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Bethnal Green Museum, Visitors to, 306
Bezold (Prof. von). Thermo-dynamics of Atmosphere, 167 ; ' 

Report on Prof. Kiessling’s Book, Researches on the Pheno
mena of Twilight, 287

Bialoveski (Dr. A.): Altaic Granites, 30; on the Want of an 
International Journal of Geology, 208

Bible-kissing in Law Courts, the Dangers of, 418
Bibliography of Astronomy for 1887, W. C. Winlock, 282
Bibliography of Geodesy, Prof. J. IL Gore, 327
Bidwell (Shelford, F.R.S.), Effects of Radiations on the Mag

netization of Iron, 520; an Effect of Light upon Magnetism, 
572 ,

Bile, the Influence of, on the Digestion of Starch, Dr. Sidney 
Martin and Dr. Dawson Williams, 453

Bilz (Dr.), Vapour-density Determinations of Bismuth, Arsenic, 
and Thallium at Extraordinarily High Temperatures, 544

Biology : Marine, Dr. Camille Vigeier on the Zo logical 
Station at Algiers, 16 ; Translations of Foreign Biological 
Memoirs, 51; Biological Station, Denmark, 446; Text
book of Elementary Biology, R. J. Harvey-Gibson, 
482 ; the Rattle of the Rattlesnake, S. Garman, 569 ; a New 
Species of Laminaria, 569 ; the Envelopes in Nostocaceae, 
Maurice Gomont, 569 ; Biological Notes, 5^9

Birds, Angry, L. Blomefield, 175; W. G. Smith, 175
Birds, Morphology of, Dr. II. Gadow, 150, 177
Birds, Mr. Howorth on the Variation of Colour in, Prof. Alfred 

Newton, F.R.S., 318, 389
Birds, Remiges of, Dr. Hans Gadow, 239
Birds from South Western Africa, J. Biittikofer, joo
Birds, Sympathy among, Palmer, 113
Birds, Tabular List of all the Australian, Dr. E. P. Ramsay, 

460
Bishop’s Ring, T. W. Backhouse, 412, 462
Bison, Skeleton of, Dr. N. O. Holst, 327
Blaauw (F. E.), White-tailed Gnu, 311
Black Mountain, Botany of, nt
Black Sea, Storm-Warnings on the Coasts of, 40
Blackie’s Modern Cyclopedia of Universal Inform ation, 581
Blakenhourg (M. O.), New Material from Xana^, 258
Blanc (M. Ed.), Desiccation of the Sahara, 497
Blanford (H. F., F.R.S.): How Rain is Formed, 224; the 

Meteorological Conditions of the Aruwhimi Forest Tract, 
582

Blizzard, the New York, over the Ocean, Lieutenant E. Hayden, 
418

Blomefield (L.), Angry Birds,175
Blomstrand (Prof.), New Platinum Bases, 112
Blue, Egyptian, F. Fouque, 432
Blyth (A. W.), Butter Fat, 358
Blytt (M. A.), on Alternating Beach-Lines, 613

Board of Trade Examinations, Assistant to the, Captain D.
Forbes, 411

Boars, Wild, in Shawangunk Mountains, N.Y., 566
Boas (Dr. Franz), the Houses of the Kwakiutl Indians, 545
Boeddicker (Dr.), Observations of Jupiter, 519
Boisbaudran (Lecoq de), Gad Jinium, 359 
Bois-Reymond (Dr. Paul du), Death of, 612 
Bollettino of Italian Geographical Society, 159 
Bolton (Prof. II. C.), Sonorous Sands, 18 
Bombay Anthropological Society and Mr. E. T. Leith’s Literary

Remains, 466
Bombay Chamber of Commerce Report, 447
Bombay, Proposed Uniform Standard of Weight in, 419 
Bonaparte (Prince Roland), Geographical and Anthropological

Papers, 518
Bone Tissue, on the Activity of, Prof. Wolff, 72
Bongartz (Dr.) and Piof. Classen on the Atomic Weight of 

Tin, 39
Bonney (Prof. T. G., F.R.S.): Foundation-stones of the Earth s 

Crust, 89 ; Crystalline Rocks of Alps, 191 ; Die Gletscher 
der Ostalpen, Dr. Eduard Richter, 361 ; the Alps, Prof. F. 
Umlauft, 361

Bonvalot (Gabriel), Through the Heart of Asia, 457
Boodlea, New Genus of Green Alga:, Mr. Murray, 454 
Book of the Lantern, T. C. Hepworth, 172 
"Bore” in Hangchow Bay, Captain Moore, 469
Borelli (Jules), Explorations in Shoa and Galla Land, 520
Bornet (Ed.) and Ch. Flahault, a Revision of the Heterocyst 

Nostocaccie, 197
Bornstein (Prof.), the Ebb and Flow of the Tide, 6.x> 
Bosnia, Earthquake in, 613
Boston, U.S.A., Exhibition of Meteorological Instruments at, 

591 ...Botany: Uebcr Kern- und Zelltheilung im Pflanzenreichc, 
nebst einem Anhang fiber Befructung, Prof. E. Strasburger, 
4 ; Queen’s Jubilee Prize Essay of the Botanical Society of 
London, John W. Ellis, to; a Course of Practical Instruction 
in Botany. Prof. F. O. Bower, 74; Botany of Socotra, Isaac 
Bayley Balfour, F. R.S., 99 ; Botany of the Black Mountain, 
lit ; Botanical Gazette, 142, 284, 286, 477 ; a New Gutta
percha Plant, Heckel and Schlagdenhaufien, 192; Dr. Schwein- 
furlh’s Expedition to Arabia Felix in search of Botanical Speci
mens, 207 ; Kanaff, a New Material from, M. O. Blakenbuurg, 
258 ; Java Fern Hairs, Cibotium Cummingii, Dicksoma, 262 ; 
Lamb of Tartary, 262; ErythroxyL n boat, 262 ; E. novo-grana- 
tense,2(02 ; Apioeystis, 263 ; Botanical Institute, Stiassburg, 284; 
Journal of Botany, 286 ; Photolysis in Lenina trisulea, S. Le M. 
Moore, 286 ; Biographical Index of Briti h and Irish Botanists, 
286 ; Development of Cork wings on certain Trees, Miss 
E. L. Gregory, 286 ; a Jamaica Drift-fruit, D. Morris, 322 ; 
Botanical Station at St. Lucia, 326 ; Nymphaa caru'ea, 334 4 
Drift-fruit from Jamaica, Huniiria balsamifera, 334 ; Kangaroo 
Island Grass-tree, Xantharrhaa Tateana, 334 ; the Buitenzorg 
Botanic Gardens, 384; Pond-Weeds, Potumogeton falcaius, 
A. Fryer, 477 ; Festuca heterophylla, Rev. E. S. Marshall, 
477 ; Hieracium, F. J. Hanbury, 477; Avrainvillea, G. 
Murray and I.. A. Boodle, 477; Botanical Laboratory at 
University of Philadelphia, 477; New Phosphorescent Fungus, 
Agaricus (Clitocybe) illudens, 477; Common Dodder of 
Massachusetts, Cuscuta Gronovii, ign •, Development of Cork
wings on certain Trees, Emily L. Gregory, 477 ; Oxalate of 
Lime in Plants, Prof. Aser Poli, 477 ; Flora, Prof. K. Goebel, 
494 ; Narcissus Tazzetta, Signor G. Arcangeli, 500; Nyinpluea 
alba and Nuphar iuleum, 500 ; Amorphophallus Nivieri, 500 ; 
Botanical Congress in Paris, 516 ; Botanical Society of France, 
516; Sexual Forms of Catasetum, R. A. Rolfe, 551 ; a 
New Species of Laminaria, J. Rodriguez, 509 ; the Flora of 
Archangelsk, A. Kuznetsoff, 571 ; Flora of St. Petersburg 
Province, Dr. R. Regel, 592

Bott (Dr. W.): Derivatives, &c., of a-Pryocresolc, 190; a 
Method of determining Vapour-Density, 190

Bouchard (M.), on the Htematozoa detected by M. Laveran in 
the Blood of the Inhabitants of Marshy Districts, 335

Bouchardat (G.), Transformation of Terpilene into a Menthene, 
167

Boule (Marcellin), the Precursors of the Canidte, 359
Boulenger (G. A.), a New Permian Rhynchocephalian Reptile, 

Dr. Hermann Credner, 562
| Bourquelot (Em.), Researches on the Saccharine Substances 

contained in Certain Species of Mushroom, 528



Bouty (M. E ), Conductivity and Mole of Electrolysis of Con
centrated Sulphuric Acid Solutions, 455

Bjwer (Prof. F. O.), a Course of Practical Instruction in 
Botany, 74

Boys (C. V., F.R.S.), the Celluloid Slide-rule, 486
Bradford (J. Rose), the Innervation of the Renal Blood-vessels, 

E. A. Schafer, F.R.S., 453 > the Innervation of the Pulmonary 
Vessels, 478

Bradshaw (John), New Zealand of To-day, 340
Branchia; of a Crab, Mussel Living in the, W. R. Pidgeon, 127
Brassart (Signor E.), Seismoscope, 320
Brassica Napus, Colouring Matter of the Testa of the Seed of 

Rape, Alexander Johnstone, 15
Brauner (Dr. B.), Constitution of the Chlorides of Aluminium 

and the Allied Metals, 318
Brazil, Dr. von der Steinen’s Xingu Expedition, 62
Brazilian Transit of Venus Expeditions, 1882, 87
Bread-making, William Jago, 446
Bredichin (Prof.), the Tail of Comet 1887 a (Thom;), 88
Bredichin (Th.), Comet 1887 I., 477
Brcssa Prize, 255
Brester (Dr. A.), Variable Stars and the Constitution of the Sun, 

606
Bretschneider (E.), Mediaeval Researches from Eastern Asiatic 

Sources, &c., 170
Brewing, Lectures on the Science of, Dr. E. R. Moritz, 231
Brewster (E. M. A.), Ventilating Bees, 224
Brewster's Line 7, Prof. Piazzi Smyth, 370
Brigham (William T.), Guatemala, the Land of the Quetzal, 412
Britain, on the Discovery of the Olenellus Fauna in the Lower

Cambrian Rocks of, Prof. C. Lapworth, F.R.S., 212
British Association: Statistics of the, 152 ; Wm. Pengelly, 

F.R.S., on, 197; and Local Scientific Societies, Section A, 
Temperature Variation in Lakes, Rivers, and Estuaries, 187 ; 
Section C, Geological Photography, 187; Section D, Life 
Histories of Native Plants, 188 ; Earth Tremors, 231 ; 
Surplus, 282 ; Meeting at Newcastle, 516

British Bechuanaland, Forests of, 591
British Farmer and his Competitors, W. E. Bear, 146
British Islands, Fossils of the, Robert Etheridge, 49
British Isles, the Building of the, A. J. Jukes Browne, Prof.

A. H. Green, F.R.S., 268
British Mineralogy, the Renaissance of, L. Fletcher, 115 ; Prof.

W. N. Hartley, F.R.S., 149
British Mosses, F. E. Tripp, 434
British Museum: Catalogue of the Fossil Reptilia and Am

phibia in the, Richard Lydekker, 53 ; Catalogue of the Fossil 
Cephalopoda in the, 530 ; Francis Arthur Heron appointed 
to the Assistantship in the Zoological Department of the, 590

British Tertiary Volcanoes, Prof. A. H. Gieen, F.R.S , 131 
British Uredinere and Ustilaginca;, a Monograph of the, Chas.

B. Plowright, 553
Broca’s Cerebral Convolution, G. Herve, 404
Broch (Dr. O. J.), Death of, 375
Brock (Dr. Johannes), Death of, 446
Brodhun (Dr.), Experiments on Fundamental Law of Psycho

physics in connection with Sense of Sight, 119
Bromine and Chlorine, Action of, on the Salts of Tetrethylphos

phonium, Prof. O. Masson and J. B. Kirkland, 454
Brook (G.j, Preliminary Remarks on the Homologies of the 

Mesenteries in the Antipatharia and other Anthozoa, 335
Brooke (Sir William O’Shaughnessy, F.R.S.), Death of, 281
Brooks (W. R.), New Comet, 307
Brown (Prof. Crum,F.R.S.): Action of Sea-water on Magnesium 

Silicates, 455 ; Anatomy and Physiology of Phreoryctes, 455 ; 
Change in the Thermo electric Properties of Wood's Fusible 
Metal, 455 ; the Scientific Papers of the late Thomas Andrews, 
F.R.S., with Memoir by, 554

Brown (E.), Remarkable Rime and Mist, 342
Brown (H. T.), the Permian Rocks of the Leicestershire Coal

field, 95
Brown (J. A.), Tattooing in India, 113
Brown (Prof. Mainwaring), Supposed Death of, 378
Brown (Montague), Evidences of the Antiquity of Man in 

Leicestershire, 232
Brown-Sequard and D’Arsonval, the Toxic Quality of Exhaled 

Air not dependent on Carbonic Acid, 407
Browne (A. J. Jukes): Origin of the Radiolarian Earth of 

Barbados, 367 ; and J. B. Harrison, Tertiary Chalk in ] 
Barbados, 607

Bruce (Dr. Adam Todd), Observations on the Embryology of 
Insects and Arachnids, 509

Bryan (G. IL), the Waves in a Rotating Liquid Spheroid of 
Finite Ellipticity, 142

Buchan (Dr.), Distribution of Stones round the Scottish Coast 
57°

Buchanan (J. V., I'.R.S.), Air-tight Subdivision in Ships, 608
Buckman (S. S.), Cotteswold, Midford, and Yeovil Sands, and 

the Division between Lias and Oolite, 478
Building, the, of the British Isles, Prof. A. H. Green, F.R.S., 

268
Building-Stones of New York City, Alexis A. Julien, 258
Buitenzorg Botanic Garden;, 384
Bulletin de l’Academie Royale de Belgique, 262
Bulletin de l’Academie de; Sciences de St. Petersbourg, 23
Bulletin International de l’Academie des Sciences de Cracovie, 

614
Bulletin of Moscow Society of Naturalists, 6t
Bulletin of Paris Geographical Society, 421
Bulletin de la Societe des Naturalistes de Moscou, 477
Bulletins de la Societe d’Anthropologie, 70, 404
Bulletin de la Societe de Ge rgraphie, 498
Bureau des Longitudes, Extract from Comsaissance des Temps, 

1890, 467
Buriates, the Customs of the Ancient, Khangaloff, 185
Burder (George F.), Alpine Haze, 247
Bury (Mr. II), 16
Busk (Chas. J.), to find the Factors of any Proposed Number, 

4 >3
Biittikofer (J.), Birds from South-Western Africa, 500
Butter Fat, Blyth and Robertson, 358
Butterflies of the Eastern United States and Canada, with 

Special Reference to New England, Samuel H. Scudder, 
Captain IL J. Elwes, 193

Butterflies of the Eastern United States, Samuel II. Scudder, 468
Butterflies, which are the Highest?, Dr. Alfred K. Wallace, 

W. H. Edwards, 611
Butterflies, Variation in, W. W. Smith, 397
Butterfly (7'iru»iala petiverana) from Mombaza, Eastern Africa, 

Jenner-Weir, 527
Butylic Ethers, on the True and Mixed, M. E. Reboul, 311

Caillard (E. M.), the Invisible Powers of Nature, 257
Calculus, Differential, B. Williamson, 26 ; J. Edwards, 26
Calcutta, Earthquake at, 305
Calendar of Imperial University of Japan, 352
California, Earthquakes in, 86
California, on the Occurrence of Hanksite in, Henry G. Hanks, 

310
Caligny (Anatole de), Hydraulic Machine, Mr. Pearsall’s Ap

paratus, 311
Calorimetric Experiments on Animals, Prof. Rosenthal, 624
Calorimetry, Electro-, Sydney Evershed, 9
Cambridge : Sedgwick Triennial Prize, Alfred Harker, 286;

Candidates for Lectureship in Geography, 329 ; Studies from 
the Morphological Laboratory in the University of, 338 ;
Discovery of Saxon Burying-ground at, 396 ; the New Build
ings for Physiology and Anatomy, 445 ; Mr. R. S. Newall's 
Telescope, 477; Local Examinations Report, 525; Prof.
Stokes, P.R.S., elected Rede Lecturer, 280; Proposed New 
Buildings for Anatomy and Physiology, 525 ; General Board 
of Studies Report, 525

Camera Club, Photographic Exhibition, 231
Campbell (Albert), Change in the Thermo-electric Properties of

Wood’s Fusible Metal, 455
Camphols, New Neutral and Acid Ethers of the, M. A. Haller, 

456
Canada, Superficial Geology of Central North-West, J. B.

Tyrrell, 95
Canadian Record of Sciences, 137
Canary Islands, Rides and Studies in, Charles Edwardes, 232
Cancn, Multiple Star £ 398
Canida;, the Precursors of the, Marcellin Boule, 359
Cannibalism, the Origin of, De Nadaillac, 70
Caps, French Student, 352
Carbohydrates, Prof. B. Tollens’s, 433
Carbonic Acid, the Toxic Quality of Exhaled Air not dependent 

on, Brown-Sequard and D’Arsonval, 407
Carboniferous Rocks containing Bacillarites, Stur, M. Stanislas 

Meunier, 479



Carcinus nurnas, Liver of, Dr. A. B. Griffiths, 455
Cardiac Disease, Auto-Infection in, Dr. L. C. Wooldridge, 

357
Cardiff, Aberdare Hall, University College, Report of Com

mittee, 519
Cardiograms, New Experiments on, Dr. Martin’s, 120
Caribee Islands, the Magnetic Elements in, T. E. Thorpe, 

F.R.S., 596
Caribs of Dominica, the, 87
Cadet (G.), the Coussinet, a New Organ attached to Sting of 

Hymenoptera, 192
Carnegie (D. J.), Cupric Iodide, 358
Carnot (Adolphe), Cobalt and Nickel Peroxide and Volumetric 

Analysis, 552
Carpathian Club, the, 157
Carpenter (Dr. P. Herbert, F. R.S.), the Species of Comatulm, 9 
Carus Wilson (C.) : Sonorous Sands, 113 ; New Dry Method 

of separating Denser Minerals from Sand, C91
Casey (J., F.R.S.), a Sequel to the First Six Books of the Ele

ments of Euclid, 14S
Caspian Depression, N. Andrusoff on the Geological History of 

the, 208
Catalogue of the Fossil Reptilia and Amphibia in the British 

Museum, Richard Lydekker, 53
Catasetum, Sexual Forms of, R. A. Rolfe, 551
Catenaries, Two-Nosed, and their Application to the Design of 

Segmental Arches, T. Alexander and A. W. Thomson, 570
Caucasian School of Forestry, 18
Caucasus : Koshtantau, A. F. Mummery, 519 ; Bezingi Glacier, 

H. W. Holder, 519
Cavallin (Herr C. B.), Maximi and MinimiConvergents of a 

certain Class of Distinct Integrals, 456
Cave-Dwellers in Scandinavia, Discovery of Remains of, 40
Cayley (Prof., F.R.S.): on Prof. Sylvester, 217 ; the Theory of 

Groups, 310
Cecchi (Captain), Count Teleki’s Expedition to the North of 

Masai Land, 498
Celebes ?, are there Negritos in, Dr. A. B. Meyer, 30 
Celestial Space, Constitution of, M. G. A. Hirn, 615 
Celluloid, the, Slide-Rule, C. V. Boys, F.R.S., 486 
Central Asia, Action of Wind upon Soil in Deserts of, Prje- 

valsky, 420
Cephaloid Organs in the Tendons of Birds, M. Ranvier, 504 
Cephalopoda, Catalogue of the Fossil, in the British Museum 

(Natural History), Cromwell Road, 530
Cercyonisalopeand nephele, Samuel II. Scudder, 319
Cerebral Convolution, Broca’s, G. Herve, 404
Ceylon : Insect Pests of, 328 ; Review of the Planting and 

Agricultural Industries of, J. Ferguson, 363 ; the Flofa of 
Ritigala, Dr. Trimen and A. P. Green, 468 ; Operations of 
the Survey Department of, 495

Chafianjon (M. Jean), Exploration of Maracaibo, 259
Chalk, Tertiary, in Barbados, A. J. Jukes Brown and J. B. 

Harrison, 607
Challenger Expedition, Zoological Results of the, 145, 409, 

579
Chambers’s Encyclopredia, 6, 557
Chamisso (A. von), the Scientific Work of, 376
Chandler (S. C.): Observation of Faint Minima of Variables, 

41 ; Y Cygni, 158 : Colours of Variable Stars, 352
Character-, Utility of Specific, Prof. W. A. Herdman, 200 
Charlois (M.), New Minor Planets, 352, 378
Charts, Weather, and Storm Warnings, Joseph John Murphy, 

149
Chassagny and Violle, the Phenomena of Electrolysis, 407 
Chatelier(H. Le), Solubility of Salts, 528
Chauveau (M. A.), Infectious Properties of Pathogenic Microbes, 

455 , .
Chemistry : New Polymers of Methyl Ethyl Cyanides, Prof. E. 

von Meyer, 17 ; Compounds of Benzoic Aldehyde, Maquenne 
and Ville, 24 ; Salts of Molybdic Acid, Coloriano, 60 ; Mole
cular Physics, an Attempt at a Comprehensive Dynamical 
Treatment of Physical and Chemical Forces, Prof. F. 
Lindeman, G. W. de T unzelmann, 63 ; New Crystalline 
Compounds of Arsenious Oxide, Riidorff, 86 ; a Class
book of Elementary Chemistry, W. W. Fisher, 78 ; Chemical 
Society, 118, 166, 189, 358, 453. 5°2> 55°. 5^5. 579. 597 5 
Chemical Problems, J. P. Grabfield, 173; an Introduction 
to Practical Inorganic Chemistry, William Jago, tot ; New 
Platinum Bases, Prof. Blomstrand, 112; Combustion in Dried 

Oxygen, H. B. Baker, 117 ; Constitution of the Terpenes— 
Benzine, Prof. W. A. Tilden, F.R.S., 118; the Criteria of 
Plane or Axial Symmetry, S. U. Pickering, 119; Heat of 
Dissolution of Various Substances in Different Liquids, S. U. 
Pickering, 119 ; Laboratory Manual of General Chemistry, 
R. P. Williams, 126; New Fluorine Compounds of Vana
dium, Dr. Emil Petersen, 136 ; New Method of obtaining 
Carbon Oxysulphide, A. Gautier, 156 ; Action of Nitric Acid 
on Ammonium Chloride, Dr. F. E. Matthews, 166 ; Isomeric 
Sulphonic Acids of 3-Naphthylamine, A. G. Green, 166 ; on 
Mixture of Propyl Alcohol and Water, Ramsay and Young, 166 ; 
the Constitution of the Dichloronaphthalenes, Armstrong and 
Wynne, 166; Benzoic Acetals of Mannite, J. Meunier, 167; 
New Method of Producing Oxysulphide of Carbon, A. Gautier, 
167 ; Preparation of Phosphorescent Sulphides of Calcium and 
Strontium, Edmond Becquerel, 167; Transformation of 
Terpilene into a Menthene, Bouchardat and Lafont, 167 ; 
Imperialine, a New Alkaloid, Dr. Fragner, 185; Ber
berine, W. H. Perkin, 190 ; Tectoquinone, Dr. R. Romanis, 
190; Decomposition of Nitroethane by Alkalies, 190 ; Deri
vatives, &c., of a-Pyrocresolc, Bott and Miller, 190; the 
Chemistry of Photography, Prof. R. Meldola, F.R.S., 257 ; 
Action of Sulphuretted Hydrogen on the Sulphate of Zinc in 
a Neutral or Acid Solution, M. H. Bauhigny, 263; Artificial 
Reproduction of Chromiferous Iron, M. Stanislas Meunier, 
263 ; a Chemical Study of the Algetian Soils, M. A. Ladureau, 
263 ; Combination of the Glycol-alcoholate of Soda with 
Glycol, M. de Forcrand, 263 ; on the Active Crystalline Sub
stance extracted from the Seeds of the Smooth or Hairless 
Strophanthus of the Gaboon, M. Arnaud, 263 ; Prof. Arm
strong's Lectures on Chemistry, 280; Report of Researches 
on Silicon Compounds and their Derivatives, Prof. J. 
Emerson Reynolds, F.R.S., 286 ; Double Fluoride of 
Sodium and Aluminium, Prof. Hampe-Clausthal, 306; 
on the Reactions between Chromic Acid and Oxygenated 
Water, M. Berthelot, 311 ; Constitution of the Chlorides of 
Aluminium and the Allied Metals, Dr. B. Brauner, Dr. Sydney 
Young, 318 ; Decomposition of Nickel and Cobalt, Dr. Kriiss, 
325 ; Properties of Allene, G. Gustavson and N. DemianofT, 
334 ; Atomicity of Bore, G Gustavson, 334 ; Properties of 
Pure Vegetable Diastase, N. Kravkoff, 334 ; on a General 
Law of Contraction during the Formation of Solutions of 
Salts, A. Geritsch, 334 ; on the Solutions of Sulphuric Acid 
from the Molecular Point of View, M. Teploff, 334 ; on the 
Heat of Combustion of Stilbene, the Mononaphthenes, and 
some Organic Acids, J. Ossipoff, 334 ; the Fundamental 
Principles of Chemistry Practically Taught by a New Method, 
Robert Galloway, 339 ; the Syntheses of Glucose and Mannite, 
Fischer and Tafel, 351 ; Butter Fat, Blyth and Robertson, 
358 ; a Cubical Form of Bismuthous Oxide, Muir and Hutchin
son, 358 ; Cupric Iodide, D. J. Carnegie, 358; the Butylic 
Ethers (continued), E. Reboul, 359 ; Dichloronaphthalenes, 
Armstrong and Wynne, 359; Reaction of Oxygenated 
Water on Chromic Acid, Berthelot, 359; a New Acid 
of Tin, Prof. W. Spring, 397 ; Remarkable Salts 
of Amidogen, Drs. Curtius and Jay, 419; Salts of Base 
containing Chromium and Urea, Sell and Lewis, 430; 
Prof. B. Tollens’s Carbohydrates, 433 ; the Valency of 
Aluminium, M. Alphonse Combes, 447 ; Practical Inorganic, 
Dr. Samuel Rideal, 485 ; Application of Raoult’s Depression 
of Melting-Point Method to Alloys, Hcycock and Neville, 
597 ; Vapour-Density Determinations of Bismuth, Arsenic, 
and Thallium at Extraordinarily High Temperatures, 544 ; 
the Decomposition of Carbon Disulphide by Shock, Prof. T. 
E. Thorpe, F.R.S., 549; Cobalt and Nickel Peroxides and 
Volumetric Analysis, Adolphe Carnot, 552 ; the Glycol-Ether 
of Chloral, De Forcrand, 552 ; the Redetermination of Atomic 
Weight of Chromium, 566 ; Chemical “ Wrecker,” Peter T. 
Austen, 577 ; Chemical Lecture Notes, Peter T. Austen, 577 ; 
Compressibility of Hydrogen, H. Crompton, 583 ; Derivatives 
of the unknown Tri-hydrocyanic Acid, 590 ; Alloys of Lead, 
Tin, and Zinc, Wright and Thompson, 596; Molecular Weights 
of Metals, Prof. W. Ramsay, F.R.S., 597; Determination of 
Constitution of Heteronucleal aB- and 30-di-derivatives of 
Naphthalene, Armstrong and Wynne, 598 ; Chemical Re
actions, the Inert Layer in, Prof. Liebreieh, 599; Elementary 
Inorganic Chemistry, A. Humboldt Sexton, 605 ; Iso-arabin, 
a Carbohydrate of C0H10O8, prepared by Prof. Ballo, 613

Chevreul (Michel-Eugene), Death of, 565, 589
Chiengtung, W. J. Archer, 470



Chimpanzee, the Bald-headed, 254
China : Science and Education in, 40 ; Michaelis’s Journeys in, 

63 ; Chinese Animal Superstitions, 185 ; the Law of Storms 
in, Dr. W. Doberck, 301 ; Dr. Joseph Edkins on Star
naming amongst the Ancient Chinese, 309; Education for 
Government Service in, 420 ; Afforestation in China, 593 ; 
Further Notes on the Geology of Eastern Coast of China and 
Adjacent Islands, 610 ; Chinese Zoological Myths, 615

Chloral, the Glycol ether of, De Forcrand, 552
Chloride and Bromide of Copper, M. Deniges, 528
Chlorides of Aluminium, on the Formula; of the, and the Allied 

Metals, Dr. Sydney Young, 198 ; Dr. B. Brauner and Dr. 
Sydney Young, 318

Cholera : Asiatic, a New Remedy for, 48 ; Causation of, Dr. G. 
Sims Woodhead, 334; Biological and Therapeutic Experiments 
on Cholera, M. W. Loewenthal, 263 ; on the Virulence of 
Cholera Parasites, M. Hueppe, 312; the Natural History 
and Epidemiology of Cholera, Sir J. Fayrer, W. R. Smith, 
557

Chondroid Plaques in the Tendons of Birds, M. L. Ranvier, 
478

Christiania Fiord, Scarcity of Sparrows about, 352
Christiansand, Brilliant Meteor at, 184
Christie (W. H. M., F.R.S.), M. Loewy’s Inventions and 

Researches, 421
Christmas Island, Flora of, W. B. Hemsley, 551
Christy (T.), Collection of Java Fern-hairs, 262
Chroinatology of the Bile, Prof. Haycraft and Dr. Harold 

Scofield, 527
Chromic Acid and Oxygenated Water, on the Reactions 

between, M. Berthelot, 311
Chromium, Atomic Weight of, S. G. Rawson, 503, 566 ; Chro

mium and Urea, Salts of Base containing, Sell and Lewis, 430
Chronograph for Measuring Explosives, New, F. J. Smith, 

549
Church (Very Rev. Dean), “Bacon,” Prof. T. Fowler, 3
Cienkowski (the late L.), Papers on, 525
Civilization, the, of Sweden in Heathen Times, Oscar 

Montelius, 270
Clarke (C. B., F.R.S.), a Class-book of Geography, 605
Clarke (Frank W.), the Constants of Nature, 29
Classen (Prof.) and Dr. Bongartz, on the Atomic Weight of 

Tin, 39
Claypole (E. W.), Falls of Rock at Niagara, 367
Cleistogamy, Rev. Geo. Henslow, 104
Clerke (A. M.), Irregular Star Clusters, 13 ; an Historical and 

Descriptive List of some Double Stars suspected to vary in 
Light, 55

Climate of Siberia in the Mammoth Age, Henry II. Howorth, 
M.P., 294, 365

Climatology : Das Klima des Aussertropischen Siidafrika, 
mit Berucksichtigung der geographischen und wirtschaftlichen 
Beziehungen nach klimatischen Provinzcn dargestellt, Dr. 
Karl Dove, 556

Cloud, Cirrus, Photography, Dr. Riggenbach, 112
Clouds: Instructions for Observing, on Land and Sea, Hon.

