effect must occur in the
sudden stoppage of a pair of ions rushing together
under the influence of their mutual attraction. Rays
produced in this way would be of an exceedingly soft
or absorbable character, but they would not differ in
kind from those produced by electrons except that
their energy, not exceeding that of a pair of ions,
would be too small to produce ionisation, so that they
could not be detected in the usual way. If the X rays
are corpuscular in their nature, we cannot logically
deny the corpuscular character even to the slowest
moving rays. We know that X rays continually pro-
duce other X rays of lower velocity. The final stage
is probably reached when the average energy of an
X corpuscle or molecule of caloric is the same as that
of a gas molecule at the same temperature, and the
number of molecules of caloricgenerated is such that
their total energy is equal to the work originally spent
in friction.

In this connection it is interesting to note that Sir
J. J. Thomson, in a recent paper on ionisation by
moving particles, has arrived, on other grounds, at
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the conclusion that the character of the radiation
emitted during the recombination of the ions will be
a series of pulses, each pulse containing the same
amount of energy and being of the same type as very
soft X rays. If the X rays are really corpuscular,
these definite units or quanta of energy generated
by the recombination of the ions bear a close
resemblance to the hypothetical molecules of caloric.

It may be objected that in many cases of friction,
such as internal or viscous friction in a fluid, no
electrification or ionisation is observable, and that the
generation of caloric cannot in this case be attributed
to the recombination of ions. It must, however, be
remarked that the generation of a molecule of caloric
requires less energy than the separation of two ions;
that, just as the separation of two ions corresponds
with the breaking of a chemical bond, so the genera-
tion of one or more molecules of caloric may corre-
spond with the rupture of a physical bond, such as the
separation of a molecule of vapour from a liquid or
solid. The assumption of a molecular constitution
for caloric follows almost of necessity from the mole-
cular theories of matter and electricity, and is not
inconsistent with any well-established experimental
facts. On the contrary, the many relations which are
known to exist between the specific heats of similar
substances, and also between latent heats, would
appear to lead naturally to a molecular theory of
caloric. For instance, it has often been noticed that
the molecular latent heats of vaporisation of similar
compounds at their boiling-points are proportional to
the absolute temperature. It follows that the
molecular latent caloric of vaporisation is the same
for all such compounds, or that they require the same
number of molecules of caloric to effect the same
change of state, irrespective of the absolute tempera-
tures of their boiling-points. From this point of view
one may naturally regard the liquid and gaseous states
as conjugate solutions of caloric in matter and matter
in caloric respectively. The proportion of caloric to
matter varies regularly with pressure and temperature,
and there is a definite saturation limit of solubility at
each temperature.

One of the most difficult cases of the generation of
caloric to follow in detail is that which occurs when-
ever there is exchange of heat by radiation between
bodies at different temperatures. If radiation is an
electro-magnetic wave-motion, we must suppose that
there is some kind of electric oscillator or resonator
in the constitution of a material molecule which is
capable of responding to the electric oscillations. If
the natural periods of the resonators correspond suffi-
ciently closely with those of the incident radiation
the amplitude of the vibration excited may be sufficient
to cause the ejection of a corpuscle of caloric. It is
generally admitted that the ejection of an electron
may be brought about in this manner, but it would
evidently require far less energy to produce the emis-
sion of a neutral corpuscle, which ought therefore to
be a much more common effect. On this view, the
conversion of energy of radiation into energy of caloric
is a discontinuous process taking place by definite
molecular increments, but the absorption or emission
of radiation itself is a continuous process. Prof.
Planck, by a most ingenious argument based on the
probability of the distribution of energy among a large
number of similar electric oscillators (in which the
entropy is taken as the logarithm of the probability,
and the temperature as the rate of increase of energy
per unit of entropy), has succeeded in deducing his
well-known formula for the distribution of energy in
full radiation at any temperature; and has recently,
by a further extension of the same line of argument,
arrived at the remarkable conclusion that, while the
absorption of radiation is continuous, the emission of
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radiatidn is discontinuous, occurring in discrete
elements or quanta. Where an argument depends on
so many intricate hypotheses and analogies the possible
interpretations of the mathematical formula are to
some extent uncertain; but it would appear that Prof.
Planck’s equations are not necessarily inconsistent with
the view above expressed that both emission and
absorption of radiation are continuous, and that his
elementa quanta, the energy of which varies with their
frequency, should rather be identified with the mole-
cules of caloric, representing the conversion of the
electro-magnetic energy of radiation into the form of
heat, and possessing energy in proportion to their
temperature.

