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	Illustrations
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	Fig. 1.—Sections of some common atoms, in hundred-millionths of a centimeter. In reference to bismuth see below (p. 13) and Plate I A.
	PLATE I. A. Model of bismuth crystal. The model shows the arrangement of the atoms in the bismuth crystal. Each atom is represented by a round ball with three flats upon it. B. The shaking sand box. The circular box is on the left; celluloid figures just showing.
	Fig. 1 A.
	PLATE II. [By courtesy of the Cambridge Scientific Instrument Co. Shimizu-Wilson ray track apparatus. The apparatus which shows the tracks of helium atom shot out by radium. The chamber as sketched in Fig. 2 is to be seen on the upper left of the figure. The disc to the left of it is a screen, in which is a hole. The light from a lantern—not shown—shines through the hole and lights up the fog tracks. A second screen revolves, and lets the radium rays, i.e. the helium atom, shine into the chamber just before the expansion is made. On the right is the driving machinery.
	Fig. 2.—Section of the expansion chamber in Mr. C. T. R. Wilson’s apparatus for measuring the track of helium atoms (see also Plate II). The piston PP is dropped suddenly from the position indicated by the dotted lines to the position indicated by the full lines; so that the air in the chamber is suddenly chilled by expansion and fog settles on the tracks of the helium atoms shot out by the radium at R.
	PLATE III.
	PLATE IV. A. Bar magnets on spiral springs. B. Models of atoms with electrons.
	Fig. 3 (a), (b), and (c).
	PLATE V. A. Floating magnets. When the number of floating magnets is small, they form into a single ring, but when the number is increased, they form concentric rings.
	B. Crystals in tube containing emanation. From Prof. F. Soddy’s “Interpretation of the Radium” (John Murray), by the kind permission of author and publisher.)
	Fig. 4.—Diagram of small experimental billiard table, with balls and loose cushion. If the balls are in motion they drive the loose cushion before them and they lose some of their energy. If, on the other hand, the cushion is suddenly advanced, the energy of the motion of the balls is increased.
	PLATE VI. A. Tuning fork over jar. B. Fog apparatus. The long glass tube is full of fog.
	PLATE VII Cigarette smoke. A. The smoke of the cigarette is rising in a straight column. The air all round is being dragged up with it, though the photograph cannot show it; there is a rising stream of which the smoke marks the centre. B. and C. Here the cigarette has been suddenly moved just before the photograph was taken. The streams of rising air that first met at the cigarette point and went up side by side are rolling and twisting over one another, preserving their identity. They do not mix, except very slowly by means of the diffusion of particles from one stream to another, though the particles are in motion, otherwise the smoke would be a shapeless mass. Meeting streams of air become mixed by convection rather than diffusion.
	FIG. 5.—Reproduced from Faraday's Chemistry of a Candle.
	Fig. 6.—Tuning-fork and pith ball. The pith ball is hurled violently from the vibrating fork.
	Fig. 7.—Vacuum flask. Observe the tube at the bottom (now sealed off) through which the air has been drawn from between the inner and outer glass of each flask.
	PLATE VIII. The indiarubber figure collapses when connected to the vacuum pump. The water in the tin was boiling vigorously when the Bunsen burner was removed and the stop-cock closed. When cold water was poured over it, it collapsed.
	Fig. B.—Pieces of paper of various forms fluttering to the ground.
	Fig. 9.—Drawings, after Lilienthal, showing feathers opening to let the air through on the up stroke (upper drawing, and closed to hold the air on the down stroke (lower drawing).
	Fig. 9 A.—Gull in flight. On the down stroke the gull’s wing has turned over, showing the under side, thus giving a shove forward.
	Fig. 10.—Flight of golf ball with “slice.” The shading shows where air is piled up by the ball as it spins and moves forward, and this accumulation makes the ball sheer off to the right.
	Ground Fig. 11.—Regular flight of golf ball: a pocket of condensed air, shown by the shading in the drawing, keeps the ball up.
	Fig. 12.—Action of stroke of tennis racquet, giving spin to the ball and making it drop quickly over the net (exaggerated). On the right, section of racquet and ball before the stroke, arrow showing direction of motion of racquet.
	Fig. 13.—The cryophorus. The lower bulb,. which is empty, is immersed in liquid air. The upper bulb contains water which quickly freezes.
	FIG. 14.
	PLATE IX. The right-hand figure shows erosion in a portion of an early propeller blade of the “Mauretania.” Notice the small bite in the edge of the blade shown in full in the left-hand figure.
	Photograph of the cavitations formed by a propeller in the experimental tank of the Parsons Marine Steam Turbine Co. The propeller is the disc-shaped object at the left centre of the photograph. There are three blades on it, and each is leaving a corkscrew line of bubbles in the water which goes past the blade. We can see where the spirals begin at the screw. [Reproduced by courtesy of the Manganese Bronze and Brass Co., Ltd.