Ralph Abercromby, 126; Luminous Night, O. Jesse, 537
Chinn (T. R. IL), the Earthquake in Lancashire, 390
Clusters, Irregular Star, A. M. Clerke, 13
Clyde from its Sources to the Sea, the, W. J. Millar, 365
Coal-Measures, the Fossil Plants of the, Prof. W. J. Williamson, 

F.R.S., 571
Cobalt and Nickel : Decomposition of, Dr. Kriiss, 325
Cobalt and Nickel Peroxides and Volumetric Analysis, Adolphe 

Carnot, 552
Cobalt: Resistance of, in a Magnetic Field, 309; the Relation 

of, to Iron as indicated by Absorption-Spectra, Dr. W. J. 
Russell, F.R.S., and W. J. Orsman, Jun., 453

Coca Plant, 256
Cockle (Sir James, F.R.S.), on the Confluences and Bifurca

tions of certain Theories, 521
Cockroaches of the Carboniferous Age, C. Brongniart, 384
Cocoa-nut Palm, 214
Cod-fishery in United States, 85
Codrington (Dr. R. II.) : on Social Regulations in Melanesia, 

215 ; Islands of Melanesia, 470
Coleman (J. J.), Death of, 230
Colenso (W., F.R.S.), Fifty Years Ago in New Zealand, 39
Coleoptera, David Sharp, 147

College Men, Engineers versus Professors and, Prof. A. G- 
Greenhill, F.R.S., 175

Collie (Dr. N.), Note on Methyl Fluoride, 454
Colombo Museum, Reports of the Director, 210
Coloriano (M.), Salts of Molybdic Acid, 60
Colour in Birds, Mr. Howorth on the Variation of, Prof. Alfred 

Newton, F.R.S., 389
Colour, Perception of, Prof. Langley, 308
Colour-Sense, the Action of Santonate of Soda on the, Dr. A. 

Kbnig, 407
Colouring Matter of the Testa of the Seed of Rape (Brassica 

Napus), Alexander Johnstone, 15
Colouring Matters derived from Tar, Dr. Weyl’s Researches, 

264
Colours, Perception of, by Fatigued Eye, 327
Colours of Variable Stars, S. C. Chandler, 352
Comatuke, the Speciesof, Dr. P. Herbert Carpenter, F.R.S.,9 
Combes (M. Alphonse), Valency of Aluminium, 447, 456 
Combination-Tones, Prof. Preyer, 480
Combustion of Explosive Mixtures of Gases, Dr. Michelson, 

480
Comets : Discovery of a New Comet, E. E. Barnard, 42 ; M. 

Gunziger, 240 ; Faye and Barnard, 42, 186, 232 ; October 30, 
Drs. Lamp and Spitaler, 114; Comet 1888e (Barnard, 
September 2), 158, 210, 352; Dr. L. Becker, 114 ; Herr A. 
Berberich, 546; 1888 c and J (Barnard, September 2 and October 
30), 616 ; Dr. R. Spitaler, 61 ; Comet 1888 /(Barnard, 1888 
October 30), Dr. R. Spitaler, 546; Comet 1889 b (Barnard, 
March 31), Herr Von Hepperger, 592; Discovery of a New 
Comet, E. E. Barnard, 567; Comet 1887 a (Thome), the 
Tail of, Prof. Bredichin, 88 ; Comet 1887 L, Th. Bredichin, 
477; Comet, New, W. R. Brooks, 307 ; Observations of 
Faye's Comet, MM. Trepied, Rambaud, and Sy, 312 ; Win- 
necke’s Periodical Comet, Dr. von Haerdtl, 378; 1889 a, 
449; Barnard’s 1888 e, 384

Companion of Sirius, 546
Competitors, the British Farmer and his, W. E. Bear, 146
Compressibility of Hydrogen, H. Crompton, 583
Conder (Major C. R.), the Early Races of Western Asia, 455 
Conductivity and Mode of Electrolysis of Concentrated Sulphuric

Acid Solutions, M. E. Bouty, 455
Congo, Captain Van Gele’s Mission, 329
Congo Railway, Proposed French, 399
Congo State, Introduction of European Vegetables and Fruits 

into, 614
Congresses, Dates of Paris Exhibition, 613
Conuaissance des Temps, 1890, Extract from, 467
Constants of Nature, Frank W. Clarke, 29
Cons.itution of Celestial Space, M. G. A. Hirn, 615
Constitution de I’Espace celeste, on, M. Hirn, by M. Faye, 311 
Co-ordinates of a Planet, on the Elementary Terms in the, M.

Hugo Gylden, 312
Copeland (Prof.), the New Astronomer-Royal for Scotland, 183 
Coral Islands, Origin of, J. Starkie Gardner, 435
Coral Reefs, Currents and, Captain David Wilson-Barker, 389 
Coral Reefs and Islands, Structure, Origin, and Distribution of, 

Dr. John Murray, 424
Coral Reefs of the Peninsula of Sinai, Johannes Walther, 172 
Cordeaux (John), Pallas's Sand Grouse, 40
Corean Collection, Mr. T. Watters's, lit
Coreans, the, Mrs. E. R. Scidmore, 448
Corfield (Prof., F.R.S.), Honorary Member of the Soc'etd 

Franpaise d’Hygiene. 326
Cork-tree Caterpdlar, the, and its Enemies, 18
Cornu (M. A.), Artificial Reproduction of Halos and Parhelic 

Circles, 478
Correlations and their Measurement, chiefly from Anthropo

metric Data, Francis Galton, F.R.S., 238
Corrosion and Fouling of Steel and Iron Ships, Prof. V B. 

Lewes, 616
Cossus ligniperda, J. H. Durrant, 527
Costa Rica Meteorological Institute, 350
Costa Rica, National Museum at, 16
Cotteau (M.), Eocene Echinidaein Alicante, Spain, 239
Cotton-Plant Hemp, 18
Count, can Animals, G. A. Freeman, 390
Coupland (Dr. W. C.), Memory, 244
Cowe (Rev. James), Old Meteorological Register, 58
Crab, Mussel living in the Branchia; of a, W. R. Pidgeon, 127



Cranial Nerves of Elasmobranch FLhes, Prof. J. C. Ewart, 
Prof. Burdon Sanderson, F.R.S., 525

Credner (Dr. Hermann), a New Permian Rhynchoccphalian 
Reptile, G. A. Boulenger, 562

Cremation, the, of the Dead, Dr. Hugo Erichsen, 219 ; A. B.
Basset, 249

Crew (Henry), on the Connection between Earth-Currents and
Changes in Solar Activity, 557

Cristallographie, Manuel Pratique de, G. Wyrouboff, 411
Crompton (H.), Compressibility of Hydrogen, 583
Croneberg (A.), Pseudo-Scorpions or Chernetidoe, 477
Crookes (W., F.R.S.), Recent Researches on the Rare Earths 

as Interpreted by the Spectroscope, 537
Croonian Lecture, Preventive Inoculation, M. Roux, 446, 516
Crops, the Best Forage, Drs. Stebler and Schrdter, Prof. John 

Wrightson, 578
Crova (A.) and M. Houdaille, on the Calorific Intensity of 

Solar Radiation, 311
Crova (M. A.), on the Distribution of the Aqueous Vapour in 

the Atmosphere, 335
Crystal-structure, Some Recent Advances in the Theory of, 

II. A. Miers, 277
Crystallization, the, of Lake Ice, Thomas H. Holland, 295 ;

J. C. McConnel, 367
Cunningham (Lieut.-Colonel Allan), Factors of Numbers, 559
Cunningham (Prof. D. J.), Eight True Ribs in Man, 248
Cunningham (Prof. J. T.), Weismann’s Theory of Variation, 388
Currents and Coral Reefs, Captain David Wilson Barker, 389
Currents, Cyclones and, S. R. Elson, 69
Currents, Earth, on the Connection between, and Changes in

Solar Activity, Henry Crew, 557
Cursorius isabellinus in Denmark, 185
Curtis (Prof. J. E.), Suction Anemometers, 23
Curtis (Prof.), Forestry, 261
Curtius (Dr.), Remarkable Salts of Amidogen, 419
Curzon (Hon. G., M.P.), Trans-Caspian Railway, 470
Cuticular Tissue, Conversion of Mucous Membrane into, Dr.

Posner, 479
Cyanogen, Spectrum of, Prof. II. W. Vogel, 480
Cyclones and Currents, S. R. Elson, 69
Cyclones : West Indian, Maxwell Hall on, 40; in Jamaica, 40
Cyclonic Areas, Movements of, 154
Cyclopedia of Universal Information, Blackie’s Modern, 581
Cygni, V, Chandler, 158

Dale (Rev. T. P.), the Upper Limit of Refraction in Selenium 
and Bromine, 118

Dalton (Dr. John Call), Death of, 466
Dana (Edward S.), Beryllonite, 310
Dana (James D.), on the Origin of the Deep Troughs of the 

Oceanic Depression, 525
Danion (M. L.), Mode of Diffusion of the Voltaic Currents in 

the Human Organism, 312
Darwin nnd Humboldt, 304
Darwin venue Lamarck, Prof. E. Ray Lankester, F.R.S., 428
Darwin (Prof. G. H., F.R.S.): on the Mechanical Conditions of 

a Swarm of Meteorites, 81, 105; the Me eoric Theory of 
Nebular, &c., 460

Darwin’s Pangenesis, Hugo de Vries, 192
Daviesite, 326
Davis Straits and the Ginnunga Gap, 40
Dawson’s (Dr.) Collection of Graptolites, 137
Day (Francis), Zoological Collection given to British Mu.'cum, 

282
Daylight, Penetration of, into the Waters of the Genevan Lake 

and into the Meditetranean, 343
De la Rue (Warren, F.R.S.), Death of, 612
Dean (H. Percy), the Innervation of the Pulmonary Vessels, 

478
Dechen (Dr. H. E. K. von), Death of, 417
Decomposition of Nickel and Cobalt, 325
Deeley (R. M.), Ice Pl. ned, 391
Deerskin Mantle, Dr. E. B. Tylor, 232
Degradation of Energy, H. G. Madan, 249
Dcherain and Potion, the Square-Eared Variety of Wheat, 96
Delage (Auguste), Porphyritic Rocks, Cavenac, near Saint- 

Pons, 456
Delconrmune (M. W.), Exploration of the Lomami, 593

Der.dy (Arthur): Notes on Comparative Anatomy of Sponges, 
357 ; Peritatus in Victoria, 366

Deniges (M.), Chloride and Bromide of Copper, 528
Deniker (M.), the Hottentots in the Paris Garden of Acclimatiza

tion, 499
Denmark : Isabel-coloured Runner shot in, 185 ; Hazel-mouse 

(Myoxue avellanarius}, 306 ; Discovery of Remarkable Stone 
Age Graves in. Dr. Zinck, 591

Denning (W. F.): the Leonid Meteor-shower, 1888, 84 ; Shoot
ing-stars of April, 588 ; Large Fireball, 606

Denny (W.), Life of, A. B. Bruce, Francis Elgar, 241
Denza (Pere F.), Shooting-stars in Italy, 263
Derby (O. A.), Monazite, 429
Desiccated Human Remains, 36
Determinants, Diagram Illustrating the History of, Dr. Thomas 

Muir, 527
Detonating Meteor, Maxwell Hall, 368 ; W. H. G. Monck, 

39°
Deutsche Ueberseeische Meteorologische Beobachtungen, 613
Dibromide of Crotonylenc, Prof. Wislicenus and Herr Holz, 467
Dichloronaphthalenes, the Constitution of the, Armstrong and

Wynne, 166
Dichloronaphthalenes, Armstrong and Wynne, 359
Dickins (F. Victor), the Protest in the Nineteenth Century, 53
Dickson (H. N.): Temperature of Sea round East Coast of

Scotland, 570 ; Weather Lore of Scottish Fishermen, 570
Dictionary, Encyclopedic, 410
Differential Calculus, B. Williamson, 26 ; J. Edwards, 26
Digne, Earthquake at, 86
Dipnoan Fishes, some Paleozoic, Anton Fritsch, 196
Discharge, the, of a Leyden Jar, Prof. Oliver J. Lodge, F.R.S., 

471
Diurnal Nutation, M. Folie, 311
Diurnal Nutation, the Influence of, in the Discussion of the

Observations of a Lyre, 1.. Niesten, 262
Divergent Evolution, John T. Gulick, 54
Doberck (Dr. W.), the Law of Storms in China, 301
Dodgson (Chas. L.): Curiosa Mathematica, 124; on Parallels,

R. Tucker, 175
Dog, the Pointer, C. A. Pietrement, 405
Dole meds Jimbriatus, Clerck, at Killarney, A. G. More, 511
Dominica, the Original Carib Population of, 87
Donders (Prof.), Death of, 5*7
Donisthorpe (W.), Zodiacal Light Observations, 537
Dordogne, Discovery of a New Quaternary Station in, Emile 

Riviere, 407
Double Stars suspected to Vary in Light, an Historical and

Descriptive List of some, A. M. Clerke, 55
Douglas (J.), First Principles of Physiography, 223
Dove (Dr. Karl), Das Klima des Aussertropischen Siidafrika, 

mit Beriicksichtigung der geographischen und wirbchaftlichen 
Bcziehungen nach klimatischen Provinzen dargestellt, 556

Dragoumis (E. J.), Note on the Use of Geissler’s Tubes for
Detecting Electrical Oscillations, 548

Drant Valley, Earthquake in, 184
Dreams, Transposition of Objects seen in, W. A. Hollis, 614
Dreyer (Dr. J. E. L.), Astronomical Observatory of Pekin, 55
Drift fruit, a Jamaica, D. Morris, 322
Drummond (A. T.): Lake Superior, 468; Temperatures in

Lake Huron, 582
Dudley (William R.), Botanical Institute, Strassburg, 284
Dujardin-Beaumetz, on the Physiological and Therapeutic Action 

of Orthomethylacetaniiide, 528
Duncan (Prof. P. Martin, F.R.S.), the Porcupine Echinoidea, 

175 , .
Dundee Technical Laboratory for Dyeing and Bleaching, 350;

Technical Education in, 545
Dvnsink Observatory, Preientr.tion of Photographing Reflecting 

Telescope by Isaac Roberts, 280
Dunstan (Prof. W. R.), Decomposition of Nitroethane by

Alkalies, 190
Durham College of Science, Opening of New Buildings, 39
Dust Particles in the Atmosphere, Apparatus for Counting, John

Aitken, 527
Dutch Cong'ess of Science and Medicine, Proposed Meeting at 

Leyden, 589
Duthie (J. F.), Botany of Black Mountain, tit
Dyeing and Bleaching, Opening of Dundee Technical Labora

tory, 350



Dyer (W. T. Thiselton, F.R.S.) : Mr. Romanes’s Paradox, 7 ; 
on Physiological Selection, Prof. George J. Romanes, F.R.S., 
103 ; Mr. Romanes on the Origin of Species, 126

Dymond (T. S.), Decomposition of Nitroethane by Alkalies, 190 
Dynamo, a Simple, Frederick J. Smith, 80
Dynamos, Regulating, 308
Dziobek (Dr. O.to), Theory of Planetary Motion, 134

Early Races, the, of Western Asia, Major C. R. Conder, 455 
Earth, Surface of the, Eduard Suess, Prof. H. G. Seeley,

F.R.S., 601
Earth Currents and Changes in Solar Activity, on the Connec

tion between, Henry Crew, 557
Earth’s Crust, Foundation-Stones of the, Prof. T. G. Bonney, 

F.R.S., 89
Earth Tremors, British Association Report, 231
Earthquakes: F. Fouque on, 337; in Massachusetts, 16; at Digne, 

Sikkim, and California, 86 ; at Vyernyi, 86, 208, 327 ; Tash
kent, 209; in Drant Valley, 184; at Kars, 209; in Bosnia, 
231, 613 ; in Hampshire, 231 ; Calcutta, 231, 305 ; Earth
quake-Shock, December 26, 256; Ban-dai san, Japan, 
Vaughan Harley, 279; at Athens, 305, 591 ; in Sparta, 305; 
in South Norway, 305 ; the Late Severe Earthquakes in Nor
way, 418 ; at Honefos, Central Norway, 447 ; Switzerland, 
Midlothian, Scotland, 305 ; at Edinburgh, 324; Quettah, 
Turkestan, 327 ; in Italy, Prof. T. Taramelli and Dr. J. 
Agamennone, 329; in East Lancashire, 376 ; at Klagen
furt, 376 ; in Lancashire, T. R. H. Chinn, 390 ; at Naples 
and Pont de Beauvoisin, 396 ; Fleurier, Jura Mountains, 447 ; 
Kasina, Croatia, 467 ; Aquila, in the Abruzzi, 467 ; Eastern 
Pennsylvania, 467 ; Bologne, 495 : Aquila, 495, 518 ; Idstein, 
Auroff, and Gorsrod, near Wiesbaden, > Alhama, 
Granada, 518; in Japan and Sweden, 566; on the Intensity 
of Earthquakes, with Approximate Calculations of the 
Energy Involved, Prof. T. C. Mendenhall, 380

Earthworm of Gippsland, the Giant, Anatomy of Megascolides 
australis, 394 ; W. B. Spencer, 387 ; Prof. James W. H. 
Trail, 437

Earthworm, the Tail-Bristles of a West Indian, Frank E. 
Beddard, 15

East Sumatra, Mammals from, Dr. F. A. Jentink, 500 
Eastbourne College, School Laboratory at, 111
Echinoidea, the Porcupine, Prof. P. Martin Duncan, F.R.S., 

*75
Eclipses : Partial Lunar, January 16, 1889, 336 ; Total Solar 

Eclipse, of August 29, 1886, W. H. Pickering, 61 ; Total 
Solar, of January 1, 1889, 186, 249 ; Photographs of, 396 ; 
the Total Solar, of January I, J. Norman Lockyer, F.R.S., 
487 « .

Ecuador, the Natives of, 593
Edinburgh : Research Laboratory of the Royal College of Physi

cians, 68 ; Exhibition Surplus, Disposal of, 85 ; Royal Society 
of, 216, 287, 334, 383, 455, 527 ; Proceedings, 369 ; Edin
burgh University Matriculated Students, 231 ; the Earthquake 
M, 324

Edison’s Perfected Phonograph, 107
Edkins (Dr. Joseph), Star Names amongst the Ancient Chinese, 

309
Edridge-Green (F. W.), Memory, 244
Education : Debate on the Estimates, 58 ; the Great Modern 

Perversion of Education, Hon. Auberon Herbert, 102 ; 
Secondary Education, 135 ; Educational Annual, 232 ; a Bill 
for Technical Industrial Education, Prof. John Perry, F.R.S., 
284 ; Teaching of Chemistry, Robert Galloway, 339 ; Science 
and the Report of the Education Commission, 348 ; Technical 
Education, 565 ; Elementary Education, 612 ; Scientific Edu
cation in Scotland, 16 ; Technical Education in Dundee, 545 : 
Physical Education in France, 87 ; Education for Govern
ment Service in China, 420

Edwards (J.), Differential Calculus, 26
Edwards (W. H.), Which are the Highest Butterflies?, 611
Efflorescent Salts, D. Hooper, 495
Eggs, Spherical, Prof. W. Steadman Aldis, 581
Egypt, Laws and People in Ancient and Modern, Prof. 

Virchow, 155
Ehlers (Otto F.), Ascent of Kilimanjaro, 520
Eider in Iceland, 306
Eifel, Water Fauna of Volcanic, Dr. O. Zacharias, 112

Eissler (M.), the Metallurgy of Gold, Prof. W. C. Roberts- 
Austen, F.R.S., too

Ekstrand (Dr.), Naphtoe Acids, 456
Elastic Equilibrium of Arches forming Arcs of Circles, M. 

Riviere, 528
Elba, Phylloxera in, 157
Electricity : Electro-Calorimetry, Sydney Evershed, 9 ; Modern 

Views of Electricity, Prof. Oliver J. Lodge, F.R.S., 10, 319; 
Electric Light and Moths, 39 ; Deep Water Electric Light 
wanted for the Pearl Fisheries, 87 ; Elementary Principles of 
Electric Lighting, A. A. C. Swinton, 557 ; Calculation of 
Coefficient of Mutual Induction of Helix and Coaxal Circle, 
Prof. J. V. Jones, 118 ; Dispersion of Fog by Electricity, 
Soret, 159 ; the Proposed Use of Term “Therm” in Place 
of “Calorie,” 159; Ga-sner’s Dry Cell, 159; Von Oettin- 
gen’s Experiments on Oscillatory Discharges of Leyden Jars, 
■59 > Variation of Fusion-Resistance of Tin-Lead and Tin- 
Bismuth Alloys, C. L. Weber, 159 ; Electrical Notes, 159, 
308, 380, 520; Development of Electricity from Evaporation 
of Marine Water, Prof. Luigi Palmieri, 262 ; Propagation of 
the Electric Current on a Telegraph Line, M. Vaschy, 263 ; 
Electro dynamic Waves, Prof. Hertz, 288; Abuse of the 
Word Electricity, 308 ; Determination of the Ohm, F. Kohl- 
rausch, 308 ; Prof. Rowland's Classical Berlin Experiment, 
308 ; Lightning-Conductors, 308 ; Regulating Dynamos, 308; 
Prof. Langley and Perception of Colour, 308 ; Helmholtz 
and Electrified Steam, 308 ; Dr. Gore’s New Instru
ment of Research, 308; Resistance of Electrolytes and 
of Graphite, Prof. J. J. Thomson, 308 ; Amberism, 
308 ; Resistance of Cobalt in a Magnetic Field, 309 ; 
Electric Conductibility of Salts in Solution, < n the, M. Lucien 
Poincaire, 336 ; Observations Relative to M. Vaschy’s Recent 
Note on the Propagation of the Current in a Telegraph Line, 
M. L. Weiller, 336; a Relation between Magnetization and 
Speed in a Dynamo Machine, Dr. S. P. Thompson, 358 ; 
II. P. Brown and G. Westinghouse on Alternating and Con
tinuous Electrical Currents, 378; Sir William Thomson on 
Electrostatic Measurement, 380 ; the “ Alternative” Path in 
Discharging Leyden Jars, 380 ; the Discharge of a Leyden Jar, 
Prof. Oliver J. Lodge, F.R.S., 471 ; Alternative Path Leyden 
Jar Experiments, Prof. Oliver J. Lodge, F.R S., 486; Hall- 
wachs on the Connection between Light and Electricity, 380 ; 
Electric Oscillations, the Forces of, Treated according to 
Maxwell’s Theory, Dr. IL Hertz, Prof. Oliver J. Lodge, 
F.R.S., 402, 450, 547 ; Note on the Use of Geissler’s Tubes 
for Detecting, E. J. Dragoumis, 548; Electrolysis, the Phe
nomena of, Violle and Chassagny, 407 ; Electrical Stress, 
Prof. A. W. Riicker, F.R.S., 444 ; Electrotonic Variation 
in Nerve with Strong Polarizing Currents, Prof. Ruther
ford, Dr. G. N. Stewart, 455 ; Electro-chemical Measure
ment of the Intensity of Currents, M. A. Potier, 455 ; 
Drops of Mercury as Electrodes, M. Ostwald, 456; 
Electrostatic Measurement, Sir William Thomson, F.R.S., 
465 ; Electric Balloon Signalling, 466 ; Electro-magnetic 
Units, Dimensions of, Prof. Riicker and Prof. G. F. 
Fitzgerald, F.R.S.,502; Measurement of Electrical Resist
ance, Dr. J. W. Waghorne, 502 ; Electrical Measurement, 
Prof. W. E. Ayrton, F.R.S , and Prof. J. Perry, F.R.S., 502 ; 
Electric Battery, Right, 520 ;a “ Practical Man ” on Electrical 
Units, 529 ; the Initial Charge of Electrolysis, Piltschikoff, 
552 ; the Clark Cell, Uses of Electricity, Threlfall and Pollock, 
573 ; Magnetism and Electricity, Edward Aveling, 580

j Elementary Terms, on the, in the Co ordinates of a Planet, M. 
Hugo Gylden, 312, 335

| Elgar (F.), the Life of William Denny, Alex. Balmain Bruce, 
| 241

Elliptical Functions, Gustave Kobb, 528
I Ellis (John W.), Queen’s Jubilee Prize Essay of the Botanical 

Society of London, to
Elson(S. R.) : Cyclonesand Currents, 69; Waterspouts in the 

Hughli, 333
Elwes (Captain H. J.): Butterflies of the Eastern United States 

and Canada, 193 ; the Geographical Distribution of the Genus 
Erebia, 407

Embryology of Insects and Arachnids, Observations on the, Dr. 
Adam Todd Bruce, 509

Emin Pasha Relief Expedition, the, 543
' Emmons (S. F.), United States Geological Survey, 484
I Encyclopaedia Britannica, 169, 581 ; the Dinner, 155, 183



Encyclopedia, Chambers’s, 6, 557
Encyclopedic Dictionary, 410
Energy of the Light from Incandescent Lamps, Ernest Merritt, 

525
Engineers versus Professors and College Men, Prof. P. G. 

Tait, lot, 223; Prof. A. G. Greenhill, 175
Entomology: G. V. Hudson, on Moths in New Zealand, 39 ; 

Insect Pests of Valencia, 41 ; Entomological Society, 71, 190, 
4°7i 527, 599 I Anniversary Meeting, 311 ; Systematic Rela
tions of Platypsyllus as determined by the Larva, Prof. C. V. 
Riley, 94 ; Biologia Centrali-Ainericana—Zoology, Coleoptera, 
David Sharp, 147; Tree pests in United States, 157; the 
Coussinet, a New Organ attached to Sting of Hytnenoptera, 
G. Carlet, 192 ; Butterflies of the Eastern United States and 
Canada, with Special Reference to New England, Samuel H. 
Scudder, Captain IL J. Elwes, 193 ; Reports of the Director 
of the Colombo Museum on, 210 ; A. W. Scott’s Collection of 
Australian Lepidoptera, 377 ; Butterflies, Variation in, W. W. 
Smith, 397; the Geographical Distribution of the Genus 
Erebia, 407 ; Entomology for Beginners, Dr. A. S. Packard, 
459 ; Butterflies of the Eastern United States, Samuel H. 
Scudder, 468; Butterfly (Tirumala yetiveraua) from Mombaza, 
Eastern Africa, Jenner-Weir, 527 ; Strange Sound made by 
Moth (//alias /rasinan*), late II. J. Harding, 544 ; Butter
flies, which are the Highest?, Dr. Alfred R. Wallace, W. H. 
Edwards, 611

Envelopes in Nostocacex, Maurice Gomont, 569
Eocene Echinidie in Alicante, Spain, M. Cotteau, 239 
Equations, Hertz’s, Prof. Oliver J. Lodge F. R.S., 583 
Equations, Hertz’s, in the Field of a Rectilinear Vibrator, Rev.

H. W. Watson, 486, 558
Equatorial Waters, the Dark, Muntz and Marcano, 167
Erebia Genus, the Geographical Distribution of the, Captain 

Elwes, 407
Ergosterine, on, a New Immediate Principle of the Ergot (Spur) 

of Rye, by M. E. Tanret, 312
Erichsen (Dr. Hugo), Cremation of the Dead, 219
Ericsson (Captain John) : Death of, 466 ; his Sun-motor, 517
Ernst (Dr. A.): Seismic Disturbance at Venezuela, 341 ; the 

Formation of Ledges on Mountain-slopes and Hill-sides, Dr. 
A. Ernst, 415

Eruption at Vulcano Eland, Further Notes on the Late, Dr. II. 
J. Johnston-Lavis, 109, 173 ; at Kilauea, Hawaii, 281

Erysipelas and Lymphangitis, Identity of, Verneuil and Clado, 
623

Eskimo of Hudson’s Strait, the, F. F. Payne, 396
Etard (A.), Relations between Solubility and Fusion-Point, 359 
Ether, Electricity, and Ponderable Matter, Sir William Thom

son, 280
Etheridge (Robert), Fossils of the British Islands, 49
Ethers of the Camphols, New Neutral and Acid, M. A. Haller, 

' 479
Ethnographical Conditions of Macedonia and Old Servia, 

Spiridion GopCevic, 520
Ethnography of Mexico, Carl Breker, 232
Ethnology of the Rouergne, Durand de Gros, 70; Dr. H. 

Ten Kate on the Alleged Mongolian Affinities of the American 
Race, 87; the Shan States, Captain Yate, 113; Land and 
People in Ancient and Modern Egypt, Prof. Virchow, 155 ; 
Ethnology of the Indian Tribes of Guatemala, Dr. Otto Stoll, 
448

Euclid, H. S. Hall and F. H. Stephens, 26
Euclid, a Sequel to the First Six Books of the Elements of, J.

Casey, F.R.S., 148
Euclid's Elements for the Use of Schools, a Text-book of, H. S.

Hall and F. H. Stevens, 78
Eugeniacrinidae, the Basals of, F. A. Bather, 599
EuDthecia extensaria, Smerint/ius oeellatus, Syhiux ligustri, Lord 

Walsingham, 527
Everett (A. H.): the Philippine Tamarao, 150 ; Zoo-geographical 

Relationship of Palawan and Adjacent Islands, 623
Everett (Prof. J. D., F.R.S.), Rankine’s Investigation of Wave- 

Velocity, 31
Evershed (Sydney), Electro-Calorimetry, 9
Evolution : Divergent, John T. Gulick, 54 ; a Restatement of the 

Theory of Organic, Prof. Patrick Geddes, 287
Ewart (Prof. J. C.), Spawning of the Plaice, Pleuronectes 

flatcssa, 326; Cranial Nerves of Elasmobranch Fishes, 525
Ewing (J. A., F.R.S.), Magnetization of Iron and other Metals, 

165

Examinations, Assistant to the Beard of Trade, Captain D. 
Forbes, 411

Examinations in Elementary Geometry, 464
Exhibition Congresses, Dates of Paris, 613
Exhibition, Proposed Microscope Tercentenary, 544
Exner (Prof. Franz), Atmospheric Electricity in Ceylon, 517
Expedition, Proposed Antarctic, 399
Experimental Physics : the Velocity of Transmission through 

Sea-Water of Disturbances caused by Explosions, Threlfall 
and Adair, 572 ; the Use of Lissajous' Figures to Determine 
a Rate of Rotation, and Morse Receiver to Measure Periodic 
Time by Reed or Tuning-Fork, Prof. J. V. Jones, 573

Explosions: on the Influence of Light upon the Explosion of 
Nitrogen Iodide, Prof. J. W. Mallet, 22; New Chronograph 
for Measuring Explosions, F. J. Smith, 549; the Velocity of 
Transmission through Sea-Water by Disturbances caused by 
Explosions, Threlfall and Adair, 572

Eye, Fatigued, and Perception of Colours, 327

Factors of any Proposed Number, to Find the, Chas. J. Busk, 
413

Factors of Numbers, Lieut.-Colonel Allan Cunningham, 559
Farmer (J. B.), /socles lacuslris, 383
Farmer, the British, and his Competitors, W. E. Bear, 146
Farmer's Guide to Manuring, A. M. Pearson, Prof. John 

Wrightson, 212
Fauna, Freshwater, Proposed Zoological Station in Holstein 

for Observation of, Dr. O. Zacharias, 418
Fauna of Scandinavia, Dr. Kolthoff, 256
Fauna, Volcanic Water, Dr. O. Zacharias, 112
Favenc (Ernest), the History of Australian Exploration, 53
Faye on Constitution del’Fspace celeste, M. Hirn, 311
Faye and Barnard Comets, 42, 186; October 30, Drs. Lamp 

and Spitaler, 114
Faye’s Comet, Observations of, MM. Trepied, Rambaud, and 

Sy, 312
Fayrer (Sir J.), the Natural History and Epidemiology of 

Cholera, William R. Smith, 557
Featherstonhaugh (Dr. T.), Discovery of Aboriginal Remains in 

Florida, 378
Ferguson (Lieut. Harold), some Popular Errors about Snakes, 41 
Ferguson (J.), Review of the Planting and Agricultural In

dustries of Ceylon, 363
Ficus, the Species of, of the Indo-Malayan Archipelago, G. 