Among the difficulties felt, rather than explicitly
stated, in regarding entropy or caloric as the measure
of heat quantity is its awkward habit of becoming
infinite, according to the usual approximate formula,
at extremes of pressure or temperature. If caloric is
to be regarded as the measure of heat quantity, the
quantity existing in a finite body must be finite, and
must vanish at the absolute zero of temperature. In
reality there is no experimental foundation for any
other conclusion. According to the usual gas formulae
it would be possible to extract an infinite quantity of
caloric from a finite quantity of gas by compressing
it at constant temperature. It is true that (even if
we assumed the law of gases to hold up to infinite pres-
sures, which is far from being the case) the quantity
of caloric extracted would be of an infinitely low order
of infinity as compared with the pressure required.
But, as a matter of fact, experiment indicates that the
quantity obtainable would be finite, although its exact
value cannot be calculated owing to our ignorance of
the properties of gases at infinite pressures. In a
similar way, if we assume that the specific heat as
ordinarily measured remains constant, or approaches a
finite limit at the absolute zero of temperature, we
should arrive at the conclusion that an infinite quantity
of caloric would be required to raise the temperature
of a finite body from 0° to 1° absolute. The tendency
of recent experimental work on specific heats at low
temperatures, by Tilden, Nernst, Lindemann, and
others, is to show, on the contrary, that the specific
heats of all substances tend to vanish as the absolute
zero is approached, and that it is the specific capacity
for caloric which approaches a finite limit. The theory
of the variation urthe specific heats of solids at low
temperatures is one of the most vital problems in the
theory of heat at the present time, and is engaging
the attention of many active workers. Prof. Linde-
mann, one of the leading exponents of this work, has
kindly consented to open a discussion on the subject
in our section. We are very fortunate to have suc-
ceeded in securing so able an exponent, and shall await
his exposition with the greatest interest. For the
present I need only add that the obvious conclusion
of the caloric theory bids fair to be completely
justified.

A most interesting question, which early presented
itself to Rumford and other inquirers into the caloric
theory of heat, was whether caloric possessed weight:
While a positive answer to this question would be
greatly in favour of a material theory, a negative
answer, such as that found by Rumford, or quite
recently by Profs. Poynting and Phillips, and by Mr.
L. Southerns working independently, would not be
conclusively against it. The latter observers found
that the change in weight, if any, certainly did not
exceed 1 in 10% per 1° C. If the mass of a molecule
of caloric were the same as that generally attributed
to an electron, the change of weight, in the cases
tested, should have been of the order of 1 in 10" per
1° C., and should not-have escaped detection. It is
generally agreed, however, that the mass of the elec-
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tron is entirely electro-magnetic. Any such statement
virtually assumes a parocular distribution of the
eleciricity in a spherical electron of given size. But
if electricity itself really consists of electrons, an
argument of this type would appear to be so periectly
circular that it is questionabie how much weight
should be attached to it. If the equivalent mass of an
electron in motion arises slowly from the electro-
magnetic field produced by its motion, a neutral cor-
puscle of caloric should not possess mass or energy
of translation as a whole, though it might still possess
energy of vibration or rotation of its separate charges.
FFor tne purpose of mental imagery we might picture
the electron as the free or broken end ot a vortex
filament, and the neutral corpuscle as a vortex ring
produced when the positive and negative ends are
united; but a mental picture of this kind does not
carry us any further than the sphere coated with
electricity, except in so far as either image may sug-
gest points for experimental investigation. In our
ignorance of the exact mechanism of gravity it is
even conceivable that a particle of caloric might
possess mass without possessing weight, though, with
the possible exception of the electron, nothing of the
kind has yet been demonstrated. In any case it would
appear that the mass, if any, associated with a
quantity of caloric must be so small that we could not
hope to learn much about it by the direct use of the
balance.