	Fig. 15.—Parsons’ water hammer.
	Fig. 16. The small drops are almost perfect spheres. The large drops are flattened out.
	Fig. 17.
	Fig. 18.—Water heaped up against glass wall which it wets.
	PLATE X A. A large drop of liquid orthotoluidine floating in water on a layer of brine. B. One bubble rests inside another, but as in Fig. 21 and for the same reason the two do not coalesce.
	Fig. 19.—Glass plate at bottom of dish containing mercury. The plate is shown slightly lifted from the bottom, in order to illustrate the refusal of the mercury to enter the vacuum so made.
	Fig. 20.—A loop of very fine cotton is floated on the soap film, and the part of the film inside the loop is touched with a hot needle. Instantly the loop flies into a perfect circle. (By courtesy of Prof. C. V. Boys.)
	Fig. 21.—Two bubbles in collision. The two bubbles are pressing each other, and may be rubbed on each other, but do not coalesce, because their liquids do not mix; it is only the inactive ends of chain molecules that come into contact. (By courtesy of Prof. C. V. Boys.)
	Fig. 21 A.
	PLATE XI A. Circles cleared by minute drops of oil. B. The camphor boat. A small piece of camphor is fastened at the stern of a very light boat, and as it dissolves in the water the solution forms a film on the surface. It is so eager to do so that it drives the boat away so as to make room for itself. If a little oil is put on the water and makes a film all over it, the boat stops. If the oil partly covers the water, the boat stops as soon as the ruler which is held by the -operator in the picture is pushed so far forward that the oil covers the surface left to it.
	Fig. 22.—Greased sieve. (By courtesy of Prof. C. V. Boys.)
	PLATE XII A. Stormy water. B. Oil stilling the storm. C. Grape in soda water. A and B. The blower raises a storm and the waves run along the tank. A drop of oil stills the waves at once, and the water surface becomes level. Notice the blank space in B. After a while, the oil is blown to the end of the tank, and then the waves rise again. The photographs have been retouched so as to bring out the reflection of the light by the waves. C. The grape and the greasy glass sinker are carried to the top by bubbles; the clean glass sinker has no bubbles and stays at the bottom.
	Fig. 23.—Two hollow glass balls floating in mercury. The pressure at Q is less than the pressure at R because it is at a higher level in the water. The pressure at R is the same as at S, because R and S are on the same level. The pressure at S is that of the atmosphere, which is the same as the pressure at P. Hence the pressure at P is greater than the pressure at Q, and the one glass ball is forced toward the other.
	Fig. 24.—Two greased glass balls floating on water. The pressure at P is greater than that of the atmosphere and therefore than that of Q, and the balls are forced together.
	Fig. 25. The left-hand ball is wetted by the water; the right-hand ball is greased and is not wetted. The pressure at P is greater than that at Q, and at P' greater than at Q'. Thus the balls are forced apart.
	Fig. 26.
	Fig. 27.—Models illustrating screw structure. A. One sort of peg: i. e., every peg is like every other, and all point the same way. B1 and B2. In each of these there are two sorts of peg: i. e., one lot of pegs pointing to the right and one to the left. Two varieties of arrangement. C1 and C2. Three sorts of peg: pointing in three different directions. The two arrangements C1 and C2 give a right-handed and a left-handed screw, respectively.
	PLATE XIII. Crystalline forms. A. Sulphur trioxide crystals which have grown from vapour in a glass vessel. B. Erythritol crystal, grown from solution. C. Ammonium chloride: ideal and distorted cubical crystals from solution containing urea. D. Crystal forms: Quercite: Cocosite. E. Crystal forms: Alizarin; Rubidium alum; Sodium chloride; Ammonium cobalt sulphate: Phthalic acid. F. Ammonium chloride: fern-leaf crystals (octahedral) and cubical crystals from solution containing urea.
	FIG. 27 A.
	Fig. 28.—The thermostat. The temperature of the bath in which stand the bottles containing the growing crystals must be free from sudden and irregular variations, and must be slowly lowered day by day. The temperature is maintained by an electric heater: if it rises too high the current is turned off through the expansion of the liquids in the large thermometer which also stands in the bath. The rise of the mercury closes a circuit containing an electromagnet which pulls the switch. The clock is all the time lowering—very slowly—a wire to meet the mercury in the thermometer, so that the temperature at which the heating coil is turned off is being steadily diminished. The heater is at the bottom of the bath, and a stirrer is just above it.
	Fig. 29.—Space lattice.
	Fig. 30.—Size and dimensions of the unit cell of the quartz crystal in hundred-millionths of a centimeter.
	Fig. 31.—An atom group is associated with each point of a lattice.