King, F.R.S., 246
Field, Natural History in the, Rev. W. Linton Wilson, 368 
Finding Factors, Prof. W. 11. II. Hudson, 510
Finsbury Technical College Lectures, 231
Fireball, Large, W. F. Denning, 606
Fischer (Prof. E.), Synthe-es of Glucine and Mannite, 351
Fish: Voracity of the Haddock, Dr. Chas. O. Trechmann, 9; 

Fish Poisoning, Prize offered for Discovery of Means of Pre
venting, 59; United States Fish Commission, 85; some 
Palteozoic Dipnoan, Anton Fritsch, 196 ; Fish in the Ponds 
of Florida, 208 ; the Incubation of Salmon Ova at Malvern 
Wells, 208; Proposed Acclimatization of the American 
Whitefish, 208 ; Use of Sucker-Fishes in Fishing, H. Ling 
Roth, 342 ; Regulation Act, Board of Trade Memorandum 
Relative to Sea Fisheries, 351 ; Fisheries Exhibition, St. 
Petersburg, 446

Fisher (W. W.), a Class-book of Elementary Chemistry, 78 
Fishery Board for Scotland, Sixth Annual Report of the, 498 
Fitzgerald (Prof. G. F., F.R.S.): Experiments Confirmatory of

Hertz’s Discoveries, 349 ; Dimensions of Electro magnetic 
Units, 502

Fixation of Nitrogen during the Process of Slow Oxidation, M. 
Berthelot, 528

Flahault (Ch.) and Ed. Bornet, a Revision of the Heterocyst 
Nostocaceae, 197

Flame, Sensitive, New Cheap, Fletcher, 614
Flammarion (M.), 7 Arietis, 456
Fletcher (H. M.), Salts in Saliva, 117
Fletcher (L.), the Renaissance of British Mineralogy, 115
Fletcher's New Cheap Sensitive Flame, 614
Flint Implements, Palaeolithic, Discovery of, Joseph Prestwich, 

F. R.S., 406
Flora of Christmas Island, W. B. Hemsley, 551
Flora and Fauna of the Peat Bogs of Scania, Herr G. Anders

son, 456



Flora of Medelpitd, Dr. I.. M. Neuman, 456
Flora of Moscow, S. Milutin, 477
Floral Structures, Origin of, Rev. George Henslow, 171
Floras of Various Divisions of Russia, 350
Florida: the Ponds of, and the Fi h therein, 208 ; Aboriginal 

Remains from, 378
Flowering Plants of Wilts, Rev. T. A. Preston, J. G. Baker, 

F.R.S., 123
Fluctuations in the Volume of the Sea, will they Account for 

Horizontal Marine Beds at High Levels?, T. Mellard Reade, 
582

Fluoride of Ethyl, M. II. Moissan, 239
Fluoride of Methyl, Gaseous, MM. Moissan and Meslans, 256 
Flying-Fish, Movements of, through the Air, Prof. Moebius, 479 
Fog, Dissipation by Electricity of, 159
Fogs, Damage to Plants by, 281
Fogs, Dr. W. Marcet, F.R.S., 311
Fogs in London, Smoke in Relation to, Hon. F. A. R. Russell, 

34; G. C. Thomson, 305 ; W. Hargreaves Raffles, 441
Fogs, the Recent, 184
Folie(M.), Diurnal Nutation, 311
Folk-Lore Journal, 496
Food Preservation, Sterilize^ Infusorial Earth, Prof. P. Waage, 

306 /
Forage Crops, the Best, Drs. Stebler and Schriiter, Prof. John 

Wrightson, 578
Forbes (Capt. D.), Assistant to the Board of Trade Examinations, 

4"
Force and Energy, a Theory of Dynamics, Grant Allen, 289 ; 

Mr. Grant Allen's Notions about, Prof. O. J. Lodge, F.R.S., 
289

1' orcrand (M. de) : Combination of the Glycol-alcoholate of Soda 
with Glycol, 263 ; the Glycol-Ether of Chloral, 552

Foreign Biological Memoirs, Translations of, 51
Forel (M. P. A.), Thermic Classification of Fresh-water Lakes, 

S28
Forestry, Caucasian School of, 18
Forestry in Maritime Alps, Consul Harris, 327
Forestry, Prof. Curtis, 261
Forestry, the School of, at Dehra Doon, India, 393, 419
Forests of British Bechuanaland, 591
Forests of Upper Burmah, 214
Formation of Ledges on Mountain-slopes and Hill-sides, Dr.

A. Ernst, 415
Formosa, Geo. Taylor, 593
Formula for Fusing Currents of Wire, A. Bernstein, 520
Formulae of the Chlorides of Aluminium and the Allied 

Metals, on the, Dr. Sydney Young, 198
Forth Railway Bridge, Progress of the, 418
Fortnightly Fevim, Sound in Battles, Lord Wolseley, 326
Fossati (Prof. Ercole), Thermic and Electric Properties of Iron 

subjected to Magnetic Influences, 477
Fossil Bones, Island of Samos, Forsyth Major, 263
Fossil Cephalopoda, Catalogue of the, in the British Museum, 530
Fossil Plants of the Coal-Measures, the, Prof. W. C. William

son, F.R.S., 57J
Fossil Plants, Teilia Quarry, Flintshire, R. Kidston, 334
Fossils of the British Islands, Stratigraphically and Zoologically 

Arranged, Robert Etheridge, 49
Fossils, Supposed, from the Southern Highlands, 300; Duke of 

Argyll, F.R.S., 317
Fouling of Steel and Iron Ships, the Corrosion and, Prof. V.

B. Lewes, 616
Foundation-Stones of the Earth’s Crust, Prof. T. G. Bonney, 

F.R.S., 89
Fouque (F.): Les Tremblcinents de Terre, 337, 510; Egyptian 

Blue, 432
Fourfold Periodical Expressions depending on Two Variables, 

M. E. Picard, 528
Fowler (A.), Variable Stars and the Constitution of the Sun, 

492, 606
Fowler (Dr. G. A.), Two New Types of Actinaria, 164
Fowler (Prof. T.), Bacon, R. W. Church, 3
Fragner (Dr.), Imperialine, a New Alkaloid, 185
F rance; Physical Education in, 87 ; French Meteorological 

Society, 156, 257, 396, 495, 544; Progress of Meteorology 
in, Renou, 396 ; the Meteorological Service in, A. L. Rotch, 
447 ; French Guiana, M. Maurel, 329 ; Note on the New 
Meridian of, 335; French Student Caps, 352 ; French 
Association for the Advancement of Science, 466 ; Rising of 

the Upper Rhone, M. Lemoine, 495 ; Meteorological Ob
servations of the French Polar Expedition, 591

Francis (Sidney), Tables for Farmers, &c., 257
Frankland (Prof. P. F.), Influences of Gases on Development 

of Micro-Organisms, 357
Franklin Institute, Prizes of, 85
Frazer (Prof. T. R.), Strophanthus hispuins, 455
Fream (Dr.), Herbage of Old Grass-land, 261
Freeman (G. A.), Can Animals Count?, 390
Frendenthal (Dr.), Presentation to, 230
Friendly Islands, Soundings near the, by Captain Aldrich, 39
Friendly Societies and their Funds, 332
Fritillaria intperialis, New Alkaloid from, Dr. Fragner, 185
Fritsch (Anton), some Palaiozoic Dipnoan Fishes, 196
Frost (P.), Solid Geometry, Solutions, 26
Frost and Snow, Microscopic Examination of Structure of, Dr.

Assmann, 599
Fur-Animals killed in Siberia, Stati-tics of, 59
Furneaux (William S.), Animal Physiology, 148
Fusion-Point, Relations between Solubility and, A. Etard, 359

Gad (Prof.), the Difference between the Conducting Power and 
Irritability of Nerves, 576

Gadolinium, Lecoq de Boisbaudran, 359
Gadow (Dr. H.): Morphology of Birds, 150, 177 ; Numbers 

and Phylogenetic Development of the Rcmiges of Birds, 239
Gaillard, the Menhirs of Morbihan, 405
Galileo and his Judges. F. R. Wegg-Prosser, 509
Galton (Francis, F.R.S.): Correlations and their Measurement, 

chiefly from Anthropometric Data, 238; Human Variety, 
296 ; Instrument for Testing the Delicacy of Perception of 
Differences of Tint, Instrument for telling Reaction Time, 
445 ; Natural Inheritance, 603

Galvanic Cells, Measurements, Dr. Wolff, 528
Game-keeper, a Pheasant attacking a, M. H. Maw, 150
Gamel (Herr), Nansen Expedition, 446
Gardner (J. Starkie), Origin of Coral Islands, 435
Garman (S.), Rattle of the Rattlesnake, 569
Gautier (A.): New Method of obtaining Carbon Oxysulphide, 

156 ; New Method of Producing Oxysulphide of Carbon, 167
Gay-Lussac, Proposed Statue, 494
Geddes (Prof. Patrick), a Re-statcment of the Theory of 

Organic Evolution, 287 •
Geissler’s Tubes, Note on the Use of, for Detecting Electrical 

Oscillations, E. J. Dragoumis, 548
General Equations of Fluid Motion, Prof. George M. Minchin, 

452
Geneva Society of Physics and Natural History, 496
Genevan Lake, Penetration of Daylight into the Waters of the, 

and into the Mediterranean, 343
Geodesy, Bibliography of, Prof. J. H. Gore, 327
Geography: Notes, 19,62,88, 115, 138, 159. 239, 283,307, 

328, 379, 399, 421, 450, 470, 497, 519, 568, 593; Physical 
Geography of Heligoland, Dr. 11. Lindemann, 19; German 
Explorers of Togoland, 159; Dr. Travesi’s Expeditions to 
Jimma, 159; Keeling Atoll or Cocos Islands, Dr. H. P. 
Guppy, 236; Geographische Jahrbuch, 259; Geographical 
Societies, 259; Geographical Serials, 259 ; Scottish Geo
graphical Magazine, 259 ; Maracaibo Peninsula and Lake, 
259 ; Mean Elevation of the Continents and Mean Oceanic 
Depths in Relation to Geographical Latitude, General Alexis 
de Tillo, 263 ; the Building of the British Isles, Prof. A. H. 
Green, F.R.S., 268; International Geographical Congress, 
307 ; French Geographical Society, 307 ; Mount Ararat, 
Eugene Markow, 307 ; the Gran Chaco, 328 ; Geographical 
Society of Toulouse, 329; Award of the Gold Medal of the 
Royal Swedish Geographical Society to Dr. Nansen, 376; 
Lectures on Geography, delivered before the University of 
Cambridge, during the Lent Term 1888, Lieut.-General 
Strachey, F. Grant Ogilvie, 388; Rev. W. Spotswood 
Green’s Exploration of the Glacier Regions of the Selkirk 
Range, British Columbia, 379 ; Captain Vangele’s Explora
tion of the Welle-Mobangi River, 421 ; Proposed Explora
tion by Mr. Stephens of Unknown Portions of Malayan 
Peninsula, 421 ; A. T. Drummond on Lake Superior, 
468 ; Geographical Society of Bremen, Dr. Kuckcnthal’s 
Arctic Journey, 517; Geographical Results of H. M. Stan
ley’s Expedition, 560 ; Harold W. Topham, Visit to 
Alaska Glaciers, 568 ; Formosa, Geo. Taylor, 593 ; M. W.



Delcommune’s Exploration of the Lomami, 59 J ; Petermann’s 
Mittheilungen, 593: the Natives of Ecuador, 593; Return 
of M, Rogozinski, 593; Heath of V. A. Malle-Brun, 593; 
a Class-book of Geography, C. B. Clarke, 605

Geology: Death of Prof. Dr. Theodor Kjerulf, 38; Superficial 
Geology of Central North-West Canada, J. B. Tyrrell, 95 ; 
the Permian Rocks of the Leicestershire Coal-field, II. T. 
Brown, 95 ; Geological Society, 95, 144, 191, 263. 406, 478, 
SSL 574, 599 ; Medals and Funds, 326; Annual Meeting, 
454 ; Geological Society of Stockholm, 327 ; Dr. Dawson’s 
Collection of Graptolites, 137 ; Geological Investigations in 
Nova Zembla, Nossilow’s, 137 ; Dislocations of Primitive 
Formations in North Central Plateau of France, L. de 
Launay, 192 ; N. Andrusoff on the Geological History of 
the Caspian Depression, 208; Record of the Excursions 
of the Geo’ogists' Association, 2to; on the Discovery 
of the Olenellus Fauna in the Lower Cambrian
Rocks of Britain, Prof. C. Lapworth, F.R.S., 212; 
Fruit of the Hornbeam, Clement Reid, 262 ; Trigonocrinus, 
F. A. Bather, 263 ; Ardueicyathus, Dr. J. G. Hinde, 263 ; 
Deposit of Fossil Bones in the Island of Samos. Forsyth 
Major, 263 ; the Artificial Reproduction of Volcanic Rocks, 
M. Alphonse Renard, LL.D., 271 ; tlje Petrology of the 
Igneous Rocks as-ociated with the Cambrian (Sedgwick) of 
Carnarvonshire, Alfred Harker, 286; Rocks and Soils, their 
Origin, Composition, and Characteristics, Horace Edward 
Stockbridge, 292 ; Rocks and Soils, Prof. John Wrightson, 292 ; 
Supposed Fossils from the Southern Highlands, 300; Duke 
of Argyll, F.R.S., 317; Economic Geology of Ireland, Mr. 
Kinahan, 305 ; Falls of Rock at Niagara, E. W. Claypole, 
367 ; Monazite as an Accessory Element in Rocks, O. A. 
Derby, 429 ; Origin of Coral Islands, J. Starkie Gardner, 
435 ; Nodular Feistones of the Lleyn Peninsula, Miss 
Catherine A. Raisin (communicated by Prof. T. G. Bonney), 
478 ; Cotteswold, Midford, and Yeovil Sands, and the Divi
sion between Lias and Oolite, S. S. Buckman, 478; United 
States Geological Survey, 484; Upper Carboniferous Glacial 
Period, Prof. W. J. Stephens, 496 ; Record of Excursions of 
the Geologists’ Association, T. V. Holmes, J18 ; Geology of 
Madagascar, Rev. R. Baron, 551 ; Societe Geologique de 
France, Proposed Meeting in Paris, 590; the Basals of 
Eugeniacrinidas, F. A. Bather, 599 ; Further Notes on the 
Geology of the Eastern Coast of China and the Adjacent 
Islands, 610

Geometry; Solid Geometry, Solutions, P. Frost, 26; Practical 
Solid Geometry, Major W Gordon Ross, 26; Association 
for the Improvement of Geometrical Teaching, 207, 304 ; 
Examinations in Elementary Geometry, 464 ; Geometrical 
Isomers, Monoxims of Benzil, Dr. Auwers and Prof. Victor 
Meyer, 518

Gcorgeson (Prof.), Koji, Yeast, 469
Georgia, the Kingdom of, Oliver Wardrop, 293
Gerard (Eric), New Registering Process, 262
Germany: German Government Grants to the Berlin Univer

sity and Natural History Museum, 350; German Expedition 
for Investigation of Atlantic Fauna, 417; Report on the 
Fores' Meteorological Stations of, 41

Germs, Prophetic, Prof. E. Ray Lankester, F.R.S., 7 
Gesellschaft Urania, 494
Geyler (Dr. H. T.), Death of, 565
Giant Earthworm, the, of Gippsland, Prof. James W. H. Trail, 

437
Giard (Prof.), 16
Gibson (R. J. Harvey), Text book of Elementary Biology, 482 
Gilbert (Dr.), Results of Experiments upon the Growth of

Potatoes at Rothainsted, 595
Giles (A. E.), Development of Fat Bodies in Dana temporaria, 

164
Ginnunga Gap and Davis Straits, 40
Girard (Aim<5), Cultivation of the Potato in France, 456, 551 
Girton College, Gamble Prize Medal, Award of, 210
Glacier and other Ice, on the Plasticity of, James C. McConnel, 

203
Glaciers of Greenland and Lapland, the. M. Rabot, 138
Glaciers of the Selkirk Range, Rev. W. Spotswood Green on, 

379
Gleanings in Science, Gerald Molloy, 534
Gletscher der Ostalpen, Die, Dr. Eduard Richter, Prof. T. G.

Bonney, F. R. S., 361
Glucine, Silicated Combinations of, Hautefeuille and Perrey, 96

Glucose and Mannite, the Syntheses of, Fischer and Tafel, 351
Godfroy (Bernard), New Method of improving Capacity of 

Long Telegraphic Lines, 96
Gold, the Metallurgy of, M. Eissler, Prof. W. C. Roberts- 

Austen, F.R.S., too
Gomont (Maurice), the Envelopes in Nostocacece, 569
Gonnessiat (M.), Errors affecting the Observations of Transits, 24
Goodwin (H. B.), Plane and Spherical Trigonometry, 26
Gopievid (Spiridion), Ethnographical Conditions of Macedonia 

and Old Servia, 520
Gore (Dr. George, F.R.S.), New Instrument of Research, 308
Gore (Prof. J. IL), Bibliography of Geodesy, 327
Goschen (Right Hon. G. J., F.R.S.), on University Colleges 

and Government Grants, 207
Gotch (Francis), Electromotive Changes in the Mammalian 

Spinal Cord following Electrical Excitation of the Cortex 
Cerebri, 500

Goursat (M. E.), Isogonal Transformations in Mechanics, 479
Gouy (M.), Transformations and Equilibrium in Thermo

dynamics, 504
Government Service in China, Education for, 420
Gowland (M. W.), Retirement and Notice of, 612
Grabfield (J. P.), Chemical Problems, 173
Grablovitz (Prof. G.), Seismologcal Observations in Italy, 330
Gran Chaco, the, Captain John Page, 328
Granites, Altaic, Dr. A. Bialoveski, 30
Grant (Colonel J. A.), Notes on Stanley’s Journey, 609
Graptolites, Dr. Dawson’s Collection of, 137
Gravity, I >r. Thiessen’s Experiments on, 288
Gravity, Variations of, in Hawaiian Islands, E. D. Preston, 70
Gray (Prof. Andrew): Mass and Inertia, 342 ; Weight and 

Mass, 437
Gray (Robert), Contents of the Stomachs of Hooded Seals, 

Cystophora aistata, 448
Gray (R. W.), Stomach of the Narwhal, 528
Greaves (J.), Elementary Statics, 26
Greely (Lieutenant A. W.), Report of the Proceedings of the 

United States Expedition to Lady Franklin Bay, Grinnell 
Land, 435

Greely (General), Average Velocities of Low-area Storms and 
Upper Air-Currents in the United States, 417

Green (A. G.), Isomeric Sulphonic Acids of 0-NaphthyIamine, 
166

Green (Prof. A. II., F.R.S.), British Tertiary Volcanoes, 131
Green (A. P.), Ritigala, Ceylon, 468
Green (Rev. W. Spotswood), Exploration of the Glacier Regions 

of the Selkirk Range, British Columbia, 379
Green Alga.-, New Genus of, Boodlea, Mr. Murray, 454
Greenhill (Prof. A. G., F.R.S.): Engineers versus Professors 

and College Men, 175; Weight and Mass, 390; Weight, 
Mass, and Force, 461

Greenland Exhibition, Paris, 350
Greenland Expedition, Dr. Nansen’s, 62, 88, 184, 395, 446
Greenland, the Glaciers of, Rabot and Rink, 138
Gresham College, Prof. E. Ray Lankester, F.R.S., I, 30; E. D.

Roberts, 29 ; Prof. W. N. Hartley, F.R.S., 54
Griffiths (Dr. A. B.): Liver of Carcinus mamas, 455 ; Treatise 

on Manures, 496 ; Micro organisms, 528
Grombchevski (Captain), Exploration of the Khanate of Kunjut, 

380
Gros (Durand de), Ethnology of Le Rovergne, 70
Gross (Dr. Victor), Paleontology in Switzerland, 164
Grouse, Sand, Pallas’s, Syrrhaptes paradoxus, Dr. A. B. 

Meyer, 9; John Cordeaux on, 40; T. Southwell, 137 ; in 
Ireland, Dr. Robert Scharff, 448

Growth of our Knowledge of the Nebulas, 353
Grucy (M.) : Theory of the Sextant, 455 ; Complete Rectification 

of the Sextant, 479
Gscheideln (R.), Death of, 517
Guatemala, the Land of the Quetzal, William T. Brigham, 

412
Guiana, French, M. Maurel, 329
Guiot (M.), Observations of Uranus and Neptune, 456
Gulick (John T.), Divergent Evolution, 54
Gunziger (M ), Thompson’s Disks, 456
Guppy (Dr. II. B.), Keeling Atoll or Cocos Islands, 236
Gutta percha Plant, a, Heckel and Schlagdenhauffen, 192
Gutta yielded by Bassia latifalia, on the Chemical Constitution 

and Industrial Value of the, MM. Ed. Heckel and Fr. 
Schlagdenhauffen, 312 •



Gylden (Prof. Hugo) : on the Elementary Terms in the Co
ordinates of a Planet, 312, 335 ; a Special Case of the Problem 
of Three Bodies, 456

Gyrostatic Model of a Medium Capable of Transmitting Waves 
of Transverse Vibration, Sir W. Thomson, 527

HaCaNa, Derivatives of, Prof. Krafft and Dr, von Hansen, 590
Haddock, Voracity of the, Dr. Chas. O. Trechmann, 9
Haddon (Prof. Alfred C.) : Safety of, 16; Zoological Notes 

from Torres Straits, 285 ; Investigations iu the Torres Straits, 
327

Harmatozoa, on the, Detected by M. Laveran in the Blood of 
the Inhabitants of Marshy Districts, M. Bouchard, 335

Haerdtl (Dr. von), Winnecke’s Periodical Comet, 378
Haileybury, Fauna and Flora of, 377
Hailstones, Alexander Johnstone, 148
Hall (H. S.) and S. R. Knight, Algebraical Exercises, 26
Hall (H. S.) and F. II. Stephens, Euclid, 26
Hall (II. S.) and F. II. Stevens, a Text-book of Euclid’s 

Elements for the Use of Schools, 78
Hall (Maxwell), on West Indian Cyclones, 40 ; Detonating 

Meteor, 368
Haller (M. A.), New Neutral and Acid Ethers of the Camphols, 

456, 479
Hallw aclis on Eight and Electricity, 380
Halo and Mock Suns, James C. McConnel, 557
Halo, Solar, Ewan McLennan, 341
Halos and Parhelic Circles, Artificial Reproduction of, M. A.

Cornu, 478
Hambly (F. J.), Vapour Density of Hydrogen Fluoride, 502
Hatnpe-Clausthal (Prof.), New Compound, Sodium Aluminious 

Fluoride, 306
Hanks (Henry G.), on the Occurrence of Hanksite in California, 

310
Hanksite, on the Occurrence of, in California, Henry G. Hanks, 

310
Hann (Dr. J.): Diurnal Range of Barometer, 517 ; Meteoro

logical Observations of the French Polar Expeditions, 591
Hansen (Dr. Loren), the Race of Lagoa Santa of Brazil, 500
Hansen (Dr, Von), Prof. Krafft and, Series of Derivatives of the

Unknown Tri-hydrocyanic Acid, 590
Harbour (E. IL), a Two-headed Tortoise, 23
Harding (C.), Cold Weather from September 1887 to October 

1888, 239
Harding (the late II. J.), Strange Sound made by Moth, 544
Hare: Muscles of the, M. L. Ranvier, 239; Hare, a, at Sea, 

W. J. Beaumont, 271; Hare, Murder of a, 209; Hnres 
taking to the Water, 209, 249, 306

Harker (Alfred), Sedgwick Triennial Prize, 286
Harley (Vaughan), Earthquake at Ban-dai-san, Japan, 279
Harmony and Meter, the Nature of, Moritz Hauptmann, Dr. W.

Pole, F.R.S., 97
Harrington (Prof. M. W.), Demonstration of the Deflection 

of Horizontal Motion due to the Earth’s Rotation, 447
Harris (Consul), Report on Agriculture of the Maritime Alps, 

327
Harrison (J. B.): and A. J. Jukes Browne, Tertiary Chalk in 

Barbados, 607 ; Origin of the Radiolarian Earth of Barbados, 
367

Harrison (W. Jerome), and A. H. Elliot, the International 
Annual of Anthony’s Photographic Bulletin, 317

Harting <J. E.), South American Bat (Noctilio lefwinus), 503
Hartley (Prof. W. N., F.R.S.): Gresham College, 54; the

Renaissance of British Mineralogy, 149 ; Note on the Action 
of Acids upon Ultramarine, 355 ; Limit of the Solar Spectrum, 
the Blue of the Sky, and the Fluorescence of Ozone, 474

Hartcg (Prof. Marcus M.), the Inheritance of Acquired Char
acters, 461

Harvard College, Museum of Comparative Zoology, Prof. A 
Agassiz, 595

Harz Mountains, Discovery of Stalactite Cave in, 112
Hasselberg (M. B.): Appointed Director of the Physical Institu

tion of the Academy, Stockholm, 464 ; Absorption Spectrum 
of Iodine, 518

Hauptmann (Moritz), the Nature of Harmony and Metre, Dr.
W. Pole, F.R.S., 97

Hautcfeuille (P.) and A. Perrey: Silicated Combinations of 
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GRESHAM COLLEGE.

M R. GOSCHEN speaking on behalf of the London 
Branch of the Lecture Society which was started

by Prof. James Stewart, of Cambridge, for the pur
pose of giving remunerative employment to some of 
the younger graduates of Oxford and Cambridge, and 
at the same time of affording instruction and amuse
ment of an intelligent character to such audiences 
as the larger manufacturing towns afford—has publicly 
urged the claim of the Society to enter upon Gresham’s 
heritage, and by the aid of the funds still in the hands of 
his trustees, and of such moneys as those trustees may 
think it incumbent upon them to restore to the Gresham 
trust, to carry out the purpose of that great founder, who, 
two hundred and fifty years ago, bequeathed property, now 
valued at several millions sterling, for the purpose of 
maintaining a College of Professors in London. There is 
no question as to what were the intentions of Gresham, nor 
as to the disgraceful nature of the transactions by which 
his trustees—the Corporation of London and the Mercers’ 
Company—a little more than one hundred years ago 
were enabled to seize the property of the trust, and, with 
the sanction of an Act of Parliament, to assign a mere 
fraction of it to the payment of half a dozen lecturers, 
whilst appropriating the bulk of it to their individual and 
corporate use.

It is beyond question that the existing representatives 
of the Corporation of London and the Mercers’ Company 
are ashamed of the neglect and spoliation of which their 
predecessors, in a corrupt age, were guilty. They would 
be glad to assign the money with which they at present 
pay so-called “ Gresham Professors,” and even a large 
additional sum, representing the misappropriated trust 
funds, to an institution more truly representing Gresham’s 
purpose than the lecture-room now existing at the back 
of Mercers’ Hall, in the heart of the City, could they 
be assured that any one of the various plans which 
have been from time to time urged upon them was really 
a wise and true method of carrying out that purpose.
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We venture to think that Mr. Goschen has merely 
added to the perplexity in which Gresham’s trustees find 
themselves by his ill-timed proposal that his Lecture 
Society should be supported by the funds disposed of by 
those trustees. The lectures given by this Society are, 
we feel assured, excellent in their way, and we do not 
doubt that they give a large amount of pleasure and of 
useful information to the persons who attend them. We 
are aware that the lectures are more serious in scope 
than the series of popular lectures frequently arranged by 
lecture associations, and consist of short courses, in 
which one teacher is able at some length to explain the 
outlines of his subject, instead of isolated lectures by 
numerous individuals on disconnected topics. It is only 
reasonable that any public or semi-public institution, 
having a lecture-theatre at its disposal, should encourage 
so excellent a Lecture Society as Mr. Goschen’s, by 
giving it the use of rooms from time to time. Thus the 
various Vestry Halls of London may be (and we believe 
have been) made use of. The London Institution in 
Finsbury Circus, University and King’s Colleges, and the 
University of London could easily lend a lecture-theatre 
from time to time to Mr. Goschen’s proUgis as they have 
to other similar Societies. And it is not unfitting that 
Gresham’s trustees should lend the little-used theatre of 
the Gresham Professors for the same purpose. When, 
however, Mr. Goschen and his friends take advantage of 
this hospitality to urge that not only should Gresham’s 
theatre be lent to them, but that Gresham’s money 
should be assigned to the support of their lecturers, it 
seems to us that an unwarrantable pretension is put for
ward, and one which is to be deprecated on very special 
grounds. Those grounds are as follows.

Gresham’s foundation was assigned by him to the sup
port of a body consisting of seven learned men, to whom 
he proposed to furnish, not a mere fee for a short course 
of lectures, but a life-provision—in fact, a residence, 
laboratories, and the means of research, as well as a 
stipend, at the highest rate at which such persons were 
paid three hundred years ago, as shown by the payments 
made to the Professors and College officials of Oxford 
and Cambridge. Gresham assigned his own palace and 
garden, situated where Old Broad Street at present runs,

u 



for the dwelling-place of the Professors of his College ; 
and here the first Gresham Professors did reside, and not 
merely give instruction to the citizens of London by 
means of lectures, but—what was far more important— 
carried on their studies and researches. Here the Royal 
Society met in its early days, and here, in fact, were the 
head-quarters of learning and science in London.