The fundamental property of caloric, that its total
quantity cannot be diminished by any known process
and that it is not energy but merely the vehicle or
carrier of energy, is most simply represented in
thought by imagining it to consist of some in-
destructible form of matter. The further property,
that it is always generated in any turbulent or irre-
versible process, appears at first sight to conflict with
this idea, because it is difficult to see how anything
indestructible can be so easily generated. When,
however, we speak of caloric as being generated, what
we really mean is that it becomes associated with a
material body in such a way that we can observe and
measure its quantity by the change of state produced.
The caloric may have existed previously in a form
in which its presence could not be detected. In the
light of recent discoveries we might suppose the caloric
generated to arise from the disintegration of the
atoms of matter. No doubt some caloric is produced
in this way, but those corpuscles that are so strongly
held as to be incapable of detection by .or(hnary physical
methods require intense shocks to dislodge them. A
more probable source of caloric is the @ther, which,
so far as we know, may consist entirely of neutral
corpuscles of caloric. The hypothesis of a continuous
wther has led to great difficulties In }hc electro-
magnetic theory of light and in the kinetic theory of
gases. A molecular, or cellular-vortex, structure
appears to be required. According to the researches
of Kelvin, Fitzgerald, and Hicks, such an ather can
be devised to satisfy the requirements of the electro-
magnetic theory without requiring it to possess a
density many times greater than that of platinum.
So far as the properties of caloric are concerned, a
neutral pair of electrons would appear to constitute
the simplest type of molecule, though without more
exact knowledge of the ultimate nature of an electric
charge it would be impossible to predict all its pro-
perties.  Whether an @ther composed of such molecules
would be competent to discharge satisfactorily all the
onerous functions expected from it, may be difficult
to decide, but the inquiry, in its turn, would probably
throw light on the ultimate structure of the molecule.

Without venturing too far into the regions of meta-
physical speculation, or reasoning in vicious circles
absut the nature of an electric charge, we may at least
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assert with some degree of plausibility that material
bodies under ordinary conditions probably contain a
number of discrete physical entities, similar in kind
to X rays or neutral corpuscles, which are capable of
acting as carriers of energy, and of preserving the
statical equilibrium between matter and radiation at
any temperature in virtue of their interchanges with
electrons. If we go a step further and identify these
corpuscles with the molecules of caloric, we shall cer-
tainly come in conflict with some of the fundamental
dogmas of the kinetic theory, which tries to express
everything in terms of energy, but the change involved
is mainly one of point of view or expression. The ex-
perimental facts remain the same, but we describe them
differently. Caloric has a physical existence, instead
of being merely the logarithm of the probability of a
complex ion. In common with many experimentalists,
I cannot help feeling that we have everything to gain
by attaching a material conception to a quantity of
caloric as the natural measure of a quantity of heat as
opposed to a quantity of heat energy. In the time at
my disposal I could not pretend to offer you more than
a suggestion of a sketch, an apology for the possibility
of an explanation, but I hope I may have succeeded
in conveying the impression that a caloric theory of
heat is not so entirely unreasonable in the light of
recent experiment as we are sometimes led to imagine.

NOTES.

Dr. G. T. Bemwsy, F.R.S., has been appointed a
member of the Royal Commission on Oil Fuel in suc-
cession to the late Dr. H. Owen Jones.