	PLATE XIV A. Diamond model. The model shows only the arrangement, and says nothing about the size or shape of the carbon atom. B. Wall-paper. The unit cell is outlined in two ways: (a) by thick lines, (b) by thin lines. The shape and content of the cell are exactly the same in the two cases, although the corners of the two cells are chosen differently.
	Fig. 32.—Reflection of X-rays.
	Fig. 33.—The law of reflection of X-rays.
	PLATE XV [By courtesy of Joseph Asscher & Cie. A. The Cullinan diamond split into three pieces. It was originally as large as a small fist. [By courtesy of Joseph Asscher & Cie. B. The table and tools used for splitting the diamond.
	Fig. 34.—Hexane.
	Fig. 35.—Hexahydrobenzene.
	PLATE XVI. A. The layers of the graphite crystal. (a) and (c) are similar in all respects, but (b) is like (a) when turned round through two right angles in its own plane about any such vertical line as is drawn in the figure. B. Possible forms of the benzene ring (see p. 164). No hydrogens are shown.
	Fig. 36.—Toluene.
	Fig. 37.—Bromotoluene.
	Fig. 38. Naphthalene and anthracene.
	Fig. 39.—Unit cells of naphthalene and anthracene, drawn to the same scale. Figures in Angstrom units: see p. 156. OA OB OC Naphthalene 8.34 6.05 8.69 Anthracene 8.58 6.02 11.18
	Fig. 40.—Showing mutual relations of three naphthalene molecules and parts of others.
	PLATE XVII. [By courtesy of the Chief of the U.S.A. Weather Bureau. Snow crystals of various forms. (From Monthly Weather Review, U.S.A.)
	PLATE XVIII. [By courtesy of the Dept, of Scientific Research of the Admiralty. A. Snow crystals. (From the Monthly Weather Bureau, U.S.A.) B. Ice flowers growing on the ice floes. C. Bundle of irregular prisms. (From “The British Antarctic Expedition, 1910-1913.”)
	Fig. 41. The hexagon represents a magnified section of an ice prism. ABCD is a ray passing through it.
	Fig. 42.—Shows how the ice halo is formed. For a description see the text.
	PLATE XIX. The first picture is clue to Mr. G. A. Clarke, and is taken from Mr. F. J. Whipple’s article on Meterological Optics in the “Dictionary of Applied Physics,” Vol. III., p. 529 (by courtesy of Messrs. Macmillan & Co.). It shows a halo and mock suns. The second picture is from an interesting original sketch in the possession of the Royal Institution: it shows the halo and the “sun-pillar.”
	Fig. 43.—Model showing the formation of the ice halo. S, J, E should be in the same straight line.
	Fig. 44.—Flat disks, and prisms some of which end in disks falling through water in a tall jar.
	Fig. 45.
	Fig. 45 A.—This illustration of the “flowers of ice” is taken from the original sketch in Tyndall’s Heat. It represents a certain stage in the growth of the flowers; at a later stage the whole screen is covered with interlacing figures.
	PLATE XX A. This is due to Agassiz. It shows that the mass of glacier ice is an agglomeration of smaller blocks in which, when first laid down, the ice flowers would be in a horizontal plane. The blocks have now been heaved into various positions, and the flowers are seen some edgeways, some in full face, and in various other positions. B. The model is made of balls of two colours, the white representing oxygens and the black hydrogens. C. A smaller section of the ice model, showing the grouping of the oxygens and hydrogens.
	Fig. 46.—Arrangement of atoms in ice structure.
	Fig. 47.—Wire cutting through ice (from Tyndall).
	Fig. 48.—Ice molds and the making of a cup (from Tyndall)
	Fig. 49.—A set of planks arranged as in A would bend under a weight. Set up on edge as in B, they would bend far less. If arranged as in C, stuck together by some very viscous substance, they would yield gradually and continuously.
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	Fig. 50.—Chain from diamond.
	PLATE XXI. A. Model of a hydrogen chain, pentane, containing five carbon atoms. The larger balls represent carbon atoms, the smaller hydrogens. B. An X-ray spectrum of the hydrocarbon containing 18 carbons obtained by the method shown in Fig. 52. (Muller.) C. The model shows the arrangement of the sodium and chlorine atoms in rock-salt: the dark balls represent sodium, the white chlorine, or vice versa. Only arrangement is shown : there is no attempt to show the size or shape of the atom.
	Fig. 51. Diagrammatic arrangement of the molecules in the layers of a substance like stearic acid, or a hydrocarbon such as pentane.
	Fig. 52.—The method of making the X-ray spectrum of a hydrocarbon. The X-rays from X pass through a limiting slit at S, and if the layer, which has been pressed flat on the glass plate P1P1 is at the proper angle for reflection, there is a reflection pencil, CR1, which makes an impression on the photographic plate at R1. If the plate is turned sufficiently there is another reflection, R2, when the plate occupies the position P2P2, and so on.