It is clear enough that what Gresham intended to 
found, and what actually was constituted by his trustees 
in the year 1596, was an institution similar to the Pro
fessorial Universities of Scotland and Germany of the 
present day. He distinctly founded seven Professorships— 
viz. of Physic, Law, Rhetoric, Geometry, Music, Astro
nomy, and Divinity—and ordered that the proceeds of the 
rents derived from the shops and houses around the 
Royal Exchange which were his property should be used 
in paying each of these Professors /50 a year—no small 
sum at that time, since the yearly value of Gresham 
House itself and the gardens attaching to it was, at the 
date of Lady Anne Gresham’s death, in 1596, estimated 
at only ^67 !

In view of these facts, it is idle to pretend that the 
Lecture Society has any similarity to the institution de
signed by Gresham. Whatever good Mr. Gosehen’s 
Lecture Society is doing, it is not doing the work which 
Gresham intended his College to perform, although Mr. 
Goschen tells us that he thinks that it is.

To subsidize a series of innumerable short courses of 
lectures by innumerable young men of small experience 
is a totally different thing from housing and providing 
for life seven chosen teachers—the best, the most 
skilled, the most original in discovery, the most masterly 
in discourse, worthy to represent science and learning in 
this great city of London.

By the former course you may diffuse a little knowledge 
amongst a grea t many people who will not themselves 
pay for the pleasure thus presented to them. This is Mr. 
Gosehen’s plan. By the second you hold before younger 
men a prize to stimulate their endeavours ; to the matured 
and chosen teacher you give the leisure and security 
necessary for research—that is, for the making of new 
knowledge; to the citizens of London you assure the 
presence in their midst, and the continual teaching, of the 
ablest discoverers and philosophers. That is Gresham’s 
plan.

It may be, and, indeed, has been, argued that it is 
impossible to carry out Gresham’s plan, and that the 
best thing to do with whatever can be got together of his 
trust funds is to administer it on the principle of 
and, accordingly, to let Mr. Gosehen’s Society have it.

To this we reply that Mr. Gosehen’s Society has no 
claim whatever upon this principle, since there are 
institutions in London—namely, University and King’s 
Colleges—which come near to realizing Gresham’s inten
tions, and if endowed by his funds would actually realize 
them, whilst Mr. Gosehen’s Society is as different from 
Gresham’s College as a pic nic is from a military expedi. 
tion. A very objectionable use is made of the word 
“ University ” in the endeavour to gain support for the 
Lecture Society. It is spoken of as a “Society for the 
Extension of University Teaching,” and more briefly as 
“ University Extension.” The implication is that the 
teaching is such as is given at Universities, and it is an 

' entirely false implication. The teaching given at Uni- 
versities depends for its character on two chief factors— 

! firstly, the selection and consequent ability of the teacher ; 
1 and secondly, the continuous and entire devotion of the 
1 student’s time to the training and instruction provided for 

him. In both these factors the Lecture Society differs 
toto calo from even the most eccentric University, and 
has no claim to employ that much misused term. Yet it 
is by taking advantage of the misconception created by 
its use in connection with the Lecture Society that a 
claim has been made for this Society both to take part in 
the organization of a new University of London and to 
benefit by Gresham’s trust, which it is rightly alleged was 
intended for the introduction into London of University 
teaching.

If the present representatives of Gresham’s trustees— 
the Corporation of London and the Mercers’ Company— 
would simply carry out the provisions of his will as 
nearly as possible— much as they were carried out in the 
year 1596—all would be well, and the contentions of rival 
claimants to a share of the pickings still to be got from 
the bones of Gresham College would be silenced.

The original Gresham College began well enough, and 
caused the greatest satisfaction to the citizens of London. 
The lectures were largely attended, the Professors were 

1 men of great distinction, and a long and useful career was 
I foreseen for the College. A similar institution—the CoL 
■ lege de France—was founded in Paris by the French 

King about the same time. The College de France 
exists to this day, and is one of the most effective and 
valuable institutions in the world for the production of 
new knowledge.

Our London College perished simply and solely through 
deliberate jobbery and corruption. The trustees pur
posely neglected their trust ; incompetent persons were 
appointed by them to the Professorships ; they themselves 

j stole the land round about Gresham House, and excused 
the Professors from lecturing in order to avoid prosecution 
by the Professors for arrears of salary. In the beginning 
of the eighteenth century Gresham College was an object 
of contempt and derision to the citizens of London. The 
trustees had ruthlessly and systematically plundered the 

j trust-funds and prostituted the Professorships,so that no 
one raised even a feeble protest when the work of perfidy 
was consummated, and Gresham House was pulled down, 
the site handed over to the Excise Office, and the worship
ful trustees were spared all responsibility as to their 
dealings with property worth some millions at the present 
day, in consideration of a payment of ^500 a year.

There are those who maintain that, were Gresham Col- 
j lege reconstituted at the present day, it would have the same 

fate. We are not disposed to believe this. It was, no 
doubt, a mistake on Gresham’s part to place such absolute 
confidence as he did in the Corporation of London and the 
Mercers’ Company. We have invented, since Gresham’s 
time, methods for keeping a check on erratic trustees; 
but what is of far greater importance is, that at the pre
sent time there is a real and earnest desire on the part of 
the great City Companies to do service to the State and 
honour to themselves by employing the funds in their 
possession for the good of the community. It is not 
improbable that—were a scheme for the establishment 
of a thoroughgoing Professorial University in London 



(similar in its aims and methods to Gresham’s College, and 
by no means similar to Mr. Goschen’s Lecture Society) 
forthcoming as the result of the deliberations of the 
Royal Commission now sitting to consider the question 
of the future University of London—the present repre
sentatives of Gresham’s trustees would be willing and 
anxious to redeem the past by endowing in that Univer
sity seven or more Gresham Professorships, with a sum 
representing in adequate degree the property long ago 
misappropriated by their predecessors. Sir Thomas 
Gresham, the greatest and most generous of merchants 
who ever desired to benefit the City where he lived and 
prospered, the man who, above all others, has been most 
shamefully betrayed by those whom he trusted and loaded 
with gifts, may yet be honoured and justly dealt with. 
It rests with the Corporation of London, and the Wor
shipful Company of Mercers, to give to the future Uni
versity of London, Gresham’s name and Gresham’s 
money. E. Ray Lankester.

BACON.
Bacon. By R. W. Church, Dean of St. Paul’s. (London: 

Macmillan and Co., 1888.)
rTHE handsome volume before us, which forms the 

* fifth volume of Dean Church’s collected works, is 
a reprint (with, apparently, few or no alterations) of the 
small book on “ Bacon,” which originally appeared in 
Mr. Morley’s series of “ English Men of Letters.” Like 
every literary composition which falls from the pen of its 
author, it is a model of candour in treatment, and of 
gracefulness in style. Other accounts of Bacon may be 
more profound, more detailed, or more appreciative, but 
certainly none is likely to be more interesting or attractive 
to the general reader.

The early chapters, constituting the larger portion of 
the book, are occupied with Bacon’s life, and therefore, 
by implication, with thc.nevcr-ceasing controversy about 
his character, conduct, and motives. On these topics, 
Dean Church’s judgment decidedly inclines to the side 
of severity; nor does he, as it seems to us, make sufficient 
allowance for the temptations to which Bacon was ex
posed, arising largely from his financial embarrassments, 
the peculiarly difficult positions in which, as in the case 
of Essex, he was sometimes placed, or the habits and 
circumstances, so different in many respects from our 
own, of the times and circles in which he lived. At the 
same time, the sentence, however decisive, is always 
delivered in kindly and gentle tones, as that of a judge 
who regrets, rather than denounces, the faults which he 
condemns. The judgments of Dean Church, even when 
we regard them as erroneous, always demand our atten
tion, and perhaps all the more so, because they are 
entirely free from the asperity and ferocity of tone 
which mark the utterances of some others of Bacon’s 
more recent critics.

But our business is not so much with the chapters on 
Bacon’s life and character as with the chapter on his 
philosophy. Here Dr. Church mainly follows the lead 
of M. de Rdmusat, and consequently his account, though 
reflective and suggestive, and often singularly felicitous 
in expression, appears to us to be wanting in the definite
ness and precision which are requisite in the estimate 

of a philosophical or logical system. He does not, for 
instance, bring out with sufficient emphasis the fact that 
Bacon was what in our own days we should call, not a 
philosopher, but a logician. His mission, as Bacon himself 
conceived it, was to bring about a thorough reform in the 
method of science, and through this new method to 
reconstitute, or, rather, to enable others to reconstitute, 
from their very foundations, the whole circle of the 
sciences—moral, mental, and political, as well as what 
are more strictly called natural. The inductive method 
was not conceived of by Bacon as antagonistic to the 
deductive method, but as its necessary antecedent and 
complement. Nor did he regard himself, nor would it 
be right to regard him, as the inventor of the inductive 
method, any more than Aristotle regarded himself, or it 
would be right to regard him, as the inventor of the 
deductive method. What both philosophers alike did, 
was to analyze, classify, and discriminate, with a view to 
distinguish between correct and incorrect reasoning, the 
methods of natural logic already in use. Only, while 
Aristotle performed this work effectively, and, consider
ing the time at which he taught, with marvellous elabor
ation, for the syllogistic logic, he did little more than 
point out the existence and necessity of induction. This 
want of rules and of a sufficient analysis of the inductive 
side of reasoning easily accounts for the utterly unscien
tific character of the inductions with which men ordinarily 
satisfied themselves throughout the Classical and Middle 
Ages. What really constituted the most distinctive 
feature in Bacon’s conception of a reformed logic was 
the profound idea that induction, instead of being the 
loose, vague, and uncertain process which was then in 
vogue, admitted of being presented with the force of 
demonstration, and thereby, if the facts on which it was 
founded were true, of supplying as firm a basis for the 
premises, as the premises, if they were true, supplied 
for the conclusion of the syllogism. “ Inductionem enim 
censemus earn esse demonstrandi formam, qua; sensuin 
tuetur et naturam premit et operibus imminet ac fere 
immiscetur” (“ Distributio Operis”). “ Verum ad hujus 
inductionis, sive demonstrationis, instructioncm bonam et 
legitimam quamphtrimaadhibenda sunt,qua: adhuc nulliu$ 
mortalium cogitationem subiere ; adeo ut in ea major sit 
consumenda opera, quam adhuc consumpta est in syllo- 
gismo” (“ Novum Organum,” Book I. Aph. 105). Thus 
it is hardly an exaggeration to say that inductive logic— 
that is, the systematic analysis and arrangement of 
inductive evidence, as distinct from the natural induction 
which all men practise—was almost as much the creation 
of Bacon as deductive logic was that of Aristotle. Dean 
Church rightly calls attention to the wide interval which 
separates Bacon’s “Tables of Instances” from the 
experimental methods of Mr. Mill ; but the latter are, after 
all, only a corrected version of the former, and, his
torically, were derived from them through the medium of 
Sir John Herschel’s discourse on “ The Study of Natural 
Philosophy.” Moreover, it is remarkable that the two 
divisions of the “ Instantite Solitariae,” described in 
“ Nov. Org.,” Book IL, Aph. 22, correspond respectively 
with Mill’s “ Methods of Agreement and Difference,” 
and that the very words “ method of agreement ” and 
“method of difference” all but occur in the text. For 
these and many similar reasons, we certainly cannot 



accept the verdict of Dean Church, that “ the course 
which he marked out so laboriously and so ingeniously 
for induction to follow was one which was found to be 
impracticable, and as barren of results as those deductive 
philosophies on which he lavished his scorn.” This 
remark may be approximately true of the method of 
rejections or exclusions, which proceeds on the false 
assumption that the whole complex system of the material 
universe may be resolved into a small and definite number 
of “ simple natures,” just as the numerous words which 
constitute a language may all be resolved into the few 
and assignable letters of an alphabet ; but it is most 
emphatically not true of the methods which are subsidiary 
to the method of exclusions, such as the “ Tables ” and 
“ Prerogatives of Instances.” The subsidiary methods 
have, happily, a value of their own quite independently 
of the main object which they were supposed to subserve. 
Nor, as it seems to us, can it be doubted that these 
methods have been actually fertile in the progress of 
scientific discovery. Not, perhaps, that the greatest 
discoverers have often consciously, deliberately, and 
designedly set to work to employ them ; but methods 
and principles of this kind, when once enunciated and 
realized, are, as it were, “ in the air,” and their influence 
is often no less potent because it is one of which men are 
only dimly conscious.

The process of fault-finding, especially as applied to a 
book which we have read with interest and pleasure, is 
not one which we would gladly prolong ; but, to prevent a 
very grave misconception of Bacon’s philosophical posi
tion, we feel it incumbent on us to point out a serious 
error into which Dean Church has been led by too im
plicit confidence in the authority of Mr. Ellis. “ Bacon’s 
conception of philosophy,” we are told, “ was so narrow 
as to exclude one of its greatest domains ; for, says Mr. 
Ellis, ‘ it cannot be denied that to Bacon all sound philo
sophy seemed to be included in what we now call the 
natural sciences.’” By “sound philosophy” is meant, it 
may be presumed, philosophy based on experience, and 
arrived at by the inductive method. In “ Nov. Org.,” 
Book I., Aph. 127, we have the question as to the range 
of the sciences to which the new method is applicable 
definitely propounded and definitely answered. “ Etiam 
dubitabit quispiam potius quam objiciet, utrum nos de 
Naturali tantum Philosophia, an etiam de scientiis 
reliquis, Logicis, Ethicis, Politicis, secundum viam 
nostram perficiendis loquamur. At nos certe de universis 
h®c qux dicta sunt intelligimus : atque quemadmodum 
vulgaris logica, qu® regit res per syllogismum, non tantum 
ad naturales, sed ad omnes scientias pertinct ; ita et 
nostra, qu® procedit per inductionem, omnia complecti- 
tur.” There are many other passages in the “Novum 
Organum,” the “ De Augmentis,” and elsewhere, to the 
same effect. Indeed, it appears to us unquestionable 
that Bacon, while he regarded his method as primarily, 
and, perhaps, most easily, applicable to the natural 
sciences, contemplated its ultimate extension to all 
branches of knowledge alike. The few passages which 
seem to point in the opposite direction are, doubtless, 
ironical, and refer, not to science, or knowledge in the 
true sense, at all, but to rhetoric and disputation.

The last chapter of the book is on Bacon as a writer. 
Here the author is thoroughly at home, and the striking 

and suggestive remarks which he makes on this topic 
only cause us to regret that there are not more of them. 
Take, for instance, the following just and forcible sen
tences on Bacon’s English composition :—“ His manner 
of writing depends, not on a style, or a studied or 
acquired habit, but on the nature of the task which he 
has in hand. Everywhere his matter is close to his 
words, and governs, dominates, informs his words. No 
one in England before had so much as he had the power 
to say what he wanted to say, and exactly as he wanted 
to say it. No one was so little at the mercy of conven
tional language or customary rhetoric, except when he 
persuaded himself that he had to submit to those 
necessities of flattery, which cost him at last so dear.”

T. Fowler.

KARYOKINES/S.
Ueber Kern- und Zelltheilung im Pflanzenreiche, nebst 

einem Anhang Uber Befruchtung. Von E. Strasburger, 
o. 6. Professor der Botanik an der Universitat Bonn. 
Mit drei lithographischen Tafeln. (Jena: Gustav 
Fischer, 1888).

PROF. STRASBURGER intends this volume to 
constitute only the first of a new series of con

tributions to our knowledge of vegetable histology. In 
these 258 pages the phenomena attending indirect or 
mitotic nuclear division, and the earlier stages in the 
formation of the cell-membrane, are entered on in detail. 
During the four years which have elapsed since the 
appearance of the author’s last contribution to this subject 
(“ Die Controversen,” &c.) numerous memoirs have been 
published relating to the nucleus and its division. Prof. 
Strasburger not only contributes a vast number of new 
facts, but also reviews the whole nuclear question in a 
masterly fashion, so that the work may be regarded as a 
critical text-book of our present knowledge of the subject. 
It will be seen from what follows, that, although many of 
his former conceptions have been confirmed, there still 
remain points which are doubtful, and some positions 
formerly held by him which are now abandoned.

The book commences with a long account of a renewed 
investigation of the nuclear processes in Spirogyra, the 
research in question being carried out on a new species, 
5. polytaniata, which presented many facilities for the 
purpose. This account is full of interest, but difficult to 
do justice to here, without figures. During the early stages 
of division, whilst the nuclear fibrils are making their way 

| to the equatorial plane and the nucleolus undergoing 
solution, but before the breaking down of the nuclear 
wail, a mass of cytoplasm is formed on the two faces of 
the nucleus which are directed towards the end-walls of 
the cell, and in these a striation becomes apparent, repre
senting the commencement of the spindle. Soon the 
nuclear wall becomes indistinct where the striation abuts 
upon it, and spindle-filaments appear within the nucleus ; 
these form an undoubted continuation of those which 
appeared outside. There would appear to be no ground 
for supposing these later-appearing filaments of the spindle 
to have an origin differing from those which appeared 
first of all, but rather they are their direct continuation, 
and due to the intrusion of cytoplasm into the nucleus.



It is the view of the author that in this, and in all other 
cases, the spindle has a cytoplasmic origin, and this is in 
agreement with his former tenets. The occurrence of an 
almost complete spindle within the nucleus in 5. nitida, 
before the break-down of the nuclear wall, is shown to be 
very probably due to the entrance of cytoplasm through 
a number of small pores ; since the wall, as seen in its 
polar aspect, shows a sieve-like dotting from which a 
perforation is inferred. -The event in X nitida differs 
thus only in degree from that in S.polytaniata. Through
out the whole process of division the nucleus is enclosed 
in a cytoplasmic mantle or pocket, which is suspended 
freely in the cell-lumen by delicate protoplasmic filaments. 
As the two halves of the nuclear plate separate, a cavity 
is formed—at first traversed by the uniting-filaments 
{Verbindungsfiiden)—which increases in size by a con
tinuous absorption of fluid through its wall, and is 
regarded by the author as a mechanism by means of 
which the two young daughter-nuclei are driven apart. 
For further details the reader is referred to the original, 
and to the figures on Plate I.

We pass on now to the typical events in the nucleus of 
higher plants. In the “resting nucleus” (used in the 
conventional sense only, in contradistinction to “ dividing 
nucleus ”) there exists a definite, limiting layer, the 
nuclear wall, which consists undoubtedly of cytoplasm. 
The nuclear reticulum consists of a number of fibrils so 
interwoven that it is difficult to say whether they have 
fused into a genuine network, or really retain their indi
viduality, and are simply in contact with one another. 
The author is distinctly of the opinion that the latter is 
the case, and that after a division the nuclear segments or 
fibrils remain separate, never losing their individuality. 
The probability of this view is greatly increased by the 
constancy in number of these fibrils as shown especially 
by investigation of division-stages of pollen-mother-cells 
in Liliaceae. The number of segments is very commonly 
sixteen, the relatively high number obtaining in developing 
endosperm-cells being due to the fusion of the two nuclei, 
which gave rise to the secondary nucleus of the embryo-sac. 
Thus, in the endosperm of Lilium Martagon, Guignard 
found twenty-four or more segments, though but twelve 
or sixteen in the daughter-nuclei of the primary embryo- 
sac nucleus. Although information on this head is 
limited, it has been shown that where a sudden con
siderable increase in the number of segments has been 
observed there has been a previous fusion of nuclei, as 
often occurs in the young endosperm cells of Corydalis 
pallida. A slight increase, however, may often be due to 
better nutrition. Absolute constancy in number of seg
ments is only met with in the case of generative nuclei, 
so far as investigation as \et shows.

Lying between the fibrils, and adhering to them, are one 
or two nucleoli. Bathing the fibrils and nucleoli is the 
nuclear sap, which at this period is not stainable. The 
fibrils consist of a non-staining substance, the nucleo- 
hyaloplasm, in which are embedded a number of irregular, 
strongly-staining granules, the chromatin-granules. The 
author prefers to speak of the nucleo-hyaloplasm, with 
Schwarz, as Linin. The name nucleo-microsomata for 
these chromatin-granules is here definitely abandoned, 
as there exists no true parallel between them and the 
microsomata of the cell-protoplasm. In the resting 

vegetable nucleus Prof. Strasburger finds no trace of the 
faintly staining “bridges” described by Flemming and 
Rabi as uniting the nuclear fibrils in the Salamander. 
When division is about to take place a shortening of the 
nuclear fibrils occurs, accompanied by a definite increase 
in thickness. The chromatin-granules at the same time 
run together into plates, separated from one another by 
linin (nucleo-hyaloplasm). These plates of chromatin 
grow at the expense of the linin. The fact, that this 
takes place in Fritillaria before the disappearance of 
the nucleoli, precludes the possibility that the chromatin 
grows at the expense of the nucleoli. It is probable that 
this equal distribution of substance in the nuclear fibrils 
insures completely similar products when the subsequent 
longitudinal fission takes place.

The dividing nucleus now enters on the “ skein-phase,” 
and the arrangement of the fibrils may be seen with dis
tinctness. At this period in many nuclei—as, for instance, 
in the young endosperm of Fritillaria imperialis—the 
separate segments lie, for the most part, parallel, each 
segment being loop-shaped with legs of approximately 
equal length. The points of bending converge on one 
side of the nucleus—its polar side ; the free ends terminate 
towards the antipolar side. The polar side of the nucleus 
would appear to bear a definite relation to the point of 
convergence of the daughter-segments of the previous 
division, and generally the line joining the polar and anti
polar sides will cut the nuclear plate at right angles. It 
is during this stage that the nucleoli disappear. Hitherto 
they have occupied an eccentric position, lying it would 
seem towards the polar side—this being the region least 
occupied by nuclear fibrils. As the niicleoli disappear, the 
nuclear sap becomes capable of staining, and the inference 
is that this is due to the presence in the sap of the dissolved 
nucleolar matter. The author regards it as improbable that 
the nucleoli go to nourish the nuclear fibrils. The structures 
to which ‘Prof. Strasburger formerly gave the name of 
paranucleoli, he now acknowledges to be simply nucleoli 
late in disappearing, so that all the theoretical deductions 
based on the appearance of those structures,by the author 
and others, fall to the ground.

The nuclear membrane now breaks down, the segments 
place themselves in the equatorial plane forming the 
nuclear plate, and the spindle makes its appearance. The 
author at great length details the evidence in favour of 
the cytoplasmic origin of this structure, but into this we 
cannct enter here. The poles of the spindle are determined 
before the solution of the nuclear wall, but they do not 
influence the nuclear fibrils in their transpositions before 
the breaking down of the wall. It must not, however, be 
concluded from this that the changes within the nucleus 
are entirely independent of the cytoplasm until the end of 
the skein-phase. The division of nuclei within the embryo- 
sac, which is almost simultaneous, would negative such a 
view. The cytoplasm does not exert any directive in
fluence on the fibrils until the breaking down of the wall. 
The fibrils now depend for support on the filaments of 
the spindle, and these are generally equal in number to 
the segments one to each, or, after the fission of the 
segments, one to each segment-pair. The completion of 
transposition and the separation of the segment halves are 
carried out under the influence of the spindle, a certain 
directive action of the poles being exerted ; the segments 



themselves are not passive, but possess a movement of 
their own held in control by polar influences.

For details relating to the complicated transpositions of 
the fibrils, their longitudinal fission, and subsequent sepa
ration, the reader is referred to Chapters VI1. and VI11.

The two groups of daughter-segments separate, the 
segments travelling along the filaments of the spindle. 
.Prof. Strasburger considers the hypothesis that the travel
ling is due to streaming of the protoplasm improbable, as 
this would involve the running of two opposite currents 
in each spindle-filament. Further, no streaming, either in 
or on the filaments, has been observed in the living, divid
ing nucleus. The fibrils themselves probably possess a 
capacity for movement, using the spindle-filaments only 
as supports. What stimulus the segments may receive 
from the poles is difficult to say—perhaps one similar to 
the chemical stimulus which causes directive movements 
in Bacteria, Plasmodia, &c. As the groups of daughter
segments move apart, the spindle-filaments, which are 
continuous from pole to pole, on the view of Strasburger, 
are seen stretching over the interval These constitute 
the primary uniting-filaments, and there is some diversity 
of opinion as to their origin. Soon, more cytoplasm makes 
its way into the equatorial region, and a great increase in 
the number of the filaments takes place. These additional, 
or secondary, uniting-filaments are formed from this in
trusive cytoplasm, and not by multiplication of the primary 
ones.

The nuclear sap, and dissolved nucleoli, lie between 
the uniting-filaments ; and even after the collection toge
ther of the daughter-segments to form the daughter-nuclei, 
there remains a considerable residuum of stainable nuclear 
sap which makes its way to the equatorial region of the , 
spindle and appears to play a most important part.

At this moment a small bead-like thickening appears 
on each uniting:filament—both primary and secondary- 
in the equatorial plane, and it is by the fusion of all these 
thickenings that the cell-plate or primitive cell-membrane 
arises. Throughout, Prof. Strasburger speaks of this 
occurrence with the greatest confidence, in opposition to 
the view of Zacharias and Flemming. These swellings 
which constitute the elements of the cell-plate, arc spoken 
of as dermatosomata, although the same word has been 
recently used by Weisner with another significance Fresh 
uniting-filaments continue to arise at the periphery of the 
young cell-plate, each bearing a local swelling (dermato- 
some}, and in this manner the cell-plate is completed.

In cases of free-cell-formation a temporary cell-plate ap
pears, but is not completed, and subsequently disappears.

It is at this stage that Prof. Strasburger attaches great 
importance to the part played by the stainable nuclear 
sap. As above mentioned, a portion of this has collected 
in the equatorial region, and everywhere bathes the 
dermatosomata. At the same time a demonstrable 
change takes place in their constitution ; the dermato
somata offer a greater resistance to such a reagent 
as eau-de-javelle, and show an increased refrangibility. 
In other words, the cell-plate has been converted into the 
first layer of the new cell-wall. These changes are traced 
to the stainable nuclear sap which is present. A direct 
proof of this is very difficult, but the hypothesis is a most 
taking one ; accounting, aS it does, for a number of 
phenomena which have long baffled explanation ; and it

possesses also the added charm of simplicity. The chief 
objection to this theory is the difficulty in imagining the 
continued presence of the nuclear sap in regions where 
the cell-wall is undergoing a thickening ; for will not the 
process of conversion throughout be identical, whether it 
be primary or secondary layers that are being formed ? 
Perhaps in a future contribution this will be explained ; 
but for the present this hypothesis must remain a hypo
thesis, and will—be it hoped—stimulate investigation 
into a matter on which more light is much needed.

As the daughter-nuclei are formed, a considerable 
portion of the nuclear sap is taken in, and lies, in the 
first instance, on the antipolar side of the nucleus, where in 
some few cases (embryo-sac of Hyacinthus orientalist the 
nucleoli appear, and the sap loses its staining property. 
In the majority of cases the nucleoli, as stated above, 
appear towards the polar side.

In a chapter dealing with the function of the nucleus 
the view is put forward that it has the same relation to 
starch-formation as very probably exists between it and 
the development of cell-membrane. The fact that Klebs 
found, in plasmolyzed filaments of Spirogyra, a formation 
of starch occurring in masses of protoplasm destitute of 
a nucleus, Prof. Strasburger considers due to the fact 
that the pyrenoids physiologically replace the nucleus in 
this connection. This finds support in the fact that in 
plasmolyzed cells of Funaria the chlorophyll-corpuscles in 
fragments of cells without a nucleus are unable to form 
starch.

The book concludes with a chapter on fertilization, in 
which controversial matters are discussed. The author 
adheres to his former view that in higher plants fertilization 
consists of the fusion of an equal number of nuclear 
segments, as also of the nuclear sap of the two conjugat
ing nuclei. He finds no evidence for the view of 
Zacharias that the male and female nuclei differ 
essentially in any way.

It is impossible here to do full justice to this remarkable 
book, and there are many matters traversed in it to which 
we have not even alluded. Thus, the detailed comparison 
drawn between the vegetable and the animal nucleus. It 
seems that the differences in this respect occurring be
tween lower and higher plants find their parallel in com
parable differences in more lowly and more highly 
organized animals.

A careful perusal of the original will repay the labour 
so expended, and the style and arrangement of the subject
matter are such as to make us unwillingly lay it aside. 
Perhaps some idea of the pace at which knowledge in 
minute cell-histology has progressed may be obtained 
when we remember that only seventeen years ago a 
botanist, who now stands in the foremost rank of plant
histologists, was prepared to maintain as a thesis, and to 
dispute with all comers, “that in the vegetable kingdom 
nuclear division does not occur.'’ F. W. O.

OUR BOOK SHELF.
Chambers's Encyclopaedia ; a Dictionary of Useful 

Knowledge. New Edition. Vol. II. (London and 
Edinburgh : W. and R. Chambers, 1888.)

The second volume of the new edition of “Chambers’s 
Encyclopaedia,” which extends from “ Beaugency ” to 
“ Cataract,” maintains the high standard set by the 



first volume. The names of the writers are a 
guarantee for the excellence of the work; and, 
where not wholly rewritten, the articles have been 
revised and brought up to date. Mr. J. Arthur 
Thomson is responsible for the zoological articles, which 
in this volume arc Bee (in which Sir John Lubbock has 
assisted), Bird, and Butterfly; Mr. Patrick Geddes is the 
writer of the articles on Biology, Botany, Bud ; Dr. \V. 
Inglis Clark writes on Carbon, Prof. James Gcikie on 
the Carboniferous System, Prof. Wm. Thomson on 
Capillarity, and Mr. A. Fraser on the Calculus. The articles 
on engineering and architectural subjects are contributed 
by Messrs. D. and T. Stevenson, D. K. Clark, and David 
MacGibbon. In geography, Sir Charles Warren writes on 
Bcchuanaland, Sir Charles Bernard on Burmah, Mr. S. 
Lane-Poole on Cairo, Mr. Macdonald, of the Englishman, 
on Calcutta, Prince Kropotkine on the Caspian Sea. 
Amongst other geographical articles arc those on Belfast 
by Mr. T. Macknight, Birmingham by Mr. S. Barnes, 
Bolivia by Mr. W. Dundus Walker, Bristol by the Rev. 
W. Hunt, Brittany by Mr. Thos. Davidson, Bulgaria by 
Mr. A. Silva White, Cambridge by Mr. G. H. Smith, 
Canada by Mr. J. G. Colmer, C. M .G., Cape Colony by the 
Rev. J. Mackenzie, and Cashmere by Major Iloldich. Five 
excellent maps accompany this volume—namely, (1) 
Belgium ; (2) Burmah, Siam, and Assam ; (3) Canada, 
Eastern Provinces; (4) Canada, Dominion of; (5) Cape 
Colony and South Africa. The less important articles are 
also very satisfactory. For those who desire further 
information on the various subjects a list of authorities 
is given. Many of the articles arc models of compres
sion. The article on Carlyle is an instance of this. Here 
the large and growing literature relating to Carlyle, pub
lished since his death, is comptessed into the space 
available in a manner that is little short of amazing. In 
this and one or two articles which we have noticed, the 
very difficult art of saying much in a little space, of 
reducing volumes to paragraphs, and even to lines, is 
exhibited in a high degree of excellence.
Star Allas, containing Maps of all Stars from 1 to 6'5 

Magnitude between the North Pole and 34 South De
clination, and all Ntbula and Star-clusters in the same 
Region, which arc visible in Telescopes of moderate 
powers, with Explanatory Text. By Dr. Hermann J. 
Klein. Translated and adapted for English readers by 
Edmund M’Clure, M.A., M.R.I.A. (London: Society 
for Promoting Christian Knowledge, 1888.)