Tue death is announced, at eighty years of age, of
Prof. T. Gomperz, of the University of Vienna, dis-
tinguished by his studies in philology and philosophy,
and well known by his work * Greek Thinkers,” of
which an English translation appeared several years
ago. )

As previously announced, the autumn meeting of the
Institute of Metals will be held in London on Wednes-
day and Thursday, September 25 and 26. The follow-
ing are among the papers that are expected to be
submitted :—Autogenous welding by means of oxygen
and acetylene of copper and its principal alloys, and of
aluminium, Prof. F. Carnevali; the effect of other
metals on the structure of the beta constituent in
copper-zinc alloys, Prof. H. C. H. Carpenter; the
effect of temperatures higher than atmospheric on
tensile tests of copper and its alloys, Prof. A. K.
Huntington; the influence of oxygen on the proper-
ties of metals and alloys, E. I. Law; the annealing
of coinage alloys, Dr. T. Kirke Rose; intercrystalline
cohesion in metals (with an appendix on the formation
of twinned crystals in silver), Dr. W. Rosenhain and
D. Ewen; oxygen in brass, Prof. T. Turner.

WEe regret to announce that Prof. T. Winter, pro-
fessor of agriculture in University College of North
Wales, Bangor, died on Sunday, September 1, at
forty-six years of age. Prof. Winter was educated at
Darlington Grammar School and Edinburgh Univer-
sity, where he graduated in arts. He afterwards
became assistant lecturer on agriculture at the Uni-
versity College of North Wales. Later he was ap-
pointed lecturer in agriculture at the University of
Leeds; and in 1894 he returned to the University
College of North Wales as head of the agricultural
department. He took an active part in agricultural
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matters in  Wales, and was widely known and
respected throughout the country.

WE are glad to see that progress is gradually being
made with the synchronisation of clocks, thanks
largely to the enterprise of private companies. Last
vear a committee of the British Science Guild pre-
sented a valuable report upon the position of the sub-
ject and the system employed by the General Post
Office, and an instructive account of synchronisa-
tion and the importance of correct time is given by
Major O'Meara in an address printed in this year's
report of the Guild. The committee recommended
that, as a beginning, it would probably be well to
have a few large public clocks in London synchronised,
and that these should be set apart and considered as
“standard time clocks.” An electric clock which may
be used for the purpose suggested by the committee
has just been built by the Silent Electric Clock Co.,
192 Goswell Road, London, E.C., on the new mills of
the Hovis Bread Co., Vauxhall Bridge Road. We
understand that this electric clock, with its four faces
cach g ft. 6 in. diameter, is not only the largest elec-
tric clock in London, but is also to be controiled by a
master clock directly synchronised from Greenwich.
The clock thus represents an up-to-date form of public
timekeeper which is likely to be extensively adopted
in the future.

A LocaL society which possesses such a creditable
record of work as the Royal Cornwall Polytechnic
Society does well to commemorate worthies who were
members of their body. In the first part of its Pro-
ceedings for 1912 it publishes portraits and lives of
three of its most eminent members, Sir C. Lemon,
F.R.S., first president (1833-67), who did good ser-
vice to science by his attempt to found a school of
mines at Truro, a project which was in advance of
the times when it was proposed, but has been since
realised; Lord de Dunstanville, first patron, scholar
and politician; and last, but not least, Davies Gilbert,
who succeeded Sir Humphry Davy as president of the
Royal Society, an accomplished botanist and distin-
guished in other branches of science. In the annual
report the council takes occasion to congratulate the
Rev. Philip Carlyon, a former vice-president of the
society, on attaining the age of a hundred years in
December last.

Vorume xi. of the Zoological Publications of the
Field Museum dévoted to an account of the
mammals  of Illinois and Wisconsin, comprising
502 pages of text and a large number of illustrations.
“Keys" to the various genera and their species are
given.

IN the report of the Field Museum of Natural His-
tory, Chicago, for 1911, the director refers to the
acquisition by the trustees of a site for a new building
in Jackson Park, immediately to the north of the
present structure. The plans for the new building have
been approved, and the specifications for the contracts
drawn up. The report is illustrated with photographs
of bird groups and other interesting exhibits recently
added to the museum.