	PLATE XXII. Two photographs of aluminium: the surface has been prepared so as to show the different crystals. The crystals scatter the incident light differently because they are set in different ways, and the surfaces exposed by treatment arc therefore different in nature. In one figure the scale has been reduced somewhat from the natural size, in the other considerably-enlarged. (From a by Carpenter and Elam, read before the Institute of Metals, Sept, 1920.)
	PLATE XXIII. [By courtesy of the University of London Press, Ltd. The photograph shows the irregular outline of the crystal grains in a sample of steel, and, in addition, a criss-crossing of lines within each grain, known as “Widmanstätten lines.” These last are due to the fact that the polishing tool has cut across the “atom layers,” in much the same way as polishing cuts across layers of mother of pearl. (From Belaiew’s “Crystallisation of Metals.”)
	Fig. 53.—A close-packed arrangement of balls in one layer.
	PLATE XXIV. A. Small groups of shot are in close packing, and there are irregular gaps between the groups. B. A pyramid, built by the super-position of layers like that of Fig. 53.
	Fig. 54.—In A is shown the arrangement of the layers as seen by an observer looking along a diagonal of the cube of Plate XXV A. The black spot represents the ball at the corner. The small circles represent the six balls in the next layer, and the crosses the fifteen in the next layer. In B the arrangement is as seen by an observer looking down on Plate XXV B from above. The nineteen black spots represent the balls in the top layer, and the twelve small circles the balls in the next layer. The third layer is like the first, the fourth like the second, and so on. The repetition is after every second layer; in A it is after every third.
	PLATE XXV. A. Cubic packing. B. Hexagonal packing. (From Pope’s “Modern Aspects of the Molecular Theory.”) A shows how balls are packed together to form a cube. It is exactly the same packing as in Plate XXIV B. The close-packed layers of Fig. 53 are horizontal in Plate XXIV B, and in A they are perpendicular to a diagonal of the cube. B shows the other form of close packing. Each horizontal layer is a close-packed layer of Fig. 53.
	Fig. 55.—The two blocks are stuck together, but can slide over each other. When pulled they change in relative position from (a) to (b).
	Fig. 56.—This figure represents in the form of a diagram the slipping on one another of the layers of the aluminium crystal.
	Fig. 57.—The top layer, as a unit, might be more easily pulled through from position A, through B, to C, if the pull were along P, than if it were along Q.
	PLATE XXVI. These photographs are due to Professor Carpenter and Miss Elam (Proceedings of the Royal Society, A., 100, p. 346). They show the yielding of aluminium under strain, the part finally giving way being a single large crystal, in the narrower portion of the test piece. In (1) and (2) the slip planes are disposedto the observer—like the layers of Fig. 56. The test piece has contracted sideways, and finally developed a waist, as the picture shows. There is no thinning from back to front. In (3) and (4) the reverse has taken place before the break: the width has remained the same, but the material has grown thinner (this cannot be seen in the photograph).
	PLATE XXVII. [By courtesy of the University of London Press, Ltd Damascus blades. (From Belaiew’s “Crystallisation of Metals.”)
	PLATE XXVIII. [By courtesy of the University of London Press, Ltd. The long needle-shaped bodies are cementite crystals forming part of the general mass of steel. (From Belaiew’s “Crystallisation of Metals.”)
	PLATE XXIX. A. Section magnified a thousand times and showing the cementite needles in process of being broken up and rounded off. (From Belaiew’s “ Crystallisation of Metals.”) B. The dark band is a scratch made by a very fine needle in a polished piece of speculum (mirror) metal, highly magnified. The fine vertical scratches are made by emery powder in polishing. Many small particles have been torn up and deposited in the trough made by the needle. (From Beilby’s “ Aggregation and Flow of Solids.”)
	PLATE XXX. In A a piece of speculum metal, after being rubbed with fine emery, has been polished with rouged leather. The metal has been dragged over the emery scratches; there is a reminiscence of butter spread on bread. In B the polishing with rouge has been carried further; the emery scratches have disappeared, but the outlines of the grains in the metal begin to appear. (From Sir George Beilby’s “Aggregation and Flow of Solids,” by courtesy of the author.)
	PLATE XXXI. In A the metal has been etched with acid; the “flowed” parts have been readily attacked and removed, the grains now show up very clearly. In B polishing has begun again. (From Sir George Beilby’s “Aggregation and Flow of Solids,” by courtesy of the author.)
	PLATE XXXII. A. The resistance of the pure metal coil in the same circuit as the Shining lamp has been reduced by surrounding it with a freezing mixture. B. The iron wire is stretched by a hanging weight; its expansion and contraction are magnified by the lever arrangement. The wire is heated by passing an electric current along it.
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