This is a most important addition to the stock-in trade 
of the amateur astronomer. The eighteen maps, printed 
by Funke, of Leipzig, are as clear as they can be, the 
letters and constellation boundaries being given in red ink.

There are some useful tables given in the introduction, 
and these are followed by a catalogue of the most interest
ing objects, which seem to have been very carefully 
chosen by a practical astronomer, and the editor has 
done his best to bring the accompanying notes down to 
the latest date.

In addition to the maps, some excellent illustrations of 
clusters and nebula: are given, and no pains have been 
spared to give as much useful and trustworthy information 
as possible.

LETTERS TO THE EDITOR.
\The Editor does not hold himself responsible for opinions 

expressed by his correspondents. Neither can he under
take to return, or to correspond with the writers of, 
rejected manuscripts intended for this or any other part 
of Nature. No notice is taken of anonymous communi
cations.}

Alpine Haze.
For some years past, occurrences in the Alpine atmosphere 

have frequently reminded me of effects produced in the “experi
mental tubes’’with Which I worked some years ago. When 

the experimental tube was already occupied by a fine “aclinic 
cloud,” it was a common experiment to precipitate within the 
tube an ordinary cloud by dilatation. The melting away of this 
latter, and the reappearance of the finer and more persistent 
cloud, which it had for a short time disguised, were curious and 
instructive effects.

In the valleys of the Alps floats, not unfrequently, a fine haze, 
much resembling the actinic clouds. This year the haze was 
more than usually prevalent, being sometimes very curiously 
distributed. It frequently filled the great Rhone Basin, below 
Alp Lusgen. Amid the haze, patches of true cloud would 
appear, extending till they became continuous, and filled the 
basin. A floor of cloud, usually shining white, would then 
spread below us. Under a strong sun, the cloud would dis
appear, leaving the more permanent haze behind. The haze 
could not have been aqueous. I have seen the dense true 
cloud disappear early in the morning, and the haze con
tinue through a fervid summer day. until the moon came 
out at night to illuminate it. The distribution of the 
haze this year, and the consequent precipitationj were 
often remarkable. Looked at from our eminence, the haze 
would be seen filling the lower valley, but divided above into 
long horizontal stria:, which were obviously the edges of haze
layers, foreshortened from our point of view. Mr. Stirling’s 
beautiful ohservati8ns were frequently brought to mind by the 
obvious tendency of the aqueous clouds to form in, and to follow, 
the haze. A highly picturesque distribution of the clouds was 
often thus produced. What the haze is I do not, for a certainty, 
know ; but that it is not water is proved by its persistence in 
presence of a powerful sun, and above the heated earth-surface. 

■The late Prof. De la Rive would probably have referred it to 
floating germs (see letter to myself “On the Organic Dust of 
the Air,” Phil. Mag., 1870, vol. xxxix. p. 229). The prevalence 
of autumn pollen in the air may, perhaps, account for the 
singularly striking cloud effects invariably observed nt Alp 
Lusgen, at the end of September and the beginning of October.

John Tyndall.
Hind Head, Haslemere, October 30.

Prophetic Germs.
My desire in this controversy has been to bring the Duke of 

Argyll’s theory to the test of fact. But I cannot obtain from 
him any statement of fact which tends to support his belief in 
prophetic germs. He cites the well-known observation that in 
the growth of the individual from the egg, organs pass through 
rudimentary stages, during which they are not used He then 
says: “On the Darwinian hypothesis this fact applies equally 
to the birth of species.” Doesit? It is not worth while posing 
opinion against opinion. Let us have some facts. Can the 
Duke of Argyll, or anyone else, adduce an observation of fact 
which necessarily leads to the conclusion that a given organ in 
a given animal or plant has passed through rudimentary stages 
in ancestral evolution in which that organ's rudiment had no 
use ?

I am inclined to think that there are some cases which might 
appear to be of this nature, but arc to be explained as due to 
“ concomitant variation ” or “ correlation of growth ” in a com
plex highly-elaborated organism, one part developing, though 
without use, as the necessary mechanical or structural condition 
of the development of another part which has use.

Such cases will not serve the purpose of establishing a general 
law. Will the Duke undertake to tell us what were the rudi
mentary stages of the limbs of Vertebrata in which actual use 
was impossible ? Will he give a similar history of the vertebral 
column, or of the brain and spinal cord, or of the eye? In 
short, are there any facts in support of the theory of prophetic 
germs? Unless such facts are cited, your readers will conclude 
that the theory of prophetic germs is devoid of basis.

E. Ray Lankester.
45 Grove End Road, N.W., October 26.

Mr. Romanes’s Paradox.
I should be sorry to have misrepresented the views of Mr. 

Romanes, especially on so formal an occasion as a Presidential 
address at a meeting of the British Association. But, if I have 
done so, I must plead in extenuation that I know of no recent 
writer whose papers I find so difficult to thoroughly comprehend. 
With an appearance of lucidity there seems to me to be often an 



underlying obscurity of ideas by which I find myself as often 
completely befogged.

It appears to me that it is sometimes overlooked that what is 
usually called the “ Darwinian theory ” is set out in a book 
which bears as its title the words, not, as they are usually quoted, 
“The Origin of Species,” but “The Origin of Species by 
Natural Selection.” These words I regard as a proposition of 
which the book itself affords what is intended to be the proof. 
It seemed to me that Mr. Romanes intended to distinctly 
traverse this proposition, and, this being so, the careful considera
tion of his views became a matter of very great importance. Mr. 
Romanes now denies that he intended anything of the kind. 
But the denial comes rather late in the day, because the impres
sion which I received from his paper at the Linnean Society was 
certainly shared at the time by others. For example, though it 
is unusual for a purely scientific paper to receive an extended 
notice in large print in the Times, Mr. Romanes was so 
favoured, and here is what the Times (August 16, 1886) says on 
one of the points on which Mr. Romanes complains that I have 
misrepresented him :—

“ The position which Mr. Romanes takes up is the result of 
his perception, shared by many evolutionists, that the theory of 
natural selection is not really a theory of the origin of species, 
but rather a theory of the origin and cumulative development of 
adaptations.” Now, I suppose Mr. Romanes would call this an 
“ absurd misrepresentation.” If so, it is singular that, as far as 
I remember, he took no steps to correct the statement of his 
views to which the Times gave its wide circulation.

But is it a misrepresentation ? It is not, I think, difficult to 
cite a good deal of evidence that it is not. Anyone who will 
take the trouble to refer to the Journal of the Linnean Society, 
Zoology, vol. xix. p. 345, will find printed in capital letters 
across a page of Mr. Romanes’s paper, “ Natural Selection not 
a Theory of the Origin of Species.” Now, everybody knows 
that the idea of the evolution of organic nature existed in men’s 
minds long before Mr. Darwin. He did not originate it ; what 
he did originate was the theory that "natural selection” is 
the mechanical means by which that evolution has been brought 
about. Mr. Romanes says roundly that it is not, or words have 
ceased to have meaning. Well, coming from “the biological 
investigator upon whom,” the Times tells us, “in England, the 
mantle of Mr. Darwin has most conspicuously descended,” I 
thought that a "startling paradox,” and I said so. There was 
nothing very novel in this : it only put into other words what 
Mr. Wallace had already said (Nature, vol. xxxiv. p. 467), 
when he took exception to Mr, Romanes’s “ extraordinary state
ment that, during his whole life, Darwin was mistaken in suppos
ing his theory to be ‘a theory of the origin of species,' and that 
all Darwinians who have believed it to be so have blindly fallen 
into the same error.”

The next point on which Mr. Romanes complains is that 
I make him say specific differences are not adaptive, while those 
of genera are. And he calls this an absurd misrepresentation ! 
It is really too comical, because it is the key of his whole 
strategic position. When Mr. Romanes read his paper at the 
Linnean Society, he began by saying that he regarded it as the 
most important work of his life. And the expression would 
certainly not have been exaggerated if he had succeeded in 
establishing what he terms (capitalsagain) the “inutility,” i.e. 
non-adaptiveness, “ of specific characters.” Even Mr. Romanes 
could not assert that all specific characters are non-adaptive. 
But he asserts (Nature, i.e , p. 314) that "a very large pro
portion, if not the majority, of features which serve to distinguish 
species from species are features presenting no utilitarian signi
ficance." If this could be proved, it would be quite as effective 
as proving the proposition universally in inflicting a deadly blow 
on the Darwinian theory, the very essence of which is that 
specific differences must be advantageous. I agree with Mr. 
Wallace (Nature, i.e., p. 467) “that there is no proof 
worthy of the name that specific characters are frequently 
useless.”

I am of course prepared to admit that, in regard to plants, 
about which onl) 1 feel competent to speak, there are a vast 
number of specific differences the adaptive significance of which 
we are either wholly ignorant of, or, at any rate, very im
perfectly understand. But Mr. Darwin has himself led the way in 
a host of discoveries which have shown in innumerable directions, 
which had never been previously suspected, the adaptive signi
ficance of plant structures. We seem to me justified, then, in 
drawing the conclusion that all specific differences in plants are 

probably adaptive. This Mr. Romanes calls reasoning in a 
circle ; to me it seems only a reasonable induction, the validity 
of which is strengthened every day by fresh observation.

As to the distinction which Mr. Romanes draws between 
specific and generic differences, I only summed up what he 
repeats again and again. Here is a specimen :—“ It is compa
ratively seldom that we encounter any difficulty in perceiving the 
utilitarian significance of generic and family distinctions, while 
we still more rarely encounter any such difficulty in the case of 
ordinal and class distinctions. Why, then, should we encounter 
this difficulty in the case of specific distinctions ? ” In my 
opinion the actual state of things is exactly the reverse. But, as 
I discussed this point at some length in my Bath address, I need 
not touch upon it further.

I do not undertake to follow Mr. Romanes into all his 
dialectical subtleties. But the position which I understood 
him to have taken up in his paper was quite intelligible, and 
was of very great interest to the biologist. I briefly analyze it 
as follows :—Mr. Darwin explained the origin of species by 
natural selection ; this implies that specific differences are 
adaptive ; but this is not universally the case ; it follows, then, 
that natural selection is not the explanation of the origin of 
species except when specific differences are adaptive, which, in 
point of fact, they are not in the majority of cases. It is clear 
that this shrivels up the part played by natural selection to very 
small dimensions, and minimises pretty effectively in proportion 
the position of the Darwinian theory in the field of biological 
speculation. The force, however, of the whole train of argument 
obviously depends, as I have remarked before, on the proof 
which can be given of the proposition that the majority of specific 
differences are non-adaptive. When we turn to the part of Mr. 
Romanes’s paper dealing with this vital point, we only find some 
not very convincing assertions—someof which I think are erroneous 
—and no facts whatever. This is, however, not very surprising. 
Mr. Romanes is not a practised naturalist. His method is the 
very inverse of that of Mr. Darwin. We know that the latter 
for more than twenty rears patiently accumulated facts, and then 
only reluctantly gave his conclusions to the world. Mr. Romanes, 
on the other hand, frames a theory which looks pretty enough 
on paper, and then, but not till then, looks about for facts to 
support it.

In my view, one is not called upon to give much attention at 
present to physiological selection. Still, a word or two may be 
devoted to it. The Times took an exception to the phrase of 
which I am surprised that Mr. Romanes has taken so far no 
notice. It says :—“ How his theory can properly he termed one 
of selection he fails to make clear. If correct, it is a law or 
principle of operation rather than a process of selection.” In 
point of fact, what Mr. Romanes calls physiological selection 
may be more accurately described as reproductive isolation. He 
supposes that individuals of a particular species arise which from 
some cause or other are incapable of breeding with other con
specific individuals. They are therefore in one aspect isolated, 
as if they were on an oceanic island. This being so, any casual 
variations which they exhibit will be perpetuated, he thinks, 
whether adaptive or not. And in this way he also thinks 
that species distinguished by non-adaptive characters have arisen. 
The idea is interesting, and Mr. Romanes believes that Mr. 
Darwin would have welcomed it. We know, however, that it 
occurred twelve years earlier to Mr. Belt, that Mr. Darwin was 
acquainted with it, and that “he did not regard it with any great 
favour.” I myself have carefully considered it in connection 
with a variety of facts, and I have arrived at the conclusion that 
it is not a principle of very much value. It would take too long 
to set out the grounds for that conclusion here. But I may point 
out that such an isolated race would get no immunity from the 
general struggle forexistence, while it would lose all the advantages 
to be obtained from free intercrossing. I am disposed to agree, 
then, with Mr. Wallace that, far from such races being “unable 
to escape the preserving agency of physiological selection,” they 
would be very short-lived. Before leaving the subject, I cannot 
but remark on Mr. Romanes’s singular choice of an alternative 
name for physiological selection—the “segregation of the fit.” 
Segregation, I agree, is an improvement ; but “ fit ” lets in the 
whole train of adaptive ideas, while Mr. Romanes insists that 
“the variations on the occurrence of which it [physiological 
selection] depends are variations of an unuseful kind."

One remark, and I shall conclude all that I propose to say 
about Mr. Romanes and his theory. What I introduced into 
my Bath address 1 had I.ad long before in my mind. While 1 



was writing it, Prof. Huxley’s obituary notice of Mr. Darwin came 
into my hands. I read it with the keenest pleasure, as everyone | 
must; and I pointedly referred to it with a pardonable anxiety 
that a piece of work .perhaps one of the most remarkable that 
ever came from that admirable literary workshop should attract 
a wider attention than from its mode of publication it might 
possibly receive. Personally, with regard to indifferent varia
tions, I am a little disposed to think that Mr. Huxley is inclined 
to make too great concessions. I quite admit that correlated 
variation does give rise to a large class of non-significant 
characters. But I feel more and more that natural I 
selection is a very hard taskmaster, and that it is down very 
sharply on structural details that cannot give an account of 
themselves. I doubt if there is much room in Nature for in- I 
different variations ; and even correlated variations must be ' 
anchored, as it were, to an adaptive variation which has to bear I 
the brunt of the maintenance of the whole correlated train.

W. T. Thiselton Dyer.
Royal Gardens, Kew, October 26.

Electro-Calorimetry.
In a paper read at the British Association meeting at Bath, 

Messrs. Stroud and Haldane Gee describe the method used by 
them for heating the liquids under experiment. Will you allow 
me to point out that the series arrangement of the coils is elec
trically in unstable equilibrium, since any difference of tempera
ture between the baths causes less power to be spent in the | 
cooler one, thus tending to increase the difference. With the [ 
coils in parallel less power is spent in the hotter bath, but the 
method is still imperfect from the want of equality of heating at 
different temperatures.

Coils may, however, be so arranged as to completely overcome 
these defects in an otherwise very simple and convenient appara
tus. In the figure let A and B represent the two baths and the
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coils therein, each bath being heated partly by a series coil 
of r„, partly by a parallel coil of R„. All four coils should be 
made of the same metal.

The necessary relation between R and r to secure eijual heating 
, r ■ , ... d watts in A d watts tn B .may be found by writing = .where

’ ' dv de
6 is the difference of temperature between the baths. When 
worked out this gives R = 4r ; a result which is obviously true 
provided the coils have only a small temperature coefficient.

Sydney Evershed.
2 Victoria Mansions, S.W., October 10.

The“Tamarao” from Mindoro (Philippine Islands).
I have only just seen, in Nature of August 16 (p. 363), Dr. 

Sclater’s communication of Prof. Steere’s letter concerning the 
discovery of a new species of Anoa (A. mindorensis) in the 
Island of Mindoro. I beg to say that I forwarded a note on this 
imperfectly-known animal, whose native name is Tamarao (not 
“ Tamaron," as far as 1 know), to the Zoological Society of 
London, and the note was printed in the Proceedings of the 
Society for 1878, pp. 881-82, under the title, “ Letter concerning 
the supposed existence of the Anoa (Anoa depression nit) in the 
Philippines.” Since then, Dr. Hoffmann, formerly Assistant at the 
Royal Zoological Museum of Dresden, has published the results 
of his investigations on a skull of the Tamarao, which has 
belonged to the Dresden Museum since 1878, and which was 
brought by Prof. Semper from his travels in the Philippines 
(see Abhandl. und Berichte d. k. Zool. und A nt hr. Elhnogr.

Museums zu Dresden, 1886-87, No. 3, p. 26 el sap, Plate 6, <;-/). 
He proves, by a comparison of this skull with the skull of Anoa 
from Celebes, and with buffalo skulls from the Philippines and 
elsewhere, that this Tamarao has nothing to do with the genus 
Anoa, but is a true buffalo, viz. either Hubalus indicus, Riit., or 
an undescribed variety of this species, or, perhaps, a new species 
of Bubalus. Between these alternatives we were unable to decide 
from the single skull in our hands, which, besides, is not that of a 
full-grown animal. If Prof. Steere be right in asserting that 
there exists a true Anoa in Mindoro, I can only conclude that 
the skull brought by Prof. Semper as that of the Tamarao of 
Mindoro, is not the true Tamarao.

R. Museum, Dresden, October 17. A. B. Meyer.

Pallas's Sand-Grouse (Syrrhaples paradoxus).
It is obvious that this bird no longer appears to come much, 

if at all, under observation in Europe, although it was reported 
from almost every part during the months from April to June 
(see Meyer and Helm, Orn. Jahresbericht der Beobachtung- 
stalionen im Kbnigrnch Sachsen, iii. p. 117 el so] ), and even later. 
I suppose nearly all the specimens have flown into the sea, 
and been drowned there. As regards its former appearances in 
Europe, a specimen of Syrrhaptes paradoxus is said to have been 
killed near Grenzdorf, in Silesia, about four years ago; and it 
is also said to have been observed near Sagan, in Silesia, in the 
years 1874-78; and in the year 1883 near Munster, in West
phalia. Whether these reports are authentic, I, of course, 
cannot say, the specimens not being in my hands.

R. Museum, Dresden, October 17. A. B. Meyer.

The Species of Comatulae.
The writer of the notice of vol. xxvi. of the Challenger 

series, which appeared in Nature; of October 11 (p. 561), 
remarks that the total number of living species of Comatula: is 
given on p. 383 as 180, but that from the distribution list itself 
there would seem to be 188species, and he adds that “possibly 
the seven additional species of Antedon and the one species of 
Actinometra named but not described may account for this 
discrepancy.” If he will look at the list again he will find that 
though it contains the names of 8 MS. species, three of 
them belong to Actinometra and only five to Antedon. These, 
however, do not account for the apparent discrepancy, which is 
due to the fact that eight species are dimorphic, so that their 
names appear twice over, as is fully explained in the systematic 
tables on pp. 54, 58.

It will, of course, be understood that these lists only contain 
the names of such species as have yet been baptized, some few 
having received names before they could be described, on 

j account of their serving as hosts to Myzostomida, which have 
been reported on by Prof, von Graff. But some time must 
unfortunately yet elapse before it becomes possible to make out 

1 a complete systematic and distribution list of all the Comatula- 
species which are still awaiting description in various Continental 
Museums. Some very interesting forms were obtained by the 
German ship Gazelle and by the Italian cruiser Tel tor Pisani. 
Prof. Semper’s Philippine collection, which contains several 

I unusually fine individuals, is as yet undescribed, and I know of 
many other new types from various localities. At present, 
however, the fine collections made by the Hlakc in the Carib- 

I bean Sea during the years 1877-79 are occupying most of my 
little working time, and they well repay investigation.

Eton College, October 26. P. Herbert Carpenter.

Voracity of tne Haddock.
A SMALL haddock (Gadus aglejinus), alive when purchased 

on the fish quay this morning, was so much distended that 
curiosity prompted an investigation of the cause. In the stomach 
were found fourteen young whiting (G. merlangus) from 4 to 
5 inches long, and a small crab (Carcinus mamas), with hard 
carapace, about I inch in diameter, all quite fresh, anti digestion 
barely commencing. The haddock was 17 inches long, and 
weighed, when gutted, 26 ounces. The weight of the young 
fry ami crab was 6J ounces, or almost one quarter of the 
weight of the fish. Doubtless this record is often beaten in the 
deep, though the evidence of so healthy an appetite among fishes 
is not often so apparent. Chas. O. Trechmann.

Hartlepool, October 30.



The Queen’s Jubilee Prize Essay of the Royal 
Botanic Society of London.

Tn your issue of October 18 appears (p. 594) a review of the 
essay for which I was awarded the medal of the Royal Botanic 
Society, in which the writer makes a great point of my omitting 
nil reference to drugs. He does not state, for the information 
of your readers, that the prize was offered for the best (not 
necessarily complete) essay on the “Vegetable Substances in
troduced into Britain for use in the Arts, Manufactures, Food, 
and Domestic Economy during the Reign of Her Majesty Queen 
Victoria.” It is not necessary that one should be either “a 
member of the medical profession” or have “a wholesome 
dread of drugs ” to know that drugs used as medicines could not 
with any fitness be introduced into this essay ; indeed, inquiry 
from the Secretary elicited the fact that they had been purposely 
excluded.

Had your reviewer read the essay with any Care, he would 
have observed that I quote Dr. Forbes Watson to the effect that 
China grass and rhea fibre are products of the same plant, but 
prepared in different ways; while an unprejudiced reviewer 
would have mentioned that the quotation having reference to 
Phormium tenax is preceded in the essay by the words, “In one 
of the authorities consulted it is stated that New Zealand flax . . . 
was introduced into England about 1840; but the author has 
found a reference to an unsatisfactory attempt to weave it at 
Knaresborough at a much earlier period than this, and that it 
had been experimented upon in the Portsmouth Dockyard about 
1819, the ropes made from it being satisfactory.”

It was evident that the judges considered that “ gun-cotton 
and its derivatives" are “direct products of the vegetable 
kingdom,” or they would not have printed this chapter of the 
essay.

The limited time allowed for the preparation of the essay 
(about four months), and the inability of the author to avail 
himself of any collection of economic botany and of many of the 
most recent books on the subject, naturally led to many defi
ciencies in the list of substances mentioned, and of this no one 
was more conscious than the author himself; and all he claims 
for his essay is that, in the opinion of the judges (one of whom 
was Prof. Bentley), it was the best of the half-dozen sent in in 
competition. John W. Ellis.

3 Brougham Terrace, Liverpool, October 23.

I have but few rentarls to make in answer to Mr. Ellis’s 
letter. First, I cannot follow his reasoning that completeness 

should not in some measure count as a test of quality, nor can 
I see anything in the preamble of the offer of the prize to exclude 
drugs. Mr. Ellis is justified, however, in having done so by 
receiving direct information from the Secretary to that effect.

On the subject of China grass and rhea, the author, in his 
essay, distinguishes them under separate heads, describing the 
first rightly as the produce of Bahmeria nivea, and the second 
as “ the produce of the East Indian Bahmeria (Urtiea) tenaeis- 
sima, a congener of the species producing China grass.” It is 
after this authoritative statement that he refers to Dr. Fotbes 
Watson’s opinion.

Regarding New Zealand flax (Phormium tenax), Mr. Ellis, 
in his essay, follows up the quotation given in his letter by the 
following paragraph : “Not having been introduced during the 
period to which this essay refers, any further mention of this 
interesting fibre—for which it has frequently been attempted to 
find a place in the British maiket—is unnecessary;” thus justi
fying my remarks on this head.

I leave it to anyone who has read Mr. Ellis’s chapter on 
“ Gun-cotton and its Derivatives,” to say whether they are 
direct products of the vegetable kingdom.

The latter part of Mr. Ellis’s letter, I think, supports the 
truth of my review generally. The Reviewer.

October 27.

MODERN VIEWS OF ELECTRICITY.'
Part IV.—Radiation.

xii.
A XT E must now mention one or two phenomena which 
’ * depend entirely upon a modification of ether by 

the neighbouthood of matter, and which we have reason 
* Continued from vol. xxxviii. p 592. 

to believe would not occur in free ether at all. These 
are the optical phenomena of Faraday and Kerr, and the 
electric phenomenon of Hall.

Faraday discovered, long before there was any other 
connection known between electricity and light, that the 
plane in which light vibrat’ons occur could be rotated by 
transmitting light through certain magnetized substances 
along the lines of magnetic force. To make this effect 
easily manifest, one uses plane-polarized light and trans
mits it through a fair length of magnetized substance, 
analyzing it after emergence, and showing that, though 
it remains plane-polarized, the plane has been rotated, 
possibly through a right angle or more.

Now, in a general way it is easy to imagine that, inas
much as something of the nature of a rotation is going 
on in a magnetic field round the lines of force, vibrations 
travelling into such a field along these lines should be 
twisted round, corkscrew fashion, and emerge vibrating 
in a different plane. But when one tries to follow out 
this process into detail, one finds it not quite so simple 
a matter. It has no business to be a very simple and 
obvious consequence of the existence of a magnetic 
rotation round the rays of light, else would it occur in 
free space, and in the same direction in all media. But the 
facts arc that in free space—that is, in free ether—it does 
not occur at all, and the direction of rotation is not the 
same for all media : substances can, in fact, be divided 
into two groups, according to the way in which given 
magnetization shall rotate the plane of polarized light 
passing through them.

Similarly with the electrostatic optical effect discovered • 
by Dr. Kerr, who showed that plane-polarized light trans
mitted across the lines of force in an electrostatic field 
could, in certain media, come out elliptically polarized. 
Now, inasmuch as an electric field is a region of strain, 
and strain in transparent bodies is well known to make 
them slightly doubly refracting and able to turn plane- 
polarized into elliptically-polarized light, it is very easy to 
imagine such a result in an electric field to be natural 
and probable. But the explanation is not so simple as 
that, else it ought to be a large effect, occurring in all 
sorts of media in the same direction, and likewise in free 
space. But the facts are that it does not occur at all in 
free space, and it occurs in different senses in different 
substances ; so that again they can be grouped into two 
classes according to the sign of the Kerr effect.

Thus, then, the rotatory effect of a magnetic field upon 
light, discovered by Faraday, and the doubly refracting 
effect of an electrostatic field upon light, discovered by 
Kerr, agree in this : that they are both small or residual 
effects, depending on the existence of a dense medium, 
and both varying in sign according to .the nature of the 
medium.

The only substance in which the Faraday effect is large 
is iron, including with iron the other highly magnetic sub
stances. The discovery of the effect in these bodies was 
likewise made by Kerr. The difficulty of dealing with them 
is that they are very opaque, and hence that the merest 
film of them can be used. The film can be used either 
by way of transmission or by way of reflection, it matters 
not which, but reflection is perhaps the more convenient. 
Light reflected from the pole of a magnet has indeed 
barely penetrated at all into the substance of the iron 
before being sent back; still, it has penetrated deep 
enough to be distinctly rotated by the tremendous mag
netic whirl which it finds there. z\ll these highly mag
netic substances are metallic conductors, and are therefore 
very opaque.

Whether there is any real connection between high 
magnetic susceptibility and conductivity is more than I 
can say. But it is quite natural, and indeed necessary, 
that the greatest portion of light should be reflected on 
entering a highly magnetic medium, because in such a 
medium the ethereal density, p, is so great, and hence the 



velocity of wave transmission must undergo a sudden 
and immense decrease—a circumstance always causing a 
great amount of reflection, just as when sound tries to 
pass from any one medium to a much denser one.

But the opacity of iron and other magnetic substances 
may be explained by the mere fact of their conducting 
power, just like other metals, and no noteworthy effect of 
their large value of y need be detectable.

If a non-conducting highly magnetic substance could 
be found, it would probably reflect a great deal of light 
at its surface, though it would not dissipate that which 
entered it. Such a substance would be most interest
ing to submit to experiment, but perhaps its existence 
presupposes a combination of impossible properties.

As to the phenomenon detected by Hall, it appears in
timately associated with that of Faraday, and it will be 
most simple to omit all reference to it for the present.

A general idea of what is happening in the Faraday 
and Kerr phenomena can be given thus. A simple vibra
tion, like a pendulum-swing, or any other oscillation in one 
plane, can be resolved into two others in an infinite variety 
of ways ; just as one force can be resolved into any number 
of pairs of equivalent forces. The two most useful modes 
of analyzing a simple vibration into a pair of constituents 
are these: (1) two equal components, likewise plane 
vibrations, each inclined at 45 to the original one, as 
when P Q is resolved into A B and c D (Fig. 49) ; and (2) two 
equal circular or rotatory oscillations in opposite directions, 

Fig. <9.

as when P Q is resolved into P M Q and P N y (Fig. 50). The 
first method of resolution is useful in explaining Kerr’s 
effect, the second in explaining Faraday’s.

Of the two component vibrations, A B and c D, into which 
P y can be supposed analyzed, let some cause, no matter 
what, make one gain upon the other, so that in travelling 
along a line perpendicular to the paper one goes a little the 
quicker : the effect at once is to change the character of 
the vibration into which they will recompound. After the 
gain, they no longer reproduce the original simple vibration 
p y : they give rise to elliptic, or it may be to circular, 
vibrations ; this last, if the retardation is equal to a 
quarter period.

These are matters fully treated in any elementary 
treatise on polarized light, and they are quite easily 
illustrated by means of a simple pendulum. One may 
assume them known.

Similarly with the second system of analyzing the 
vibration into two opposing circular ones. If the com
ponents travel through any interposed medium at the 
same rate, they will, on emergence, reproduce the original 
vibration in its original position; but if one travels 
quicker than the other they recombine into a vibration of 
tne same character as at first, but turned through a certain 
angle. Thus any thing which retards one of the rectangular 
components behind the other changes the character of the 
vibration from plane into elliptical; while anything which 
retards one of the circular components behind the other 
leaves the character of the vibration unaltered, but rotates 
it through a certain angle.

So far one has said nothing but the simplest mechanics. 
The next point to consider is what determines the rate at 
which light travels through any substance? This we have

discussed at length, and shown to be Anything
which increases either the electric or the magnetic per
meability of the medium decreases the velocity of light. 
Now, when a medium is already subject to a violent strain 
in any one direction it is possibly less susceptible to 
further strain in that direction and responds less readily. 
Not necessarily so at all : such an effect would only be 
produced when the strain was excessive, when the medium 
was beginning to be overdone, and when its properties 
began thereby to be slightly modified. There are 
reasons for believing the specific inductive capacity of 
most media to be very constant; of some media, perhaps, 
precisely constant; but if there were any limit beyond 
which the strain could not pass it is probable that on 
nearing that limit the specific inductive capacity would 
be altered—possibly increased, possibly diminished—one 
could hardly' say which. Quincke has investigated this 
matter, and has shown that the value of K is affected by 
great electric strain.