Tue Meteorological Service of Canada has issued
a very useful pamphlet on the comparison of the
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.“\ngslrﬁm pyrheliometer and the Callendar sunshine
recorder, and the determination of the proportion of
heat received on a horizontal surface from the diffuse
radiation from the sky to that received from the
sun. The International Union for Cooperation in
Solar Research at its Oxford conference recommended
(1) the adoption of the former instrument, and (2)
comparisons between it and other standard instru-
ments, but except at laboratories and the larger
observatorjes little is vet generally known about its
working. The paper in question, prepared by Mr.
J. Patterson, under the direction of Mr. R. F.
Stupart, gives a very clear idea of the construction
and action of both the above instruments. The fol-
lowing are among the noteworthy features shown
by their comparison: (1) the maximum intensity of
radiation measured by the Angstrom instrument
occurred at apparent noon, and by the Cal-
lendar recorder about forty minutes later. (2) The
Angstrom instrument gave slightly higher values in
the afternoon than in the morning, and the Callendar
recorder much higher values. (3) In the early morn-
ing and late afternoon the Callendar instrument gave
higher readings than the .»o\ngstriim. (4) Excluding
the morning readings the greatest percentage differ-
ence occurred between gh. and 10h. a.m.; from about
th. to 3h. p.m. the change in percentage was very
slight.

Sik T. L. Hearn has now supplied an English
edition (Cambridge Press, 2s. 6d.) of the ** Method " of
Archimedes, discovered by Heiberg in 1906. This
tract of very great interest, because it gives
mechanical discussions of geometrical problems based
upon the principle of the lever. Thus we have the
rule for the quadrature of a parabolic segment, which
Archimedes elsewhere proves by the method of exhaus-
tion. Archimedes expressly says that the ** Method "
does not supply demonstrations; he does not give any
reasons, but no doubt he had in mind what we should
call the theory of infinitesimals of different orders. For
example, a triangular lamina may be roughly, but not
exactly, replaced by a set of parallel rectangular
strips; to find the centroid of the triangle we must
find the limiting position of the centroid of the system
of strips. Among other noteworthy points it may
be observed that Archimedes arrived at the formula
for the volume of a sphere before he discovered that
for its area; and that he attributes to Democritus the
discovery of the theorem that pyramids of equal bases
and altitudes are of ‘equal volume. The first proof,
allowed to be rigorous, he assigns (as elsewhere) to
Eudoxus. As usual, the editor’s task is performed
with great learning and thoroughness; his introduc-
tion in particular will be found extremely useful by
those who are not familiar with Greek mathematics
beyond the elementary stage.

The Central—the journal of the City and Guilds
Engineering College—for August contains an article
advocating the use of direct rather than alternating
currents in electric traction by Mr. L. Calisch, an
account of some recent improvements in vacuum
evaporation by Mr. W. A. Davis, and a description
of the Boncourt system of gaseous combustion by one

is
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of its inventors, Mr. C, D. McCourt. The feature of
the system is the combustion of the gas and air mix-
ture as it is passing with the requisite velocity through
the interstices of a granular refractory material. A
steam boiler fired in this way evaporates 16 lbs. of
water per hour per square foot of heating surface.
The old student notes occupy fifteen pages. Referring
o work in the drawing office of a French engineering
firm, Mr. K. C. Barnaby writes :— . . there is
the delightful metric system. [ cannot imagine any-
one who has worked and calculated in a Continental
office who would not wish our antiquated system of
weights and measures——well, where parallels meet."”