Suppose now that a dielectric is subject to a violent 
electrical stress, so that its properties along the lines of 
force become slightly different from its properties at right 
angles to those lines. The value of K will not be quite 
the same along the lines of strain as across them, and 
accordingly the rectangular component of a vibration 
resolved along the lines of force will travel rather quicker 
or rather slower than the component at right angles, 
because the velocity of transmission depends upon K 
as already explained : such a medium at once acquires 
the necessary doubly-refractive character, and will show 
Kerr’s effect.

Similarly with magnetization. It is well known that for 
many media y is not constant. Take iron, for instance. 
For very small magnetizing forces the susceptibility is 
moderate, and increases as they increase ; at a certain 
magnetization it reaches a maximum, and then steadily 
decreases. But not only is it thus very inconstant, its 
ascending and descending values are not the same. To 
forces tending to magnetize it more, the susceptibility has 
one value ; to forces tending to demagnetize it, it has 
another and in general smaller value. This property has 
been specially studied by Ewing, and has been called by 
him “ hysteresis.” Slightly susceptible substances cannot 
be magnetized to anything like the same extent, and 
hence the property in them has been less noticed, perhaps 
not noticed at all. Nevertheless it must exist in every 
substance which exhibits a trace of permanent magnetism, 
and every substance 1 have tried appears to show some 
such trace (see Nature, vol. xxxiii. p. 484).

An already strongly magnetized medium will be rather 
differently susceptible to additional magnetizing forces in 
the same direction than to those in a contrary direction. 
Nothing more is wanted to explain Faraday’s effect. The 
vibration being resolved into two opposite circular com
ponents, one of them must agree in direction with the 
magnetism already in the medium and try to magnetize 
it for the instant infinitesimally more; the other component 
will for the instant infinitesimally tend to demagnetize it. 
The value of y offering itself to the two components will 
be different, hence they will go at different rates, and the 
plane of vibration will be rotated.

The direction of rotation will depend on whether the 
value of y is greater for small relaxations or for small 
intensifications of magnetizing force ; and diamagnetic 
substances may be expected to be opposite in this respect 
to paramagnetic ones. Any substance for which y is 
absolutely constant, whatever the strength of magnetic 
polarization to which it is submitted, can hardly be 
expected to exhibit any hysteresis ; the ascending and 
descending curves of magnetization will coincide, being 
both straight lines, and such a substance will show no 
Faraday effect. Similarly, any substance for which K is 
absolutely constant, whatever the electric polarization to 



which it is submitted, can show no Kerr's effect. Free 
space appears to be of this nature ; and gases approach 
it very nearly, but not quite.

In iron,p is greater for an increasing than fora decreas
ing force, as is shown by the loops in Ewing’s curves; hence 
the circular component agreeing in direction with the 
magnetizing current will travel slower than the other 
component, and hence the rotation in iron will be against 
the direction of the magnetizing current. The same 
appears to hold in most paramagnetic substances, and 
the opposite in most diamagnetic, but the mere fact of 
paramagnetism or diamagnetism is not sufficient to tell 
us the sign of the effect in any given substance. We 
must know the mode in which its magnetic permeability 
is affected by waxing and by waning magnetization 
respectively.
Possible Electrical Method of detecting the Faraday Effect.

Thus far we have considered the rotation of electric 
displacement by a magnetic field as being examined 
optically, the displacements being those concerned in 
light, and the rotation being detected by a polarizing 
analyzer suitable for determining the direction in which 
the vibrations occur before and after the passage of light 
through a magnetized substance. This is the only way 
in which the effect has at present been observed in 
transparent bodies. But one ought not to be limited to 
an optical method of detection.

Electrical displacements are easily produced in any 
insulator, and if it be immersed in a strong magnetic 
field so that the electric and magnetic lines of force are at 
right angles to each other, every electric disturbance 
ought to experience a small rotation. A steady strain 
will not be affected ; it is the variable state only which will 
experience an effect, but every fresh electric displacement 
should experience a slight rotatory tendency just like the 
displacements which occur in light.

Now to rotate a displacement A B into the position a c 
requires the combination with it of a perpendicular dis
placement bc (Fig. 51). Hence the effect of the magnetic

C
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field upon an electric displacement, A B, may be said to be 
the generation ofa small perpendicular E.M.F., BC, which, 
compounded with the original one, has the resultant 
effect AC. It will be only a temporary effect, lasting while 
the displacement is being produced, and ceasing directly 
a steady state of strain is set up.

An inverse E.M.F., A D, will be excited by the same 
magnetic field directly the displacement is reversed.

And so, if a continual electric oscillation is kept up be
tween A and B in a magnetic field, an accompanying very 
minute transverse oscillation may be expected, and may 
be looked for electrically.

Some such arrangement as that here shown (Fig. 52) 

may be employed. A square of heavy glass, perforated 
with four holes towards the centre, supplied with elec
trodes ; one pair of electrodes, A, B, to be connected with 
the poles of some alternating machine, and the other 
pair, c, n, connected to a telephone or other detector of 
minute oscillatory disturbance. So soon as a strong 
steady magnetic field is applied, by placing the glass 
slab between the poles of a strong magnet, the telephone 
ought to be slightly affected by the transverse oscillations. 
This effect has not yet been experimentally observed, but 
it seems to me a certain consequence of the Faraday 
rotation of the plane of polarization of light.

Hall Effect.
Although the existence of this transverse E.M.F., 

excited by a magnetic field in substances undergoing 
varying electric displacement, has at present only been 
detected optically in transparent bodies, i.e. in insulators, 
yet in conductors the corresponding effect with a steady 
current has been distinctly observed electrically. By 
many persons it had been looked for (by the writer and 
Prof. Carey Foster, among others, though unfortunately 
they were not sufficiently prepared for its extreme small
ness) ; by Mr. Hall, at Baltimore, was it first successfully 
observed.

In conductors it is natural to use a conduction-current 
instead of a displacement-current. A steady current can 
be maintained in a square or cross of gold-leaf or other 
thin sheet of metal between the electrodes A, B, and a 
minute transverse E.M.F. can be detected, causing a 
very weak steady current through a galvanometer con
nected to the terminals c, D, so soon as a strong magnetic 
field is applied perpendicularly to the plate. Fig. 53 will

Fig. 53.—The direction of the transverse E.M.F. excited by the earths 
vertical magnetic field in this conductor, conveying a current as shown, 
is cd if it represents gold, DC if it represents iron.

sufficiently indicate the arrangement. The poles of the 
magnet are one above and one below the paper.

In iron it is easy to see which way the transverse- 
E.M.F. ought to be found. It has been shown that a 
displacement will be rotated in iron against the magnet
izing current; hence, to rotate the displacement A B to 
AC (Fig. 51), requires in iron a clockwise magnetizing 
current. Such a current, or, what is the same thing, a 
south pole below the paper, a north pole above, excites, in 
the cross of Fig. 53, E.M.F. in the direction D C, and this by 
Ampere’s rule is just the direction in which the conductor 
itself is urged by the magnetic forces acting on the 
current-conveying substance. Most diamagnetic sub
stances should exhibit a transverse E.M.F. in the oppo
site sense. This transverse E.M.F. excited in conductors 
conveying a current in a magnetic field is the effect 
known by the name of Hall. It is, as Prof. Rowland and 
others have pointed out, intimately connected with the 
Faraday rotation of light.

Unfortunately a pure and simple Hall effect is a diffi
cult thing to observe. Magnetism affects the conductivity 
of metals in a rather complicated manner, and strain 
affects their thermo-electric properties. Now, a metal 



conveying a current in a magnetic field is certainly more 
or less strained by mechanical forces, and hence heat will 
be developed unequally in different parts, by a sort of 
Peltier effect ; and the result of this will be to modify the 
resistance in patches and so to produce a disturbance of 
the flow which may easily result partly in a transverse 
E.M.F. This has been pointed out by Mr. Shelford 
Bidwell.

The more direct effect of magnetism on conductivity 
may be negligibly small in many metals, but in bismuth 
it is certainly large. Both of these spurious effects seem 
to be large in bismuth, and probably quite mask any true 
Hall effect there may be in that metal. In all cases the 
existence of these spurious effects makes it difficult to be 
sure of the magnitude and sign of the real rotational 
effect.

But, it may be asked, what right have we to distinguish 
between a real and a spurious Hall effect? If a transverse 
E.M.F. can be predicted by reason of known strains and 
thermo-electric properties, as well as by known rotation of 
light effects, why should the two things be considered 
different? Why should they not be different modes of 
regarding one and the same phenomenon ?

In other words, may not the Faraday rotation of light 
vibration be due to infinitesimal temporary strains and 
heatings in the medium caused by the fact that minute 
electric displacements are occurring in a violent magnetic 
field ? This is a question capable of being answered by 
a quantitative determination of the amounts and direction 
of the effects to be expected, and a comparison with those 
actually observed. I do not know of data at present 
obtained sufficient to enable us to answqr it. If the 
answer should turn out to be in the affirmative, the phe
nomenon of hysteresis will be at once linked, by an 
underground path, with those of thermo-electricity and 
strain.1

Oliver J. Lodge.
(To be continued.)

IRREGULAR STAR CLUSTERS.
T T is not always easy to distinguish between a casual 
* “ sprinkle ” of stars and a genuine cluster. The 
movement-test, by which so many physical have been 
discriminated from optical double stars, is here inapplic
able. The Pleiades are the only considerable group 
possessing an ascertained common proper motion. All 
other clusters, debarred as yet from the appeal to this de
monstrative argument of their physical nature, have to 
depend solely upon evidence from probability, with its in
definite variations of conclusiveness according to the 
circumstances of each particular case. It is, however, in 
general, amply sufficient. Among five hundred clusters 
registered as such, there are few indeed as to which there 
can be any doubt of their forming separate systems ; 
although many real aggregations may exist unrecognized, 
owing to their loosely scattered character.

Two inferences may be safely derived from the results 
of recent inquiries into the constitution of the Pleiades. 
First, that interstitial movements in clusters are likely to 
be so extremely slow that centuries must elapse before 
they can become conspicuous; next, that stars showing 
somewhat marked displacements are presumably mere 
travellers across, and no genuine components of, the 
cluster they seem to belong to. An example of this kind 
of temporary association is almost certainly furnished by 
an apparent member of a scattered group in Ophiuchus 
(“Gen. Cat.” 1440), the position of which was found, by the 
comparison of photographs taken by M. von Gothard in 
>886 with Vogel’s measures of eighteen years previously,

Perhaps J ought to caution students not to accept my connection of 
•'araday’s or Hall’s effect with hysteresis as in any way authoritative. Until 
»nesc views have been criticized it will be wise to place no reliance on them. 

to have changed to the extent of 45", or at the rate of 
2 J" annually (Astr. Nach., No. 2777). Its motion, if recti
linear, would carry it from end to end of the collection it 
is projected upon, in 360 years ; and its eventual detach
ment from it may have become palpably inevitable within 
ten. The star is of the eleventh magnitude, and is by 
far the swiftest-moving yet known of so small a size.

Several of the stellar gems surrounding k Crucis are 
suspected of considerable mobility. Sir John Herschel, 
during his visit to the Cape, determined the relative 
places of no, all included in an area of about of a 
square degree (“ Cape Observations,” p. 17); and the 
process was, by Mr. H. C. Russell, of Sydney, in 1872, 
repeated and extended to 130 components (Monthly 
Notices, vol. xxxiii. p. 66). The result was to bring out 
discrepancies .which, if really due to movements of the 
grouped stars, would be of extreme interest. Herschel’s 
measurements, however, were necessarily too hasty to be 
minutely reliable ; so that changes depending upon their 
authority need to be confirmed by continuance before 
they can be unreservedly accepted. The same qualifica
tion applies to M. Cruls's discovery of orbital revolution' 
in three double stars within the precincts of the cluster 
(Comptes rendus, t. Ixxxix. p. 435).

The stars about x Crucis are famous for the loveliness 
of their varied hues. Blue and green, red and sulphtir- 
coloured orbs shine together in a matchless sidereal 
picture, setting at the same time a problem in sidereal 
chromatics by no means easy to solve. There is no evi
dence of change of tint among them since Herschel’s 
time, but there is some, tolerably conclusive, as to change 
of brightness.

Many irregular clusters seem to be throughout made up 
of star-streams and reticulations exactly similar to the 
inflected appendages of globular clusters. A collection 
(M 24) visible to the naked eye as a dim cloudlet near 
M Sagittarii, and regarded by Sir John Herschel as in
timately connected with, if not an actual part of, the 
Milky Way, was named by Father Secchi “ Delle Cau- 
stiche,” from the peculiar arrangement of its stars in rays, 
arches, caustic curves, and intertwined spirals. Closely 
adjacent to it, he noted a group of eleventh magnitude 
stars forming three spokes, as it were, and the nave of a 
wheel, the axis of which was occupied by a much brighter 
close pair (Atti delT Accad. Pont., t. vii. p. 72).

The same kind of radiated structure is apparent in a 
stellar swarm near the right foot of Castor (M 35), 
which, with Lassell’s 24-inch mirror, showed as so 
“ marvellously striking an object that no one could see 
it for the first time without an exclamation." A field 
19' in diameter “ is perfectly full of brilliant stars, un
usually equal in magnitude and distribution over the 
whole area. Nothing but a sight of the object itself can 
convey an adequate idea of its exquisite beauty” (Monthly 
Notices, vol. xiv. p. 76). Admiral Smyth described it as 
“ a gorgeous field of stars from the ninth to the sixteenth 
magnitudes, but with the centre of the mass less rich 
than the rest. From the small stars being inclined to 
form curves of three or four, and often with a large one 
at the root of the curve, it somewhat reminds one of the 
bursting of a sky-rocket ” (“ Cycle of Celestial Objects,” 
p. 168, Chambers). A marvellously perfect photograph 
of this cluster, taken by the MM. Henry, March 10, 1886, 
exhibits not less than two thousand stars disposed in a 
roughly-indicated, eight-rayed figure, the branches often 
connected by drooping chains, and composed in detail of 
sinuous lines, or “fantastically crossing arcs’’ of stars 
(Secchi, loc. cit.).

About one hundred connected stars in Ophiuchus 
(“G. C.” 4346) “ run in lines and arches" (J. Herschel, 
Phil. Trans., vol. cxxiii. p. 460); a collection of eleventh 
magnitude ones in Sagittarius (“ G. C.” 4323) are scattered 
along “ zigzag lines.” The constituents of a large cluster 
near the Poop of Argo (“ G. C.” 1649) struck the elder 



I lerschel by their arrangement “ chiefly in rows,” by which 
he gained some insight into the mechanical complexities 
of such systems. Each row, he observed, while possessing 
its own centre of attraction, will at the same time attract 
all the others ; nay, “ there must be somewhere in all the 
rows together the seat of a preponderating clustering power 
which will act upon all the stars in the neighbourhood " 
(Phil Trans., vol. civ. p. 269). Speculations, indeed, upon 
the dynamical relations of “ stars in rows," are still pre
mature ; nor are they likely, for some time to come, to be 
accounted as “ of the order of the day.” But the con
tinual recurrence in the heavens of this mode of stellar 
aggregation cannot fail to suggest the development of 
plans of systemic dissolution and recomposition on too 
grand a scale to be other than vaguely apprehended 
by us.
. The more attentively clusters are studied, the more 
intricate their construction appears to be. That which 
challenged Herschel’s notice is not singular in exhibiting 
the federative union of a number of subordinate groups. 
There is rarely evidence, in the conformation of irregular 
clusters, of their being governed from a single focus of 
attraction ; there are frequent indications of the simul
taneous ascendancy of several. A cluster in Sagittarius 
(“ G. C.” 4335) is distinctly bifid. It was remarked by 
Sir John Herschel at Feldhausen as “divided by a broad, 
vacant, straight band” (“Cape Observations,” p. 116). 
The fission (as in many nebula?), no longer in the inchoate 
state of a “dark lane," is complete. Admiral Smyth's 
stellar “flight of wild ducks,” in Sobieski’s Shield (M 11), 
is perhaps trifid. Father Secchi, at least, perceived in it 
a three-lobed central vacuity (Atti dell’ Accad. Pont., 
t. vii. p. 75). Sir John Herschel, on the other hand, suc
ceeded by the use of high powers, in breaking up “ this 
glorious object” “into five or six distinct groups with 
rifts or cracks between them” (Phil. Trans., vol. cxxiii. 
p. 462). M. Helmert’s measures of two hundred of its 
components referred to a ninth magnitude star conspicuous 
among them (“ Publicationen der Hamburger Sternwarte,” 
^o. 1, 1874) will eventually afford the means of detecting 
their relative displacements. Several of them appear to 
be variable.

The disruptive tendency indicated by the peculiarities 
of their distribution is equally marked in “a reticulated 
mass of small stars” in Cygnus (“ G. C.” 4511), described 
at Parsonstown as “ a most gorgeous cluster, full of 
holes.” The figure published by Lord Rosse shows a 
winding ribbon of stars inclosing three blank circular 
spaces, of symmetrically diminishing diameters.

Star-groupings of curiously definite forms are often met 
with. A triangular swarm (“ G. C.” 5055) occurs in the tail 
of Cetus ; a rectangular area in Vulpecula (“ G. C.” 4498) is 
densely strewn with fine star-dust. Clusters shaped like 
open fans are tolerably numerous. One situated in 
Gemini would appear, according to Sir John Herschel, if 
removed to a sufficient distance, “ as a fan-shaped nebula 
with a bright point like a star at the vertex.” Another 
specimen of an “ acutangular” cluster (“ G. C.” 4902) is 
bounded by “two principal lines of stars drawing to one” 
(Phil. Trans., vol. cxxiii. pp. 476, 503). It is 2' in length, 
and is to be found in the constellation Cepheus. An 
oval annulus of stars in Cygnus, 4'across (“ G. C.” 4701), 
centrally surrounds a ruddy ninth magnitude star. A 
similar elliptical group, with a double substituted for the 
red star, constitutes a quasi-nucleus for the great cluster 
in Perseus (“ G. C.” 512). This superb object, like the still 
richer group it immediately precedes, has probably galactic 
affinities. The two together form a telescopic pageant 
such as, in the wildest flights of imagination, Hipparchus 
could little have dreamed would one day be unrolled 
before the eyes of men, out of the “ cloudy spot ” in the 
sword-handle of Perseus which he was the first (it is said) 
to detect. Although the outliers of the two clusters can 
be brought within the same field of view, they are believed 

to be really disconnected. The following, and more 
considerable (known as x Persei) was micrometrically in
vestigated by Vogel in 1867-70, photographically by O. 
Lohse in 1884 {A str. Nach., No. 2650). The result of the 
comparison of 172 stars was to show their complete im
mobility in an interval certainly too short for the visible 
development of such tardy movements as were alone likely 
to be in progress. A rapid spectroscopic survey executed 
by Vogel with the Berlin 9-inch refractor, March 30, i8;6 
(“ Der Sternhaufen x Persei,” p. 31), disclosed nothing 
remarkable in the light of any of the clustered stars, 
although several of them have been called red, “ pale 
garnet,” and even “ ruby.” Their comparative brilliancy 
suggests that this magnificent assemblage, as well as its 
neighbour, may be less exorbitantly distant from the earth 
than most other objects of its class.

Red and double stars often—we arc at a loss to imagine 
for what reason—seem to dominate in clusters. Com
pound objects must of course, through the chances of 
optical juxtaposition, occur most freely where stars are 
most crowded ; yet when they are marked out (as often 
happens) both by superiority of lustre and by distinction 
of place, some significance may be attached to their 
presence. Thus, each of the oblique arms of a “ cruciform ” 
group in Auriga (“ G. C.” 1119), photographed at Paris on 
January 28, 1887, carries a pair of conjoined stars brighter 
than the rest (Smyth, “Cycle,” p. 140). A “ superb cluster” 
in Monoceros (“ G. C.” 1637), standing on a background of 
sky “ singularly dotted over with infinitely minute points,” 
has a double star in its most compressed part (J. Herschel, 
Phil. Trans., vol. cxxiii. p 386). The central star in 
Pra?sepe is double ; and there are many examples of 
more restricted groups gathered round a compound 
luminary.

Groups apparently ruled by a conspicuous ruddy star 
are met with in the constellations of the Swan (“ G. C.” 
4676) and Auriga (“ G. C.” 1067). Another in Cygnus 
(“ G. C.” 470t)has already been mentioned.

The nebular affinities of stellar swarms are full of in
terest, but have as yet been very imperfectly investigated. 
The discoveries in the Pleiades, however, which may not 
prove to be the only cluster involved in cosmical fog
wreaths, show what can be done in this direction by the 
aid of photography. But since nebula: thus situated are 
likely to be of the last degree of faintness, the stars prob
ably replacing their original more brilliant knots, their 
existence can scarcely be made manifest otherwise than 
by prolonged exposures of plates of the highest sensitive
ness. Visual detections of the kind will always be rare. 
Two rich clusters have nevertheless long been known to 
include each a nebula of the planetary kind. One in Argo 
(“ G. C.” 1801) has a central vacuity conspicuously occu
pied by a nebulous disk 4.0" across ; the other (M 46), not 
far from the head of Canis Major, displays well within its 
borders a fine annular nebula (“ G. C.” 1565). It is difficult, 
if not impossible, to believe either projected casually into 
such a very remarkable position.

The occurrence of clusters 'within clusters can just as 
little be set down to the account of chance. In one such 
instance, a large loose collection in Gemini (“ G. C.” 1490) 
involves a neat group of “ six or seven stars close together, 
and well isolated from the rest” (Lord Rosse, Trans. R. 
Dublin Soc., vol. ii. p. 56). The companion example 
(“ G. C.” 1383) is found in the Milky Way, near Orion’s 
right arm.

Researches into the mutual relations of clustered stais 
are still in their infancy. They will demand for their 
prosecution a reserve of patience as inexhaustible as the 
store of problems to be successively confronted. Before 
these come to an end, the human race itself will peihaps 
have become terrestrially extinct. But not, we may hope, 
before much has been attained that is well worth waiting 
and working for.

A. M. Clerke



THE COLOURING MATTER OE THE TERTA 
OE THE SEED OE RAPE (BRASSICA NAPUS).

*T'HE testa of the seed of this species of Brassica is 
A dark brown in colour, so dark often as to appear 

almost black. Being curious as to the chemical nature 
of the colour in this outer seed skin, I made several very 
simple expcriments(which, however, have been thoroughly 
successful) with a view to elucidate the matter. After 
trying many solvents I was able to dissolve out the greater 
part of the colouring material by the use of that very 
common solvent, viz. a 25 per cent, solution of hydrochloric 
acid.

I put two or three hundreds of rape-seeds into a large 
test-tube (boiling-tube), covered them over completely 
with the dilute hydrochloric acid, and let the whole stand 
for three days.1

At the end of that time the solvent had acquired a very 
distinct pale brownish-violet (inclining to magenta) colour.

When a little of this dilute hydrochloric acid extract 
was mixed with as much strong />ure hydrochloric acid, 
and gently heated, an intense yellow colour was developed, 
pointing to the very probable presence in the solution of 
iron in the ferric condition.

When potassium ferrocyanide was added to another 
portion, in a test tube, of the original dilute HCI solution, 
a pale greenish-blue colour, which gradually darkened, 
was produced, and, after standing for about a day, the 
characteristic Prussian-blue precipitate indicative of ferric 
iron was observed to have settled to the bottom of the 
tube.

Potassium sulphocyanide confirmed the results obtained 
above, by giving, when added to the original solution, a 
well-marked blood-red coloration, showing the certain 
presence of a ferric compound in the liquid tested.

By these simple experiments 1 proved the presence of 
iron. I now wished to ascertain the nature of the iron 
compound in the testa which gave it its characteristic 
colour. I adopted the following simple method of 
investigation :—

I soaked for about a day a hundred or so of seeds. 
Then I took off the skins, which the soaking had ren
dered easily removable, placed them on a clean platinum 
foil, and heated to and kept at a white heat till all the 
water and organic matters were driven off, and nothing 
but ash remained. This ash—which was very small in 
quantity, of course--was reddish-brown in colour, and so 
was undoubtedly, in large measure at least, ferric oxide. 
When this red ash was treated with moderately strong 
hydrochloric acid, the intense yellow colour due to the

Section of testa of rape-seed showing thick corky cell-walls impregnated 
with hydrated (?) ferric oxide. (X j6o).

production of ferric chloride was developed, and the 
potassium ferrocyanide and the sulphocyanide give the 
characteristic tests recorded above.

No doubt, then, was left in my mind by these experi
ments that the iron existed in the state of ferric oxide 
(most probably hydrated ferric oxide or limonite) in the 
testa of the rape-seed. I was next anxious to know how 
the ferric oxide was distributed in the corky tissue of the 
testa. It soon occurred to me that this was also a very

1 I know now that it was not necessary to let the seeds remain in the acid 
so long. By a little gentle and judicious heating for about twenty minutes 
sufficient of the colouring substance woull be extracted to enable one to 
determine its nature. 

simple matter to investigate. I embedded several testas 
in paraffin, and by means of my microtome cut several 
thin sections, mounted in water, and examined them with 
a medium microscopic power. The cell-cavities were 
entirely empty ; the thick corky walls were quite red. 
There, then, in the walls, plainly enough, the ferric oxide 
was seen to be distributed.

How did the ferric oxide get into its place in these 
walls ? This, I think, is the explanation. The iron was 
taken in from the soil, by the root hairs of the plant which 
produced the seeds, chiefly in the ferrous state, probably 
as ferrous carbonate or chloride. It was conveyed in the 
water stream through the parent plant to the seed, and 
there deposited as an accessory substance in the cell-walls 
of the testa amongst the corky matter while the process of 
wall-thickening was going on. It was afterwards, or 
during the process of deposition, oxidized and hydrated (?), 
and so the seed of Brassica Naftus acquired its charac
teristic tough dark brown testa.

Alexander Johnstone.
Edinburgh University.

THE TAIL-BRISTLES OE A WEST INDIAN 
EARTHWORM.

T HAVE recently received from Mr. Reginald Windle 
1 a small collection of earthworms from Bermuda, 

among which is a new species showing a remarkable 
peculiarity of structure which I have not observed, or 
seen recorded, in any other earthworm.

The posterior extremity, for the length of about half an 
inch (the worm measures about three inches), is furnished 
with bristles, which, as in Urochata, are disposed in an 
alternate fashion ; the eight bristles on each segment do 
not correspond in position to those of the preceding or 
succeeding segments, but are placed so as to correspond 
to the intervals between them.

In my specimen the bristles at the end of the body 
were extremely conspicuous, and, when examined by a 
lens, appeared to end in a thickened head ; the skin felt 
sticky when touched by the finger. When a portion of 
the body-wall was teased up in glycerine, and examined 
with a microscope, the bristles showed the very remark
able shape indicated in the accompanying woodcut (Fig. 
I, a). The bristle is very large—compared with those 
upon the more anterior segments (b) and those of other

Fig. i.—at one of posterior net* ; «eta f.-rn ab mt mid lie of body. Both 
drawn to scale with cai/icra I tic id a.

earthworms- and the free end is bent into a hook, the 
point of which lies in a direction nearly parallel to that 
of the shaft. The whole bristle is enormously thicker 
than those which are found upon the anterior segments, 
and of a deep yellow colour. At about the middle of the 
shaft, where a slight swelling is commonly met with in 
the bristles of other earthworms, is a thickened rim which 
suggests the attachment of powerful muscles. The hooked 
end of the bristles accounts for the “ sticky ” feeling of 



the skin, which I was first inclined to ascribe to a secretion 
of the cutaneous glands.

This curious modification of the posterior bristles has 
an evident relation to the habits of these creatures. All 
observers, from the time of Gilbert White onwards, have 
-noticed that earthworms constantly, at night and in 
wet weather, lie outside their burrows with only the 
extreme end of the body fixed in the hole ; when 
alarmed they dart back with great rapidity. Now it 
is quite clear that this movement depends upon the fact 
that the bristles at the posterior end hold that part of the 
body firm while the anterior part is being retracted. 
Probably the alternate arrangement of the bristles in 
Urochata and in the Bermuda worm (which is a close 
ally of Urochata, if not a species of the same genus) are 
useful to the worm in performing such rapid movements, 
.inasmuch as they permit of a firmer hold of the ground. 
When these bristles become strong hooks, as in the 
Bermuda worm, the stability of the hinder end of the 
body must be enormously increased.

I have, however, no information as to the habits of 
these worms, so that 1 can only suggest a possible 
explanation of the presence of these remarkable hooks.

Frank E. Beddard.

NOTES.
OUR readers will be glad to hear of the safety of Prof. A. C. 

Haddon, of the Royal College of Science, Dublin, who recently 
started for Torres Straits. He writes, under date September 9, 
reporting himself in good health, and well pleased with both the 
climate and his reception. If he is carrying out his original 
programme, he should be now busy among the islands in the 
middle of the Great Barrier Reef to the west side of the straits. 
His captures already embrace several new Actinia: and some 
probably new Nudibranchs ; and he is also at work upon the 
habits and placentation of the Dugong. He is much in
terested in the natives, and struck by the alarming rapidity 
of their decrease and modification. They are fast dying 
out, and their customs with them, and the information to be 
obtained from the younger men concerning the doings of their 
forefathers is so unsatisfactory that Prof. Haddon is losing no 
opportunity of studying the anthropology of the islanders and 
of collecting material in illustration thereof.

It is understood that Prof. Giatd is about to be appointed 
immediately to the new Professorship of Evolution des litres 
Organises in the Sorbonne. His lectures will begin this month, 
and the first course will deal with embryological phenomena in 
relation to the Darwinian theory.

La Nature (October 20) prints an interesting article, by Dr. 
Camille Viguier, on the Zoological Station at the town of 
Algiers, the only institution of the kind which has yet been 
established on the southern coast of the Mediterranean. Eight 
years ago, when schools of law, science, and literature were 
formed at Algiers, Dr. Viguier resigned an educational office he 
held in France, in order to associate himself with the new 
Algerian schools, in the hope that he might be permitted to 
create a marine laboratory. This hope has been fulfilled, and, 
although the site has some disadvantages, he is, upon the whole, 
satisfied with the opportunities of research which have been pro
vided for him. He calls especial attention to the fact that it is 
not necessary for naturalists to go to Algiers to profit by the 
institution. Those who write to him will receive, as soon as 
circumstances permit, and prepared in accordance with their 
directions, any animals that can be procured at Algiers.

The Trustees of the British Museum have appointed Mr. 
Alfred Barton Rendle, late Assistant Demonstrator of Botany, 
Cambridge, an assistant in the Department of Botany at the 

Natural History Museum, in the vacancy occasioned by Mr. 
IL N. Ridley's taking the Office of Director of the Botanical 
Gardens at Singapore.

Mr. H. Burv, who has recently been elected to a Natural 
Science Fellowship at Trinity College, Cambridge, began 
the study of biology at Eton, and obtained a First Class 
in the Natural Science Tripos of 1885 (Pert I.), having pre
viously gained a Foundation Scholarship at Trinity College. 
He spent the winter of 1886-87 at the Naples Zoological 
Station, and the results of his work, which has added much to 
our knowledge of the development of Comatula, have been 
recently published in the Philosophical Transactions, with five 
illustrative plates. He returned to Naples at the beginning of 
the present year to study the larvae of other Echinoderms, and 
his observations will be published in an early number of the 
Quarterly Journal of Microscopical Science.

The Princess Louise will open the Durham College of Science, 
Newcastle, on Monday next, November 5, at 12 o’clock.

It is reported from India that Mr. Griesbach, the geologist of 
the Indian Survey, sent for a time to Afghanistan at the request 
of the Ameer, has been compelled by the rebellion of Ishak 
Khan to postpone his geological exploration north of the Hindu 
Kush, and to remain at Cabul. z

According to Allen's Indian Mail, it is the intention of the 
Government of India to utilize the services of Mr. J. Duthie. 
Hitherto that gentleman has confined his botanical researches to 
Northern India, but it is now proposed that his sphere shall 
include not only the whole country but also regions beyond 
the Indian frontier. Accordingly be was sent with the Black 
Mountain Expedition.

The British Consul at Costa Rica, in the course of his last 
annual report, states that a National Museum has been established 
at San Jose, and several valuable collections of Indian relics, 
birds, insects, plants, &c., have been presented or purchased. It 
is intended that in course of time it shall contain specimens of 
all the natural products of the country. A national publication 
and exchange office has also been opened, and all countries are 
invited to exchange periodicals and publications with Costa Rica.

According to a Reuter’s telegram from New York, dated 
October 29, two slight shocks of earthquake had occurred at 
New Bedford, Massachusetts.

In the Report of the Committee of Council on Education in 
Scotland for the past year we find that while 1595 schools taught 
history and geography only fifty-nine took up elementary science. 
Strange to say, agriculture is not taught in any of the Scotch 
training colleges. In the secondary schools, what are called the 
University subjects—that is to say, Latin, Greek, and mathematics 
—are very well taught, particularly mathematics. The Technical 
Schools (Scotland) Act of 1887 has opened, says the Report, to 
School Boards a new field of operations in regard to a branch 
of education to which public attention has of late been very 
closely directed. Only very few schools appear to intend 
to take action under the Act, chiefly, no doubt, because the 
Boards are opposed to any increased expenditure. Technical in
struction is already given in many of the higher schools. The 
Report recommends managers of schools in which it is proposed 
to give technical instruction to secure, if possible, the co
operation of local manufacturers, and to combine with other 
Boards as pointed out in the Act of 1887.

The recent meeting of the Congress of American Physicians 
and Surgeons at Washington seems to have been a great success. 
It lasted three days, Dr. John Shaw Billings acting as President. 
Science considers that the meeting marked a new departure in 
national gatherings of American medical men. “ It was a con



vention of specialists,” says our American contemporary, “of 
men who have pursued their investigations, each in his own 
department, far beyond the point reached by the ordinary 
practising physician, even though his professional equipment be 
of the best. The papers that were read, therefore, presented 
the results of the most advanced scientific researches in the 
several departments, and the organization of the Congress is such 
as to insure in the future the maintenance of this high scientific 
standard. All opportunity for scheming medical politicians to 
gain prominence or office is carefully guarded against, and the 
only chance that any physician has to gain distinction through 
membership of the Congress is by presenting papers of such high 
order of excellence as to command the attention and secure the 
approval of the learned members of the medical profession to 
whom, as to the most competent critics, he submits his work.”

At one of the meetings of the Anatomical Society, during the 
session of the Medical Congress in Washington, Dr. Lamb, 
of the United States Army Medical Museum, spoke briefly 
of a singular phenomenon he had observed in his examina
tion of human breast-bones. It was the occurrence, in a 
number of specimens, of an eighth rib, the cartilage that is 
usually found below the seventh rib being fully developed into a 
rib. Dr. Lamb first saw a specimen of this kind about ten 
years ago. While teaching, he had occasion to observe the 
subject he had before the class with great care, and was sur
prised on one occasion, on counting the ribs, to find that there 
were eight. He made no further investigation at the time, but 
recently he has given the subject more attention, and now he 
has in his own collection four specimens, while in the Army 
Medical Museum there are eight more. In all these cases the 
phenomenon occurs in Negroes, but one additional specimen is 
that of an Indian. Science says that Dr. Lamb has made a 
thorough search of anatomical literature for references to this 
peculiarity. In the English books there is only a single inci
dental reference to it, and in that case the author does not say 
that he has ever seen a specimen. In German books there are 
two references, one of them being the one already mentioned by 
the English authority. The French anatomists do not mention 
it at all ; and only one American, Allen, makes any reference 
to it. Among the anatomists attending the Medical Congress, 
only two or three had seen specimens. Dr. Billings, in a 
circular he has sent out to anatomists and others, has requested 
that information on the subject be sent to the Army Medical 
Museum.

Part 4 of the Synchronous Weather Charts of the North 
Atlantic and the Adjacent Continents has been published 
by the Meteorological Council. It deals with the weather of 
each day from May 25 to September 3, 1883, and is the com
pletion of the discussion undertaken for the thirteen months 
from August 1882, in connection with the international system 
of circumpolar meteorological observations. This last volume 
of the Atlantic Weather Charts is in every way equal in value 
to the previous parts issued, notices of which have been given 
in Nature. Part 4 represents the weather of the summer 
season when the conditions over the Atlantic are necessarily 
quieter than they are in the winter. There is, however, much 
that is of general interest, and the broken weather s> com
monly experienced during an English summer is well pictured. 
Considerable play is shown in the behaviour of the high-pressure 
area usually situated in Mid-Atlantic, and the direct influence of 
its movement upon the weather over a very large area of both 
sea and land is very evident.] At the beginning of June 
the high barometer holds a very central position, and extends 
across the Atlantic from coast to coast, the barometer reading 
as high as 30'6 inches. Several low-pressure areas are skirting 
to the northward, but they are pushed to a higher latitude than 
usual, and too far to the north to cause any serious disturbance 

of the weather in the neighbourhood of the British Islands. The 
high-pressure area, however, soon breaks up, and by June 7 
there is no isobar over the Atlantic with a higher value than 
30’2 inches, whilst the depressions embrace the whole area to the 
north of4O°N., and are more serious in character. These unsettled 
conditions continue till about June 20, when the high-pressure 
area regains its normal position ; but there is somewhat similar 
play in the high-pres-ure system shown in July and August, 
although to a much less extent. The charts show a good 
instance of storm development in Mid-Atlantic on August II, 
which ultimately caused a heavy gale in England on the 14th. A 
low-pressure area was also formed in 28° N. and 65° W. on 
August 20, which developed to a hurricane by the 22nd, 
and apparently reached our islands in a modified form on 
August 28. Good instances of the movement of depressions 
arc also shown, some disturbances being traced across the 
Atlantic. An additional sheet is given containing the charts for 
September 1 to 3, in order to show the passage across the 
British Islandsofa steep cyclonic system which was accompanied 
by severe gales. The depression apparently originated in 20° N. 
and 55° W. on August 21, and, after crossing the British 
Islands at the commencement of September, it passed over the 
North Sea, and subsequently disappeared.

The First Annual Report of the Meteorological Society of 
Australasia, which was established chiefly by the labours of Mr. 
C. L. Wragge, shows that the Society is making good progress, 
and now numbers upwards of eighty subscribing members. There 
are twelve observing-stations established under the auspices of 
the Society, and it is proposed to establish ethers in Fiji and 
Norfolk Islands. The Council also propose to collect observa
tions from ships, with the view of carrying out investigations 
similar to those undertaken by Dr. Meldrum at the Mauritius. 
Several papers of interest have been read by members during 
the past year, and an abstract of the climatological observations 
is published in the Proceedings of the Society.

Two remarkable new polymers of methyl and ethyl cyanides, 
forming well-developed crystals, have been obtained in the 
laboratory of Prof. E. von Meyer at Leipzig. They possess 
percentage compositions precisely the same as those of CH3CN 
and CaH»CN, but twice the molecular weight, and are therefore 
represented by the formula: C4II8Na and C8HJ0Na. The latter 
compound was obtained as follows. Metallic sodium, in small 
pieces, was rapidly added to a solution of ethyl cyanide in abso
lute ether. A brisk action very soon commenced with formation 
of a white pulverulent precipitate, and escape of gaseous ethane 
CaHg. After the cessation of frothing, the mixture was warmed 
upon a water-bath, and the precipitate afterwards separated by 
decantation, washed with ether, and thrown into water. De
composition at once occurred, accompanied by the separation 
of an oil, which on standing solidified in magnificent tabular 
crystals. These were readily obtained pure by washing with 
cold water, in which they are but sparingly soluble, pressing 
between filter-paper, and drying in a desiccator. On analysis 
they were found to give the same numbers as ethyl cyanide. 
The latter compound, however, is a liquid boiling at 98° C., 
while the new substance is a solid melting at 47o-48°. It may 
be distilled without change, boiling at 257°-258°, 160’ higher 
than ethyl cyanide. Vapour-density determinations show that 
it possesses twice the molecular weight of the latter compound, 
a result which was confirmed by determinations according to the 
new method of Raoult, described in these columns a short time 
ago. The cycle of chemical changes resulting in the production 
of this curious polymer have been fully worked out, and are 
briefly as follows. One atom of sodium appears to replace an 
atom of hydrogen in one molecule of C3H3CN, forming sodium 
cyan-ethyl, CaH4NaCN ; a second atom of sodium at the same 



time seizes the CN of another molecule, leaving the CJIs to 
combine with the displaced hydrogen to form ethane. Thus —

Na C„HBCN NaCN + CJhH
+

Na C,H„CN + CsII(NaCN.
The sodium cyan-ethyl then combines with a third molecule of 
C2HsCN to form the sodium derivative CoH^NaNj of the new 
polymer ; this unstable compound is finally decomposed in con
tact with water, with formation of caustic soda and the new 
polymer itself. The constitution of this singular compound 
was conclusively proved to be—

C,H»—C(NH)

CH(CHS)CN,
In a similar manner the methyl polymer was obtained by the action 
of sodium upon methyl cyanide, marsh-gas, CH4, being evolved, 
and a white substance formed, which, on decompo ition by 
water, yielded the polymer C4HBNa as an oil, eventually 
crystallizing in white needles melting at 52°~53° C.

The British Consul at Barcelona, in a report to the Foreign 
Office on the agriculture of his district, says that a voracious 
caterpillar which made its appearance in myriads last year 
amongst the cork forests and stripped the trees completely of 
their foliage, is now attacked and devoured by another insect, a 
species of beetle, of a dark green colour, and armed with a 
horn with which it cuts up the worms or caterpillars. Besides 
this deadly enemy, two others are at war with the caterpillar: 
a crab (cangrejo), and an insect, hitherto unknown, which 
destroys the bags containing the newly-laid eggs of the butter
flies. There is very little doubt that the caterpillars will soon 
be completely exterminated.

A School of Forestry has been opened at Akhaltzik, in 
the Caucasian provinces. The scholars will be selected from 
the native forest-police actually in the service of the Russian 
Government. The increased demand made on the forest staff 
by the law which was passed last April, and which is in force 
in many districts since July, is the cause of the founding of this 
school. The officials hope that with an increased staff they will 
be able to check the devastation of Russian forests.

Dr. A. Julien and Prof. II. C. Bolton have submitted to 
the New York Academy of Sciences a Report on the results of 
their researches on sonorous sands. They have collected samples 
from all parts of the world, and, on close examination, found 
that all sonorous sands are clean ; that no dust or silt is found 
mixed with the sand ; that the diameter of the angular or 
rounded grains ranges between 03 and 0'5 of a millimetre ; and 
that the material may be siliceous, calcareous, or any other, 
provided its specific gravity is not very great. When these 
sands are moistened by rain or by the rising tide, and the mois
ture is evaporated, a film of condensed air is formed on the sur
face of each grain, which acts as an elastic cushion, and enables 
the sand to vibrate when disturbed. In sands mixed with silt 
or dust, these small particles prevent the formation of a con
tinuous air cushion, and therefore such sands are not sonorous, 
If this theory be correct, sonorous sand must become mute by 
the removal of the film of air. Experiments of the authors prove 
that by heating, rubbing, and shaking, the sand is “killed.” 
All these operations tend to destroy the film of air condensed 
on the surfaces. On the other hand, samples of sonorous sand 
were exhibited which had been kept undisturbed for many years. 
They had retained their sonorousness, but, after having been 
rubbed for some time, became almost mute. The aim of the 
authors is now to make a sonorous sand.

Messrs. A. C. McClurg and Co., Chicago, have issued the 
fifth edition of “ A Manual of the Vertebrate Animals of ihe 
Northern United States,” by David Starr Jordan, President of 

the University of Indiana. The work has been wholly re-written, 
and the order of arrangement is reversed, the lowest forms being 
placed first.

We have received the third edition of Mr. Milnes Marshall’s 
well-known text-book “ The Frog : an Introduction to Anatomy, 
Histology, and Embryology.” The present edition, we are told 
in the preface, has been carefully revised, and an account of the 
development of the frog has been added.

Mr. J. Russell has put together a short account of the 
life and system of Pestalozzi. It is called “The Student’s 
Pestalozzi,” and is based on “ L’Histoire de Pestalozzi,” by 
Roger de Guimps. Messrs. Swan Sonnenschcin and Co. are the 
publishers.

The latest issue of the Proceedings and Transactio ns of the 
Nova Scotian Institute of Natural Science (vol. vii. Part 2) 
includes the following papers :—Glacial geology of Nova Scotia, 
by the Rev. D. Honeyman ; list of Nova Scotian butterflies, by 
Arthur P. Silver ; on the elementary treatment of the propaga
tion of longitudinal waves, by Prof. J. G. Macgregor ; Carboni
ferous flora, with attached spirorbes, by the Rev. D. Honey- 
man; fishes and fish development, by Harry Piers; Carboni
ferous of Cape Breton, by E. Gilpin, Jun. ; Japanese magic 
mirror, by Hnrry Piers ; museum meteorites, by the Rev. D, 
Honeyman ; and Nova Scotian superficial geology, systematized 
and illustrated, by the Rev. D. Honeyman. There is also an 
appendix on birds of Nova Scotia, by Andrew Downs, edited 
by Harry Piers.

Messrs. William Wesley and Son have just issued No. 92 
of their “ Natural History and Scientific Book Circular,” con
taining an important list of books on botany.

We have received Mr. J. II. Steward’s Catalogue (Part 5) of 
improved magic and dissolving-view lanterns and slides, with a 
complete catalogue of photographs far the magic lantern.

The Calendar of the Huddersfield Technical School and Me
chanics’ Institute for the forty-eighth session, 1888- 89, has been 
issued. From the report of the Governors for the session 
1887-88 it appears that the institution has been making good pro
gress “on every side.” The buildings will soon have to be 
enlarged, apd the Governors look forward to the hearty support 
and co-operation of the town and neighbourhood in this under
taking.

We learn from Science that a manufacturing firm in New York 
has sent to the United States Department of Agriculture speci
mens of a new fibre they are making from the stalk of the cotton- 
plant. The samples received strongly resemble hemp, and 
seem to be adapted to all the uses hemp is put to. A few fibres 
of it twisted together in the hand show remarkable tensile 
strength, although no exact comparative tests with other fibres 
have yet been made. A collection of the fibres of hemp, flax, 
jute, ramie, &c., from all parts of the world is being made by 
the Department, and a new instrument has been invented by 
which it is expected that the tensile strength of each will be 
ascertained with great accuracy.

The additions to the Zoological Society’s Gardens during the 
past week include a Common Seal (Phoca fitulina) from British 
Seas, presented by Mr. Geo. Stevenson ; a Tawny Owl (Syrniuni 
aluco) from Ross-shire, presented by Mr. J. Weston ; a Little 
Grebe (Taehybaf'tes Jliivialilis), British, presented by Mr. Bibby; 
a Starred Tortoise (Testndd stellata) from Ceylon, presented by 
Mr. William Ford ; an zMligator (Alligatdr mississiggiensis) from 
Florida, presented by Mr. G. A. Ruck ; a Puff Adder(Vifera 
aridans), an African Cobra (Naia baje) from North Africa, 
presented by Mr. Herbert E. White; a Macaque Monkey 
(Macacus eynamolgiis i ), a Larger Hill-Mynah (Gvacula inter



media) from India, three Red Deer (Cervus elaphus t $ q), 
British, two While-tailed Gnus (Connodurtcs gnu g $), bred 
in Holland ; a Ruffed Lemur {Lemur varius) from Madagascar, 
deposited ; a Red-crested Pochard (Fuligula rufina <5) from 
India, purchased.

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 NOVEMBER 4-10.

fT7OR the reckoning of time the civil day, commencing at 
'1 Greenwich mean midnight, counting the hours on to 24, 
is here employed.)

At Greenwich on November 4
Sun rises, yh. 2m. ; souths, 1 ih. 43m. 40’95.; sets, t6h. 26m. : 

right asc. on meridian, 14b. 4>'3m. ; deci. 15’ 36' S. 
Sidereal Time at Sunset, igh. 23m.

Moon (New on November4, oh., and at First Quarter November
10, 161>.) rises, 7h. 13m.; souths, I2h. 18m.; sets, 
17b. 12m.: right asc. on meridian, 15b. 14'501. ; deci. 
13° 20' S.

Right asc. and declination
Planet. Rises, 

h, m.
Mercury.. 6 16 .. 
Venus ... 9 54 ...
Mars ... 12 o ..
lupiter ... 9 30 ..
Saturn ... 23 7*..,
Uranus... 4 47 ... 
Neptune.. 17 19*...

on meridian.
h. m. , ,

. 14 11 '2 ... 12 29 S.
. 16 443 ... 23 28 S.
. 18 40'0 ... 24 41 S.
. 16 32'6 ... 2t 27 S.
. 9 29 6 ... 15 45 N,
. 13 117 ... 6 57 S.
• 3 58'7 — «8 46 N

Souths. Sets, 
h. m. h. m.

II 15 ... 16 14 .
13 47 ... 17 40 ..
15 43 ... 19 26 .
13 36 ... 17 42 •
6 34 — *4 I •

IO 15 ... 15 43 .
I 4 ... 8 49 ..

* Indicates that the rising is that of the preceding evening.

Occultation of Star by the Moon (visible at Greenwich).
Corresponding 

angles from ver* 
Nov. Star. Mag. Disap. Reap. tex to right for

inverted image, 
h. m. h. m. n r

6 ... B.A.C. 5954 -. 6 ... 18 13 ••• >8 57 ... 75 348
Nov. h. .... o

5 ... 19 ... Jupiter in conjunction with and 3° 5' south
of the Moon.

6 .. 3 ... Venus in conjunction with and 4° 28'south
of the Moon.

6 ... 22 ... Mercury at least distance from the Sun.
8 ... o ... Mars in conjunction with and 2” 35' south

of the Moon.
9 ... 18 ... Mercury stationary.
Saturn, November 4.—Outer major axis of outer ring = 40'7 : 

outer minor axis of outer ring = 9"'7 : southern surface visible.
Variable Stars.

h. m. • - h. m.
Star. R.A. Deci,

U Cephei ... ... 0 52-4 .. 81 16 N. ... Nov. 5, 1 49 w
» 1 28 m

x Tauri........... - 3 54'5 - 12 10 N. ... „ 7. 2 23 m
T Monocerotis .. 6 19'2 .. 7 9 N. ... 6, 5 0 m
R Canis Majoris • • 7 >4'5 •• 16 12 N. ... „ 8, 23 42 m

>< IO, 2 58 m
R Urste Majoris ... 10 367 .. 69 22 N. ... » 7. M
S Ophiuchi ... ... 16 27'8 .. 16 55 S. ... » 9. N
U Ophiuchi ... .. 17 io'9 .. 1 20 N. ... ,, 6, 18 58 in
W Sagittarii ■ • 17 57'9 - 29 35 S. ... » 7, 19 0 in
B Lyrse.., ... ... 18 46'0 .. 33 '4 N. ... » 5> 2 0 m
S Vulpecula; .. 19 43’8 - 27 1 N. ... ,, 8, M
S Sagitta: ... .. 19 5°’9 - 16 20 N. ... ,, 8, 19 0 m
T Vulpeculae .. 20 467 .. 27 50 N. ... ,, 8, 6 0 m
V Cygni ... .. 20 47'6 .. 34 >4 N. ... » 4> 3 0 m

.. 7. 3 0 m
W Cygni .. 21 31-8 .. 44 53 N- ,, 10, m
8 Cephei .. 22 25'0 .. 57 5' N. ... .. 9. ’ 0 M

u signifies maximum ; m miminuin.
Meteor-Showers.
R.A. Deci.

Near 7 Camelopardalis... 54 ... 71’ N. ... Swift.
The Taurids ... ............... 60 ... 20 N. ... Slow ; bright. .

350 ... 52 N. ... Rather slow.

GEOGRAPHICAL NOTES.
In some notes embodying the results of his own observations, 

contributed to the Mittheilungen of the Hamburg Geographical 
Society, Dr. II. Lindemann throws some light on the physical 
geography of the interior of Heligoland, lie points out that the 
island is protected on the cast from the action of the sea by a 
long and narrow sand-dune, about if mile distant. Thegradual 
disappearance of this British possession, Dr. Lindemann points 
out, is but partly due to the action of the sea. This is especially 
the case with the western side, where the strength of the waves 
is much greater. The chief factors in wearing don n the island 
arc the heavy rainfall, the variations in the weather, and the dis
solving power of the frost ; all these causes effect the disintegra
tion of the stones and the denudation of the land. The results 
can be seen better at work on the eastern side of the island, for 
the strata and the inclination of the Oberland are towards the 
north-east, and all the water consequently Hows that way. The 
eastern side is largely planted with potatoes, and the gradual 
disappearance of these potato-fields gives us a tolerably good 
basis on which to calculate the sinking of this side of the island. 
There is now nothing remaining of a potato-field which only 
eighty years ago measured 80 metres, and another field, 25 
metres broad, has been reduced within the same period to 3 
metres. In old maps we find an ancient cemetery on the easterni 
side of the Oberland, which had to be removed to its present 
position. These causes, but, above all, the direction in which 
the strata lie, produce the different aspect of the eastern and 
western sides. The eastern cliff is mostly uniform and perpen
dicular ; the western side offers a splendid and varied example 
of the invasive powers of the sea, with its many inlets, caverns, 
and chiselled pillars now separated from the main rock. From 
a comparison with the measurements taken in 1845, Lindemann 
finds that the western cliff had receded about 7 feet in the last 
forty years, or at the rate of about 2 inches a year. The Unter- 
land was joined to the dune by a stone jetty, called the Waal, as 
recently as the seventeenth century. This Waal formed a kind 
of semicircular harbour, open on the north and south sides. If 
we take Geern's map, we find the place of the old northern 
harbour occupied then by green pastures and meadows. But 
this has all been swept away ; the sea carried most of the jetty 
towards the Unterland and the dune. The destruction of the 
breakwater had the effect upon the mainland that the Unterland, 
against which the masses of stone were driven, was gradually so 
greatly increased that new rows of houses could be built upon the 
beach.

It is stated that contracts have been entered into in America 
for the construction of two steamers intended for an expedition to 
the Antarctic regions, which is being organized hy Mr. Henry 
Villard. The officers and scientific staff'of the expedition will 
all be Americans and Germans, as the enterprise is stated to be 
in great part supported by Hamburg money. The expedition 
will start from New York, and its object will be mainly the ex
ploration of the South Shetlands, South Orkneys, South Georgia, 
and the Poovel Islands. This expedition seems to be iudependerft 
of that to be sent out by the German Government under the 
conduct of Dr. Neumayer.

Mr. Joseph Thomson has returned from Morocco in com
pliance with an urgent telegram from the British East African 
Company. Mr. Thomson will probably start immediately for; 
Mombassa, and we have reason to believe will be intrusted with 
a very important mission to the interior.

PRELIMINARY NOTE ON THE ANATOMY 
ANO PHYSIOLOGY OF PROTOPTERUS 
ANNECTENS.

Introduction.
CAWING to the generosity of Prof. Wiedcrsheim, I have 

recently had the opportunity of making some observations 
on the structure and mod? of life of Protopl rus. Although I can 
at present only give a few brief notes on the subject, some points 
have already proved so interesting, that it has seemed worth 
while to give an abstract of my results up to the present time, 
leaving a detailed description until a later date.

I was fortunate enough to be present in Freiburg at the end of 
last June when a quantity of fresh material arrived. This was 
procured direct from the Gambia, owing, in the first instance, to



the energy of Dr. J. Beard, who, assisted by a grant from the 
Royal Society, hoped by procuring Protopterus in sufficient num
bers, and keeping them alive under suitable conditions, to be able 
to study their development. My thanks are therefore due to 
Dr. Beard, as well as to Prof. Wiedersheim, for the specimens I 
have made use of.

The clods of earth in which the animals were inclosed in their 
torpid state having been opened up, they were found to contain 
about one hundred living specimens, varying in length from about 
8 to 80 cm. These were kept in a tank in the Botanical Garden, in 
water which stood at a temperature of 18° Reaumur. They were 
fed with water-snails, earth-worms, Entomostraca, and small fishes, 
the last of which they seemed to prefer. But the abundant 
nourishment with which they were supplied did not prevent 
them from killing one another, so that at the date of writing only 
a small proportion still remain alive. In order to prevent this 
cannibalism, we should have isolated them by means of wire
netting, had it not been thought that this would greatly lessen 
any chance of obtaining embryos. Their vitality is very remark
able : after having been bitten severely, and having consequently 
lost much blood, they will usually live for some days.

The structure of the “cocoon,” and the position of the animal 
within it, have already been described by Wiedersheim,1 and in 
this connection I have only one point to add with regard to the 
respiration of Protopterus during its torpid state. Although in 
one or two of the specimens we noticed a slight redness of 
the tail, I doubt very much whether, as Wiedersheim supposed, 
the tail serves as a respiratory organ during this period. A close 
examination of that part of the cocoon-membrane which closes 
the bottom of the earth-tube, and which overlies the animal’s 
nose, showed that no additional respiratory apparatus was 
necessary. Looking at this membrane from the outer side, the 
small aperture described by Bartlett and Krauss can be plainly 
seen. On the inner side, the rim of this aperture is produced 
into a funnel-shaped tube, the free end of which lies between 
the lips of the animal. Consequently, by means of this pipe, the 
Protopterus can inhale and exhale air during its long sleep. On 
being removed from the cocoon, moreover, the lungs were 
always found to be greatly distended and full of air, bubbles of 
which were immediately given off into the tank in which the 
specimens were placed. In all probability the above-mentioned 
tube is produced by suction, when the secretion which gives rise 
to the cocoon is still soft. The curious squeak which Protopterus 
makes when set free from the cocoon has been noticed by other 
observers.

In addition to dissections, and sections of various individual 
parts, I have made a complete series of transverse sections—in 
all about 2100—of a small female specimen : these are extremely 
instructive.

Jntcgument.—Each outer cell of the epidermis is provided 
with a cuticular cap, and the whole of the epidermis is closely 
packed with goblet cells, which are less numerous on the paired 
fins than on the body, where they arc less than the diameter of a 
single one apart. Multicellular glands, very simular to those of 
Amphibia, are also present here and there throughout the body, 
and are particularly numerous on the snout. Nests oflymphatic 
tissue are present beneath the epidermis in some regions.

Muscles.—The chief point of interest I wish to mention con
cerning the muscles is that they, more particularly the great 
lateral muscles of the tail, serve as stores of nutriment for the 
animal during its torpid state. A similar phenomenon has been 
described by Miescher-Rusch in the salmon during the spawn
ing season.8

The muscular tissue in places shows histologically all stages of 
retrogressive metamorphosis, and owing to this process, the 
leucocytes arc able to absorb its broken-down remnants, which 
can be plainly recognized within many of the leucocytes which 
simply swarm into the muscles in these regions. In some parts 
the muscle is completely eaten away, so that nothing but the 
perimysium is left.

Nervous System.—An account of the structure of the nerves, 
with their numerous spindle-shaped nuclei, and of the remarkable 
nerve-cells, I cannot give here, and I also reserve at present a 
description of certain of the cranial and spinal nerves, and of the 
nerve-supply of the fins. I must, however, mention that the 
pulmonary nerve crosses its fellow at the base of the lungs, and 
then runs along the dorsal surface of the lung of the other side.

1 Anat. Anzeirer. II. Jahrgang, 1887 ; and Proc. Brit. Assoc., 1887.
3 •• Ueber das Leben des Rheinlacbses im Silsswasser,” Archiv. f. Anat, 

u. Physiol.. 1881.

A lateral nerve is situated on either side of the notochord, beneath 
the muscles, at the point where the dorso-lateral and ventro
lateral muscles meet. The spinal ganglia lie outside the canal. 
No trace of a sympathetic could be detected.

Sensory Organs. — Jntegumentary Sense-organs.—These are 
very numerous in the head, and in the body they are not 
restricted to the main lateral line, but are present in regions 
above and below it also. They are situated within the epi
dermis, external to the scales. The moisture necessary for their 
persistence during the torpid period is produced by the gland
cells of the integument. A mass of lymphatic tissue is 
usually present directly beneath each : this may be concerned 
with its nutriment, for it is known that in Amphibians these 
organs are continually undergoing regeneration. I have been 
unable to discover any sensory organs in the integument of the 
paired fins, and the function of these curious filamentous 
appendages, with their large nerve-supply, is still problematical.

The pharynx is provided with sensory organs similar in 
structure to those of the integument.

Olfactory Organ.—The structure of the nose is very compli
cated. In the presence of accessory cavities, it resembles that of 
Amphibia, but in the folding of the epithelium it is more similar 
to that of fishes. The main cavity gives rise to dorsal and 
lateral extensions, the latter corresponding closely with the 
“pars maxillaris ” of Amphibia. Posteriorly, the main cavity 
branches into a number of tubes, each with a small lumen ; these 
in transverse section resemble gland-tubes cut across. The 
olfactory cells are in some parts diffuse, in others arranged in 
groups, as in many fishes and Amphibians.

No special glands arc present in connection with the nose, as 
one would naturally expect. But the moisture necessary for the 
olfactory cells is probably produced by the numerous goblet 
cells which are present in the epithelium of the mouth and that 
lining the anterior and posterior narial passages. This may ex
plain the peculiar position of the anterior nostrils, which open 
beneath the upper lip.