Tue fifty-seventh annual exhibition of the Royal
Photographic Society, which was opened last Monday,
will remain open until the 21st inst. at the Gallery of
the Royal Society of British Artists, Suffolk Street,
Pall Mall. In the scientific and technical sections four
exhibits have been awarded medals. The first consists
of examples of a new photo-mechanical process by Mr.,
\. E. Bawtree, who has found a method of trans-
ferring the pigment of an impression from an engraved
plate, whether it is old or new, to a sheet of glass, so
probducing a more perfect transparency than any
camera method can yield. He claims that not a grain
of the pigment is lost. From this transparency copies
of the original may be made by various photographic
or photo-mechanical methods as is well known. He
can then retransfer the pigment from the glass to
paper without the loss of even the finest detail. The
method of transfer is so easy that the author does
not yet describe it, because it enables facsimiles of
bank-notes and such documents to be prepared with
a very moderate outlay for apparatus. Dr. D. H.
Hutchinson’s series of photomicrographs of the ova
of the Mexican Axolotl show the development of the
embryo from the first day after the egg has been laid
up to the time of its escape from the egg. This, and
Mr, Farren's series of photographs of the little egret,
and Mr. G. Busby's autochrome landscape, well
deserve the medals that have been awarded them.
Among the numerous other exhibits we may perhaps
direct special attention to the radiographs of Dr. Hall-
Edwards, which show the effect of bismuth salts and
iodoform in indicating details with great clearness,
Dr. Thurstan Holland'’s * plastic" radiographs, Dr.
T. W. Butcher's high-power photomicrographs, and
Dr., Rodman’s stereo-photomicrographs of the scales
on the wings of moths and butterflies and the hairs
on the leaves of plants, though it seems almost
invidious to do so where so much good work is shown
illustrating many different branches of work.

Parts ii. and iii. of the Subject List of Works on
Mineral Industries in the Library of the Patent Office
have just been published at the office, 25 Southampton
Buildings, Chancery Lane, W.C., price sixpence each.
Part ii. contains classified titles of works on iron
manufacture, alloys, and metallography, and part iii.
those relating to metallurgy (non-ferrous and general),
dssaying, and fuel combustion. The lists, like others
I the same series, are most helpful guides to the
tntents of a very valuable library.
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Tue Seectrum orF Brooks's COMET, 191ic.—Some
excellent spectrograms of comet 1911¢ are reproduced
and their special features discussed by MM. de la
Baume Pluvinel and Baldet in the September number
of L'Astronomie. The spectrographs employed were
mounted at the Juvisy Observatory, and an examina-
tion of the complete series of plates shows very
markedly the spectral changes which took place as the
comet approached the sunj between August and the
end of October a number of *‘unknown' radiations
between A 4100 and A 4000 suffered a considerable
diminution of intensity as compared with other radia-
tions. The wave-lengths of these lines, considered
precise to 1 )\, are 4099, 4074, 4005, 4051, 4041, 4032,
and 4016, These radiations were peculiar to the
nucleus of the comet, being found neither in the coma
nor the tail, and as they became fainter the tail
radiations became strong; it was also noted that in
the later spectra the tail radiations extended well to
the front of the comet’s head, showing that in active
comets, such as this one and Morehouse's, the tail
matter is expelled in all directions. In Kiess's comet
it appeared to escape from one point only. Altogether
47 monochromatic images of the nucleus were counted
on the Juvisy plates, but the kathode spectrum of
nitrogen was not recognised among them.

Tue CoroNa AT THE ToraL SoLar EcLipse or ApriL
17.—A drawing of the corona, made by Sefor J. Comas
Sol4, at Barco de Valdeorras (Galicia), on April 17.
appears in No. 4597 of the Astronomische Nachrichten.
Although observers at other stations were uncertain
as to the definite apparition of the corona, Senor
Comas Sola saw it well extended, and on his drawing
depicts it extending equatorially to about 24 ssolar
diameters on either side of the sun. The drawing,
given principally to show the general form, repre-
sents a corona distinctly of the minimum type. The
same observer also describes his spectrum observa-
tions, while many others give the results of observa-
tions of the contacts, &c.