Eye.—No gland is present within the orbit. The lens is 
globular and relatively large, filling up the greater part of the 
posterior chamber, so that there is little space left for the 
vitreous body. The sclerotic is fibrous, but a few cartilage cells 
can be recognized in those regions in which the eye-muscles are 
inserted. The choroid is rudimentary, and contains no pigment, 
and there is no iris or pupil, the pupillary membrane being con
tinuous over the front of the lens. The epidermis thins out 
slightly over the eye, and in this region the goblet cells are 
smaller and less numerous. The dermal fibres are directly con
tinued on the one hand into the representative of the cornea, and 
on the other into the sclerotic. Processes of the pigment cells 
of the retina oan be seen passing between the rods and cones. 
No trace of a processus falciformis could be seen.

Alimentary Canal. —Lips.—No muscles are present in 
connection with the lips, as is stated to be the case by Ayers.1 
Beneath the epidermis they consist of a curious embryonic con
nective tissue very rich in nuclei, similar to that found in the 
snout and tongue.

Tongue.—The tongue is covered with numerous filiform 
papilla; in older specimens, the histological structure of which I 
have not yet examined. None are present, however, in the 
sections of a younger specimen. Goblet cells are very numerius 
in the epithelium, which is folded so as to give rise to a number 
of simple gland-like sacs. No sense-organs can be seen in my 
sections. The extrinsic muscles are, on either side, (l) a large 
hyoglossus, and (2) a small band-like branchioglossus. There 
are no intrinsic muscles, the whole of the substance of the 
anterior part of the tongue beneath the epithelium consisting of 
the connective-tissue referred to above.

On the floor of the mouth, in front of the tongue, and between 
the two cusps of the mandibular teeth, is a curious tube-like 
epithelial organ which apparently opens by a small aperture 
near its posterior end into a median groove of the oral epi
thelium. This tube is lined by columnar epithelium with 
goblet cells.

Thyroid.—The thyroid is a small bilobed organ, situated 
between the connective-tissue and muscular portions of the 
tongue. Its epithelium is flat, and the tubules contain a colloid 
mass which stains deeply.

Thymus.—The well-developed thymus consists of adenoid 
connective-tissue with leucocytes, and lies on the dorsal side of

1 “BeitrSge x. Anat. u. Physiol, der DipnoSr,"Jen. Zeitschr.f. Naturwiss., 
Bd. 18, 188$.



the gill-arches. Black pigment is present in the anterior part of 
its inner portion.

Epithelium.—The epithelium lining the mouth consists of 
polygonal cells, apparently without cilia. In the pharynx, nests 
of simple glands, like those of the tongue, are present; and, as 
already mentioned, numerous sense-organs are to be found in 
the region of the gill-clefts. The epithelial cells of the stomach 
and intestine are columnar, but vary much in their form and 
proportions. Cilia could be detected here and there ; in all 
probability they occur in isolated regions, as in the adult 
lamprey.

With the exception of the large liver, there is no trace of any 
gland in connection with the stomach and intestine, and diges
tion must be thus performed largely through the instrumentality 
of leucocytes.

Muscles of the Alimentary Canal.—The muscles of the walls 
of both stomach and intestine are only very slightly developed 
in torpid specimens, and are apparently broken up and separated 
by the lymphatic tissue to be described presently. They probably, 
therefore, undergo a similar degeneration to that observed in the 
caudal muscles.

Lymphatic Organs of the Stomach an J intestine. —The form of 
these organs has been described by Ayers (loc. cit.} I have not 
been able to verify his supposition that there are direct connec
tions between them and the lumen of the intestine. A central 
part of the lymphatic organ running down the axis of the spiral 
valve can be distinguished from the rest by its more compact 
structure. Many of the leucocytes in these regions are full of 
fat-globules.

A large lymphatic body is present behind the cloaca and 
pelvis, and probably serves to protect the vent from the entrance 
of harmful substances

Cloacal Cacum.—The so-called “urinary bladder” opens 
into the cloaca between the rectum and the urinary and genera
tive ducts. It has therefore much the position of the “ rectal 
gland” of Selachians, and probably has nothing to do with the 
urinary bladder of other forms.

Lungs.—The cavity of the lungs is divided up by trabecula;, 
which give the anterior unpaired portion a sponge-like appear
ance : a central lumen is present in the paired portion. A large 
lymphatic organ lies beneath the anterior unpaired part, the 
curious relations of which I hope to describe later, and will now 
only mention that the blood corpuscles migrate from it into the 
tissues of the lung.

Abdominal Pores.—As Ayers has shown, only one abdominal 
pore is usually present, and in my sections this ends blindly, 
and does not open into the coelome. Probably its relations vary 
in different individuals.

Blood Corpuscles.—The chief peculiarity of the blood of 
Protopterus is the large size of the corpuscles, and the compara
tively large proportion of the white in comparison with the red. 
The form of the latter resembles that of the red corpuscles of Am
phibians. In length they measure from 0'040-0'046 mm., and in 
width 0'025-0 027 mm. The size of the white corpuscles varies 
greatly. The diameter of the largest, when not throwing out 
pseudopodia, may exceed the length of a red corpuscle. Two 
kinds maybe distinguished, as follows:—(1) Large leucocytes 
of the ordinary form, the protoplasm of which is usually dis
tinctly differentiated into a coarsely granular endoplasm and a 
hyaline ectoplasm. In specimens prepared for me by Dr. 
Goldmann, according to Dr. Ehrlich’s method, the protoplasm 
and nucleus are coloured violet. (2) Leucocytes of various 
sizes, the largest being usually rather smaller than those described 
above. The granules in the protoplasm are finer, and in addition 
to the ordinary blunt pseudopodia, stiff filamentous processes are 
also formed. The protoplasm of these stains brownish-red by 
Ehrlich’s method, and Dr. Goldmann informs me that a similar 
coloration occurs in human white corpuscles in cases of 
leukxmia. Prof. August Gruber was kind enough to make 
a careful examination of these corpuscles with me, and we were 
able to trace a gradual disintegration in those described under 
(2), until finally nothing but the greatly altered nucleus is left. 
It seems probable, therefore, that these leucocytes convey the 
nutriment from the alimentary canal (or muscles) into the blood, 
and there disintegrate.

Blood-vessels.—I have at present only one or two remarks to 
make on the arrangement of the blood-vessels. Hyrtl's descrip
tion 1 of the vessels of Lepidosiren would answer equally well in 
most points to Protopterus. Peters “describes a single pulmonary

* Abhandtunren d. bohm. Gesell d. Mss., 1845.
3 Mull. Arch. f. Anat., 1845.

artery, arising from the efferent branchial vessels on the left 
side. This soon branches into two, each branch running along 
the inner side of the corresponding lung. No mention, however, 
is made by Peters of the corresponding right vessel, which has 
precisely the arrangement described by Hyrtl in Lepidosiren. 
This right pulmonary artery also divides into two, one branch 
passing along the dorsal surface of each lung alongside the pul
monary branch of the vagus.

The caudal vein divides up into two renal-portals. These 
are said by Hyrtl to anastomose anteriorly with a paired azygos 
in Lepidosiren. I have been unable to find any such “azygos 
vein” in Protopterus. The two so-called “venie cavie pos- 
teriores ” doubtless correspond to the posterior cardinals, though 
they are somewhat modified. No lymphatic vessels could be 
detected.

Urinary Organs.—The kidneys arc closely invested every
where except on their dorsal side, by lymphoid and fatty tissue, 
which posteriorly forms a large median mass, plugging the end of 
the cielome. No nephrostomes are present, as was supposed by 
Ayers.

A quantity of pigmented tissue on the outer and lower borders 
of the kidneys may possibly represent the adrenals.

Generative Organs.—Concerning the structure of the female 
generative organs, I have, as yet, little to add to the descriptions 
of former observers. No accurate account of the male organs 
exists, and I am inclined to think that the descriptions which 
have been given up to the present time referred to immature 
females, the generative organs of which might easily be taken for 
those of a male.

I have been able to distinguish no essential differences in 
external form between males and females : the latter are by far 
the more abundant.

Each testis has much the form and relations of an immature 
ovary, and, like the ovary, is invested along its free edge and 
sides with lymphatic and fatty tissue. Along its ventral surface 
a slight groove can be distinguished, at the bottom of which the 
spermatic duct lies. Posteriorly, the two ducts come to the 
surface, unite, and open by a common aperture on a papilla into 
the cloaca, just as in the female. In transverse sections, the 
seminiferous tubules can be seen opening into the ducts ; in 
ripe specimens, fully formed spermatozoa can be seen in their 
lumina. I have, up to the present time, found nothing which 
could correspond to the remnant of a Mullerian duct, and, as 
the ureter undoubtedly must represent the mesonephric duct, 
there remains no other explanation of the duct of the testis than 
to suppose it to be the homologue of the Mullerian duct.

The form of the spermatozoa is very curious : they are carrot
shaped, and each is provided with two long cilia. They are 
very small, the length of the carrot-shaped head being only 
about 1/25 mm.

Most of the above observations were made in the Ana
tomical Institute in Freiburg i/B, where I have profited much 
by the kind help and advice of Prof. Wiedersheim.

August 31, 1888. W. Newton Parker.

A more detailed examination of a male specimen, in which 
the spermatozoa were not yet ripe, has shown that distinct rudi
ments of the anterior parts of the Mullerian ducts are present. 
Each has an abdominal aperture, similar in form and position 
to that of the oviduct, and extends backwards for a short dis
tance, tapering off before the level of the kidneys is reached. 
In sexually mature individuals, all traces of the Mullerian ducts 
appear to have vanished.

The duct of the kidney must therefore, as in Elasmobranchs, 
represent a special collecting-tube developed in connection with 
the posterior mesonephric tubules. W. N. P.

University College, Cardiff, October 27.

THE WHEAT CROP OF 1888.
CIR JOHN LAWES has communicated some interesting facts 

with regard to the wheat crop of the present year. It has 
been Sir John Lawes's endeavour for many years past to establish 
a statistical relation between the fluctuations of the yield of wheat 
upon his own well-known experimental field in Hertfordshire 
with the general average obtained over the United Kingdom. In 
order to do this he has selected certain plots and taken their 
average yields, and it is maintained that the result so obtained 
fairly represents the average yield over the United Kingdom.



This conclusion is based upon observations extending over 
upwards of forty years, and has been rather forced upon the 
attention of Sir John Lawes, than assumed in the first instance.

The central position of Hertfordshire (at least with regard to 
England), and the medium character of the soil and climate, 
afford some reason for expecting an average yield; and the 
various treatments to which the selected plots have been subjected 
also assist to secure an average and representative result. The 
selected plots are five in number, each of which has been similarly 
treated for the last forty-five years, and all of them have carried 
wheat every year during this long period. One of these plots 
has remained continuously unmanured and has yielded on an 
average 13 bushels per acre, which, strange to say, is one bushel 
above the official average crop of the United States of America. 
One has been continuously manured with fourteen tons of farm
yard manure per acre, and has yielded an average of 33J bushels 
during the last thirty-six years. The remaining three selected 
plots have been treated with artificial manures upon a uniform 
and undeviating plan, and have yielded on an average respec
tively 323, 36$, ami 363 bushels per acre taken also over a 
period of thirty-six years.

The mean average of all these five plots taken over this long 
period is 27 j bushels, and it is this mean which corresponds with, 
or at least closely approximates to, the average yield of the 
United Kingdom. The average yield of these five selected plots 
for the present year is 27J bushels per acre, equal to 26 J bushels 
when calculated as of 61 pounds each. The average yield 
arrived at on the same principle last year was 282 bushels per 
acre, showing a deficit this year as compared with last of 
tj bushel per acre. Again, comparing the result obtained from 
the Rothamsted standard plots with what is considered the usual 
standard average of 28 bushels per acre, the deficiency for the 
present year would appear to amount to 1 i bushel per acre only.

Sir John Lawes’s general deduction that the selected plots at 
Rothamsted fairly represent in yield the average of the United 
Kingdom is certainly an assumption which might be objected 
to on scientific grounds. It is, however, as already pointed out, 
rather to be regarded as an ascertained fact than as a simple 
assumption, and from the evidence of a large number of years, 
the fluctuations of yield at Rothamsted may be regarded as a 
barometer, if we may so express it, of the parallel fluctuations 
throughout the United Kingdom.

Judged by the standard of the Rothamsted yields, the wheat 
crop of 1888 is only slightly below the received average of 
28 bushels per acre.

It is well known to agriculturists that the harvest of 1879 was 
the worst which the present generation has witnessed, and 
during the dismal summer which has now ended, many persons 
expressed an opinion that the harvest of 1888 was likely to equal 
in badness that of 1879. This discouraging view has, however, 
happily been dispelled, and the harvest of 18S8, although in
ferior in both quantity and quality to an average one, is not to 
be reckoned as disastrous.

One important feature of the harvest of 1888 is, however, its 
irregularity, and this has not only given rise to many conflict
ing opinions, but made if exceedingly difficult to arrive at the 
truth.

The opinion of Sir John Lawes is that upon farms where the 
condition of the land was defective, as well as upon all lands 
where there was an excess of artificial nitrogenous manure, there 
was less than the average produce ; but that when the manurial 
conditions were more favourable there was more than an average 
produce. Thus the continuously unmanured plot yields only to 
bushels per acre instead of 13, the average of the preceding 36 
years. The farmyard manure plot, on the other hand, yields 38 
bushels, against an average of only 33d bushels. Lastly, the 
plot which receives an excessive amount of nitrogenous manures 
in the form of ammonia salts, as well as mineral substances, 
yields only 35J bushels, against its average of 36 J bushels. The 
result thus generally indicated is supported by experiments made 
beyond the list of the usually selected plots, and is in these 
experiments still more pronounced.

The economic conclusion arrived at by Sir John Lawes after 
carefully passing this evidence in review is that “ Taking the 
average population of the United Kingdom for the harvest year 
1888-89 at rather over 37^ millions, the estimated requirements 
for consumption, at 5’56 bushels per head, would be about 26J 
million quarters. The area under wheat is reported to have 
been 2,663,436 acres, or nearly 300,000 acres more than last 
year. This area, at 26J bushels per acre, would yield nearly 9 

million quarters (8,947,480), and deducting 2 bushels per acre 
for seed, there would remain rather over SJ million quarters 
(8,281,621) available for consumption, and there would therefore 
be required about l8;\ million quarters (18,394,271) to be pro
vided from stocks and import. It is admitted that the wheat 
crop not only of America, but of some other countries whence 
we derive supplies, will be below the average. But during the 
last two months of the past harvest year our imports were at the 
rate of 21 million quarters per annum, and there seems no reason 
to fear that there will be any difficulty in obtaining sufficient 
supplies.”

ON THE INFLUENCE OF LIGHT UPON THE 
EXPLOSION OF NITROGEN IODIDE.'

THE statement of L. Gattermann in his recent paper (/><•/??///< 
1 d. deutsch. chem. Gesellsch. xxi. 751 ; following up V. Meyer’s 

paper in the same volume, p. 26) on nitrogen chloride, that its 
explosive decomposition may be brought about, or its suscepti
bility to explosion much increased, by exposure to bright light, 
has recalled to my mind the fact, which did not specially impress 
me at the time, that I myself undoubtedly observed the same 
relation several years ago in the case of nitrogen iodide.

In a paper on the preparation and composition of the latter 
substance, published in the first number of this Journal (April 
1879), it was noted that on two occasions the product obtained 
with the composition NI3 or NaI8 “exploded in some quantity 
under water with much violence and complete shattering of the 
vessel.”

I remember distinctly that in one of these cases I had just 
carried to a window, through which the sun was shining, the 
beaker full of water at the bottom of which was the black 
sediment of iodide, and was gently stirring the liquid with a 
glass rod, holding the beaker up so as to look at it from below, 
when the rod touched the lower part of the side or the bottom 
of the vessel, and the explosion occurred.

In the other case the iodide was being washed with ice-cold 
water of ammonia, the vessel standing on a table exposed at the 
time to the direct rays of the sun. I do not remember with 
certainty what seemed to precipitate the explosion on this 
occasion, but I believe it was the pouring some fresh liquid, 
from the height of a few inches, on the black sediment of 
iodide which had just been partially drained by decantation.

Under ordinary circumstances nitrogen iodide, while wet, 
exhibits no ext: aordinary sensitiveness, and may be safely worked 
with, only becoming highly dangerous on drying, so that I have 
little doubt that bright sunshine was influential in bringing about 
these two explosions. J. W. MALLET.

University of Virginia, May 8, 188S.

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE.

Cambridge.—Dr. Hill, now Master of Downing College, 
having resigned the Demonstratorship of Anatomy, a senior 
demonstrator and two junior demonstrators at ^100 and /50 
stipends, and a University lecturer on advanced human anatomy 
are to be appointed, providing four teachers for the aggregate 
stipend, ^250, formerly received by the Demonstrator. Star
vation pay this, considering the limited opportunities in 
Cambridge for supplementing the income of an anatomist.

A grant of ^80 from the Worts Fund is recommended to be 
made to Mr. M. C. Potter, to enable him to make botanical 
researches and to collect specimens in Ceylon during the coming 
winter.

The old Chemical Laboratory being now vacant, it is to be 
altered into a Pathological Laboratory for Prof. Roy.

The new scheme of examinerships in natural science was 
passed last week ; the chief features being the appointment of 
two examiners each in elementary biology and chemistry, to 
take the 1st M.B., and the “specials” for the ordinary B.A. 
The stipends are rearranged, and in addition to a fixed 
amount a proportionate sum per candidate is allotted to the 
examiners, 5r. for Tripos candidates, 4'. for 2nd M.H. 
physiology and anatomy, and 2r. for the rest. Thus the 
examiners in anatomy and physiology, if 100 candidates

1 Reprinted from the A met lean Chemical Joutnal, vol. x. No. 4. 



present themselves for the Tripos and too for 2nd M.B., will 
receive £75 each. The papers of all candidates in a subject are 
to be looked over by both examiners, who must be present at all 
oral examinations and at the final meeting of examiners.

The 1 larkness Scholarship in Geology and I’alarontology, for 
women in their first or second term of residence, has been 
awarded to E. Macdonald, of Girton College.

II . F. Newall, M.A. of Trinity College, has been recognized 
as a teacher of physics, D. Carnegie, H.A. of Caius College, as 
a teacher of chemistry, and J. R. Vaizey, M.A. of Peterhouse, 
as a teacher of botany, for the purpose of giving certificates for 
M.B. degree.

At Jesus College, on December It, there will Ire an examina
tion for scholarships in natural science, the maximum value being 
_£8o. Notice must be given to the tutors before December 1. 
Chemistry is essential, and one of the following : physics, ele
mentary biology, animal physiology. Christ’s College examina
tion will commence on the same date, and a candidate may be 
elected at either College.

At St. John’s College the open scholarship examination on 
December it may include ail the subjects of the Natural 
Sciences Tripos, but every candidate must show a competent 
knowledge of two of the following subjects : elementary 
physics, chemistry, and biology.

SCIENTIEIC SERIALS.
American Journal of Science, October.—On a young tortoise 

with two heads, by E. H. Harbour. An account is given of a 
two-headed Chrysemys ficta recently found near New Haven, 
Connecticut, and presenting some interesting physiological 
features. They appear to be two independent organisms in
closed in a common carapace, with separate and even antagonistic 
instincts and impulses, as shown in their struggles to move in 
opposite directions, in their independent breathing, sleeping and 
feeding at different times, and so on. They were still alive and 
vigorous on September 4, fourteen weeks after capture.—The 
structure of Florida, by Lawrence C. Johnson. In this paper, 
which was read before the American Association for the Advance
ment of Science at New York last year, the peninsula is divided 
longitudinally into four regions plainly marked by surface indica
tions : (1) theGulf Hammock in the west ; (2) a central plain, or 
region of sinks ; (3) the High Hammocks, or lake region ; (4) the 
eastern slope, draining to the St. John’s River.—Analysis of a 
soil from Washington Territory, with some remarks on the 
utility of soil analysis, by Edward A. Schneider. The specimens 
here analyzed are from the Rockland Ridge near “The Dalles ” 
on the Columbia Rivet. From this study the author infers that 
the action of hydrochloric acid on soils is far from uniform ; that 
plant roots probably derive their nutrition from the finest 
sediments of the soil ; that hydrochloric acid powerfully corrodes 
both the finest and coarsest sediments ; that fertility largely 
depends not only on the quantity of phosphoric acid, but also on 
the mode of its occurrence, and that consequently the fertility of 
a soil cannot be determined by chemical analysts alone.—On the 
Rosetown extension of the Cortlandt series, by J. F. Kemp. 
The discovery of this extension of the well-known Cortlandt 
series is accredited to Dr. N. L. Britton, and the Rosetown area, 
due west of Stony Point, is here definitely circumscribed.'—The 
contact-metamorphism produced in the adjoining mica-schists 
and limestones by the massive rocks of the Cortlandt series near 
Peekskill, New York, by George H. Williams. In previous 
papers were described the principal types and some intermediate I 
varieties forming the complicated group of this series. Here the I 
author deals with the unusual contact-metamorphism which they 
have occasioned in the adjoining schists and limestones, conclud
ing with a summary of the evidence in favour of the eruptive I 
origin of the massive members of the series.—The sedentary | 
habits of Platyceras, by C. R. Keyes. The sedentary habits of 1 
this group of Palaeozoic Gastropods is inferred from the analogous 
habits of their modern congeners, and from their attachment to 
'arious species of Crinoids during life.—On edisonite, a fourth 
form of titanic acid, by W. E. Hidden. The specimen here 
described is from the Whisjnant gold mine, Polk County, Cali
fornia. Its analysis shows it to be a nearly pure TiO2, like 
tutile, but differing in its crystallization from the three previously 
known forms of that mineral.—On two new masses of meteoric 
■ron, by George F. Kunz. The first of these specimens, from 
f-innville Mountain, North Carolina, closely resembles the 
f azewell Claiborne, and Bear Creek (Colorado) meteorites in 

composition; the second, from Laramie County, Wyoming, 
approaches nearer to those of Rowton, Charlotte, and Jewel 
Hill.—Experiments on the effect of magnetic force on the equi
potential lines of an electric current (continued), by E. H. Hall. 
An account is here given of the author’s experiments with 
cobalt, nickel, and bismuth, together with a summary of results.— 
W. Spring gives a further account of his views regarding the 
compression of powdered solids, in reply to Mr. Hallock; and 
E. S. Dana contributes a short preliminary notice of beryllonite, 
a new mineral so named by him from the fact that it contains the 
rare element beryllium.

The A merican Meteorological Journal for Septembercontains 
(1) An article by Prof. J. E. Curtis on suction anemometers. 
Two different forms of such instruments have been proposed, 
corresponding to two distinct ways in which a moving lluid pro
duces a diminution of pressure. In the first the suction is pro
duced by the wind blowing through a horizontal tube, having a 
contracted section ; in the second the suction is produced in a 
vertical tube, by the wind blowing across its mouth. The 
second form alone has come into limited use, under the name of 
the Hagemann anemometer. The author points out that these 
instruments are no: more generally used partly because there 
is a feeling of uncertainty as to the definite relation of the 
suction to the wind’s velocity. The paper deals almost exclu
sively with their history and theory. (2) An account by Mrs. J. 
N. Brodhead of her experience of the great cyclone at Calcutta, 
on October 5, 1864. (3) An article by Prof. H. A. Hazen on 
the advantages of Mount Washington as a meteorological sta
tion. No individual station has had its observations discussed 
more thoroughly, and one of the most important investigations 
has been the use of the observations in determining a proper 
reduction of barometric readings at great altitudes to sea-level, 
by Lieut. Dunwoody.

bulletin ile rAeaMnie des Sciences de St. Pftersbourg, vol. 
xxxii. No. 3.—On the determination of constants of the ellipsoid 
of the earth by means of geodetical measurements, by A. Bons- 
dorff. This paper contains new formula: for the calculation of 
the eccentricity.—On the formation of meteoric currents from the 
disintegration of comets, by Dr. C. Charlier, being a mathemati
cal inquiry into the orbits of meteorites.—On the aberration of 
fixed stars, by M. Nyren. After having calculated it on the 
ground of observati ms of two stars, the Comes and the Polaris, 
M. Nyren obtains very nearly the same numerical values as those 
formerly found for the same stars by W. Struve.—On a new 
method for determining the focal distance of a system of lenses 
for different rays of light, by Dr. Hasselberg.—Some remarks on 
the fables of Phaedras, by A. Nauck.—A note by Dr. W. 
Radloff on grave-inscriptions in Semiryetchensk. — On the 
phenyl-angelic acid, by A. Gernet.—The approximate elements 
and ephemerides of Encke’s comet for 1888, from May 12 
to August 28, by O. Backlund and B. Seraphinoft',.—The tale 
of the Princess Bentres compared with the tale of the Emperor 
Zenon and his two daughters, by Dr. O. Lemin. (All in 
German.)

No. 4.—Diagnoses of new Asiatic plants, by Dr. C. J. 
Maximowicz, being the seventh instalment (in Latin, with 
four plates) of a capital work about new plants brought by 
Przewalski, Potanin, Taschiro, and several others, from Central 
Asia, Japan, &c.—On the “hyperelementary” terms inthe theory 
of perturbations, a mathematical inquiry, by O. Backlund (in 
German).

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, October 22.—M. Daubree in the 
chair.—On lameness caused by pain, by M. Marey. By means 
of his photo-chronograph the author studies the character of the 
peculiar limping action instinctively caused by the desire to 
diminish the pain of a sore foot in walking. From the stand
point of the mechanical laws regulating the pressure of the foot 
on the ground, the three cases are considered in which this 
pressure is cither equal to, greater, or less than, the weight of the 
body.—A paper follows by the same author, in which the 
swimming action of the eel is studied and illustrated by the 
same photo-chronographic process. The eel was 0 30 m. long, 
reduced by its squirming action to 0'29 m., and its rate of 
progress was shown to be 0 019 m. in 01 second, or about 



0'19 m. per second.—Elements and ephemeris of Barnard's 
comet, by M. E. Viennet. The comet here in question was 
discovered on September 2, 1888, by Mr. Barnard, at the Lick 
Observatory, California, and notierd two days afterwards by 
Mr. Brooks, of the Geneva (U.S.) Observatory. The observa
tions on which these elements are calculated were taken on 
September 5 and 18, and October I, the first at Besamjon, the 
two others at Hamburg.—On some errors affecting the observa
tions of transits, by M. Gonnessiat. The sources of error here 
discussed are the magnitude of the stars on the one hand, and 
their position on the other. In the latter case, the absolute 
error is shown to decrease rapidly to within about 2° of the Pole, 
after which it becomes pretty constant. Hence in determining 
the instrumental constants, the stars nearest the Pole should be 
preferred.—Reflected images on the spheroidal surface of the 
Lake of Geneva, by M. F. A. Forel. M. Ricco's recent note 
(Comptes rendus, cviii. p. 590) showed the deformation of the 
image of the sun reflected by the spheroidal marine surface. 
The observations now taken by M. Forel on the Lake of 
Geneva fully confirm the interpretation of the Sicilian astro
nomer. Attention is called to the fact that the theoretical de
monstration of the probability of such deformations was first 
given by M. Ch. Dufour, of Morges. This new demontration of 
the rotundity of the globe is now no longer theoretical, but is 
borne out by the direct observation of the phenomenon.—On the 
intersection of two algebraic curves in a single point, by M. 
G. B. Guccia. Several geometricians have long been engaged 
on the inquiry into the number I. of the intersections of 
two curves, <j> = o, = o, merged in a single point, P. 
Prof. Cayley and M. Halphen have given genera! solu
tions of this extremely delicate problem, and M. Guccia has 
now been incidentally led to a new general expression of the 
number L, which presents considerable interest thanks to its 
great simplicity as well as the numerous and easy applications 
of which it is capable.—On the combination of benzoic aldehyde 
with the polyatomic alcohols, by M. Maquenne. In a recent 
note on the valency of perseite the author described, under the 
name of dibeuzoic acetal of perseite, a new compound analogous 
to that obtained by M. Meunier with mannite and benzoic 
aldehyde. He now shows that in the acetals derived from a 
polyvalent alcohol each molecule of aldehyde necessarily satu
rates two alcoholic functions. If the number of the latter is odd, 
the aldehyde will always leave at least one free, whence it 
results that the elementary composition of these acetals, in 
passing from any polyatomic alcohol to its next homologue, 
differs sufficiently for them to be at once distinguished by 
analysis. Here is therefore a new means of determining whether 
an alcohol is of odd or even atomicity.—Action of hypophos- 
phorous acid on benzoic aldehyde ; formation of a dioxyphos- 
phinic acid, by M. J. Ville. M. W. Fossek has obtained acid 
crystallized products corresponding to the general formula—

R—CH,OH—P0(0H)„
which he calls oxyphosphinic acids. But no chemist had hitherto 
determined the existence of dioxyphosphinic acids. M. Ville, 
however, has now obtained a compound belonging to this new 
class of acids. The process, as here described, consists in 
making hypophosphorous acid act on benzoic aldehyde. It may 
be designated by the name of dioxybenzylene-phosphinic acid, 
its constitution being expressed by the formula—

C„HS—CH . OH 
I 
PO . OH 

I
C,II5—CH . OH.

—M. G. Deniges describes the action of the hypobromite of 
soda on some aromatic nitrogenous derivatives, and the 
differential reaction between the hippuric and benzoic acids.

Berlin.
Physical Society, October 19.—Prof, von Helmholtz, 

President, in the chair.—Dr. Konig gave an account of experi
ments which he had made with Ottomar Anschiitz on the in
stantaneous photography of projectiles. After exhibiting and 
explaining the instantaneous photographs which Anschutz had 
made during the last few months, such as those of the funeral 
procession of the late Emperor Frederick, of episodes at the 
manoeuvres, of wild beasts at the Zoological Gardens in Breslau, 
of the several positions of a soldier marching on parade, and of 
a lady dancing, he described the arrangements necessary for 

photographing a cannon-ball travelling at the rate of 400 metres 
per second. The cannon-ball was projected in front of a white 
screen illuminated by direct sunlight, occupying in its passage 
second : during this time four negatives were taken. The firing 
of the cannon, the momentary exposure of the plate, and the re
cording of time on the chronograph were provided for by electric 
currents. The experiments were made at Magdeburg at the 
Griison rampart, and had to be completed in one day. Only one 
successful picture of the projectile was obtained, but the possi
bility of such experiments, and of the accurate determination of 
the several time intervals, were sufficiently indicated.—Dr. Budde 
spoke on the mechanics of forces acting on rigid bodies. As 
one outcome of this address may be mentioned a proposal of 
Dr. Budde’s with respect to the nomenclature of conjugate 
forces. Ordinarily, of two conjugate forces only the second one 
is spoken of as conjugate, while no special name is given to the 
first. The speaker therefore proposed to call the first of two 
conjugate forces “male ” and the second “female,” and introduced 
this nomenclature into his address with very marked furtherance 
of its clearness.
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