Tue DiaMETER OF NEPTUNE.—An interesting paper
by Dr. G. Abetti, discussing the various measures of
Neptune made since 1846, appears in No. 8, vol. i.
(second series), of the Memorie della Societa degli
Spettroscopisti Italiani. He shows that the measured
diameter has, in general, tended to become less as
the aperture and magnification employed have in-
creased.  Using only the results from apertures of
more than 4o c:m. and magnifications greater than
620, the mean values being 76 c.m. and 794 respec-
tively, the diameter at unit distance comes out as
69'04" ‘for the mean aperture, and 68'98" for the mean
power; other considerations show that the true value
differs but little from 69”. Using this value, he then
calculates the true diameter as zx10' km., the
density (earth=1) as 029 or (water=1) 1'6, and the
superficial gravity as 1'12, that at the earth’s equator
being taken as 1'0. As seen from the earth, the
apparent diameter ranges between 2°39" and 220",

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.
BirminGiaM.—The University has suffered a severe
loss by the death of the Vice-Chancellor, Alderman
Charles Gabriel Beale, at the early age of 69. Alder-
man Beale, who was a graduate of Trinity College,
Cambridge, was one of the most prominent citizens of
Birmingham, having been elected to the mayoral chair
no fewer than four times.  He was mainly instrumental
in carrying to a successful conclusion the great scheme
for supplying the city with water from the Welsh
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mountains. He was, from the outset, a most energetic
supporter of the movement for establishing a University
in Birmingham, and was largely responsible for the
working-out of the scheme, for which his legal train-
ing and experience qualified him in an unusual degree.
When the University became an accomplished fact in
1900, his services to the cause were fltllm,l\ recog-
nised by his appointment as the first Vice-Chancellor.
His ideas were on a large scale, and he believed
in the importance of aqui.uing the University with
buildings which by their imposing size and appearance
should appeal to local patriotism and serve to keep
bufore the inhabitants of a great industrial centre the
claims of higher education. Within the Universi.y
he was known to the undergraduates for his special
interest in their social welfare.

SOCIETIES AND ACADEMIES.
Paris.
Academy of Sciences, August 26.—M. A. Bassot in

the chair.—Edouard Heckel: The cultural bud muta-
tion of Solanum tuberosum. An account of experi-
ments in the cultivation of wild potato plants from
Chile, Bolivia, and Peru. The tubers produced from
the cultivated plants were edible, and contained a
greater amount of starch than the wild plants. The
tubercles from Bolivia showed the characters of muta-
tion; those from other sources appeare :d to be in course
of mutation.—W. H. Young: The summability of a
function of which the Fourier's series is given.—
B. Bianu and L. Wertenstein : An ijonising radiation,
attributable to the radio-active recoil, emitted by
polonium. It was found to be necessary to use a
polonium film in these experiments not exceeding 1opup
in thickness. The curves obtained with a silver disc
covered with this thin polonium layer, in presence of a
transversal magnetic field of 1100 units, were
analogous with those obtained in the case of radium C,
and show clearly the existence of an absorbable radia-
tion.—J. Bougault : Benzylpyruvic acid. The acid was
prepared by the action of alkaline solutions on phenyl-
a-oxycrotonamide. The vields of benzylpyruvic acid
were good. The condensation products of this acid
with itself and with acetone were also studied.—
H. Vincent : The active immunisation of man against
typhoid fever. Details of five cases are given which
show that inoculations of typhovaccin have a preven-
tive power not only against subsequent absorption of
typhoid cultures, but also against a recent infection
anterior to the inoculation.—Charles Nicolle, [.. Blaizot,
and E. Conseil : The conditions of transmission of
recurrent fever by the flea. The evidence is against
the assumption of hereditary transmission in the
flea.  Details are given of studies in the
necessary conditions for infection.—]. Wollf: The
stimulating action of alkalies and of ammonia in
particular on peroxvdase.—P. Chaussé : The vitality of

the tubercle bacillus tested by inoculation and by
inh~lation. )
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