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  Propelled by the helter-skelter cascading of gaseous compounds, mixtures, molecules and free atoms, a single hydrogen atom is thrown apart from the vent of a bubbling charging car battery in the turbulent engine compartment of a speeding car. With a rush of wind the hydrogen atom is carried free into the air of the countryside beside the interstate highway. The atom has just been released from a compound of hydrochloric acid in the car battery, a short involvement of only two years total since its last free state. The car quickly disappears and the last circle of wind throws the atom high above the pasture where it drifts westward twenty feet from the ground. Within seconds two other atoms ricochet simultaneously into the hydrogen atom and instantaneously form a molecule. The atom’s free state is quickly over. One of the new associates is another hydrogen atom, the other oxygen. The new unit is a water molecule. The brand-new molecule zig-zags upward in a late afternoon thermal current.


  The season is dry; the air contains few water particles and molecules. But despite the relative isolation, other molecules of water bounce about on the upward float; when they pass within a short range of each other they immediately unite. Molecules join molecules and the new grouping becomes a distinguishable speck of water, sedately drifting a thousand feet above a field of alfalfa. The sun sets, the air cools, the moisture gathers and the speck of water grows so large with the new additions that it can no longer stay aloft; it falls.


  In the early morning of the next day a sphere of dew containing the hydrogen atom rests on an alfalfa leaf. More water particles soon join it, and the droplet rolls into the earth. The day heats up and most of the moisture near the surface of the pasture breaks down into water vapor again and lifts off. Our hydrogen atom, though, is contained in a molecule that drops farther into the soil. There it resides for three days until a searching root hair from a nearby alfalfa plant pushes through the air pockets between the soil specks. The root tip builds cell upon cell in linear pulses; each cell brings the tip about a ten thousandth of an inch closer. The root hair makes contact with the moisture-bearing soil and rapidly imbibes the molecule.


  For the next five hours the hydrogen atom is shuffled into and out of complex and simple compounds and moved through two and one half meters of sap conduction tubes. Finally it rests in a molecule with six carbon atoms, six oxygen atoms, and eleven other hydrogen atoms in a viscous liquid compound called glucose. Our atom occupies a molecule at the backmost edge of the third leaf from the top of a large but unhealthy alfalfa plant near the southernmost comer of the field.


  July moves into August and August into September. The alfalfa is harvested, dried, bundled, and lofted in the barn. The alfalfa leaf is eaten by a cow in February. During the hours after being eaten, the hydrogen atom is liberated and reabsorbed in a volley of chemical processes and movements called digestion, absorption, circulation, distribution, and utilization. By that midnight, the atom is firmly lodged in a compound in the wall of a newly formed hair follicle deep inside the hide covering the cow’s flanks. The hair grows over the winter and drops out in the mud of the spring pasture. Sun, warmth, moisture, and bacteria break the hair down again in decay and an eddy of wind picks up the bouncing liberated hydrogen atom above the barnyard.


  These interludes are short with the haste of organic life. Stone, however, can trap an atom for billions of years. The atom’s travel then comes about only through the changing conditions of the earth’s surface. The possibility of an atom’s early release thousands of feet beneath the earth’s surface is very slight.


  Atoms are the smallest group that defines material substance. Within the composition of the atom the characteristics of materials are determined. The atom is the block for building the elements. Atoms are very sound units, able to remain intact through almost any onslaught of forces that they encounter: heat, chemical reaction, and electrical charge. Most atoms are stable enough to last through innumerable years. Some of the time is spent alone as independent unassociated atoms adrift in space. Some atoms spend more time independently than others for they have fewer compatible associates, other atoms with which they would readily join. Some quick joiners like carbon and oxygen may pass through a nearly infinite procession of materials in a spiralling cycle of growth and decay and growth again. The materials are formed and proceed through their limited existence to eventual dispersement and destruction, and the atoms go round and round. (1)


  “Material definition stops at the atom but matter can be traced on down into ever smaller composites. When followed into inner space the sub-atomic specks of matter (electrons, protons, and an increasing number of newly discovered particles) continue to be found to be divided and subdivided into what may be an infinite process of dimunition. Matter may be impossible to identify from a point of origin. There may be no coherent particle upon which all that we know as substance rests. The space between the disappearing matter, though, is totally coherent, a continuum from the infinitely small in a consistent flow into and beyond the universe. Ultimately space may be more a reality than matter, matter may be negative, accumulations of holes adrift and in suspension in the solidarity of space.


  We must, though, operate within our own range of acceptance. We know that matter is divided into three states and within our own time span our perceptions are reality. The three great divisions of matter are: liquids, solids, and gases. Perhaps the best way to perceive the three states is as a blend and to see matter from the inside and thus regard it in time and space.


  At temperature above 3,000 degrees C. iron becomes vaporous. The molecules of iron are so charged with thermal energy that they cascade through space and would dissipate if not contained. Iron in this gaseous state contains so much space that it is difficult if not impossible to see. It weighs in the milligrams per cubic foot, has no form other than that of its container, and its volume is impossible to determine, for it is infinitely expandable. When cooled below 3,000 degrees C., iron vapor will precipitate and condense, reducing the space between its molecules as they become less active and fall in closer on one another. From about 3,000 to 1,500 degrees C., iron is in a liquid state. The volume is greatly reduced for a given quantity of matter, and this more gentle molecular activity results in a coherent liquid mass. At about 1,500 degrees C. the iron begins to crystallize. As molecular activity continues to decrease, space continues to shrink between the molecules; the crystalline latticework forms and the material is said to be a solid. The molecules, though held relatively firmly within their geometric interlocking, still vibrate with excitement with the reminiscence of their thermal energy. In theory, if heat continues to be drawn from the material, more space is eliminated from between the molecules as molecular activity slows to a point of no movement at absolute zero, perhaps an impossible state to reach.


  [image: 1-1 All materials exist in one of the three states of matter. Temperature and pressure regulate their disposition at any given time. Many substances are capable of passing from a gas to a liquid to a solid within a few degrees of temperature change. At normal atmospheric pressures water is gaseous or vaporous at about 100° C. (212° F.), liquid between 100° C. and 0° C. (32° F.) and solid below that temperature. Not many substances can change so dramatically with such little temperature change. Other materials may ignite at room temperature like phosphorus; still other substances we have come to regard as liquid, like mercury, are in actuality a melted metal, only solidifying at minus 38° C.]
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  [image: 1-2 Solid unheated iron that has been squeezed under very high pressure flows like a semi-liquid. This drawing was made from a photograph of a polished section of iron which was deformed between two dies, then etched with a diluted solution of hydrochloric acid to reveal the fibrous bands of iron as they push one another toward the opening in the die, the point of least resistance. Iron is not homogeneous, but consists of many compounds and impurities which the pressure and flow form into stratifications called “Luders” bands.]


  1-2 Solid unheated iron that has been squeezed under very high pressure flows like a semi-liquid. This drawing was made from a photograph of a polished section of iron which was deformed between two dies, then etched with a diluted solution of hydrochloric acid to reveal the fibrous bands of iron as they push one another toward the opening in the die, the point of least resistance. Iron is not homogeneous, but consists of many compounds and impurities which the pressure and flow form into stratifications called “Luders” bands.


  Grasping the unity between these three states is often more revealing than defining their differences. The world as we know it is a whole and all its parts respond to the same earthly laws; all substance about us has the same physiochemical basis; all particles of matter are moulded by the same physical laws. The structural unity is time.


  Given enough time all matter is fluid. Geology, the study of time and matter, sees the rigid structure of the earth’s surface heaving, shrinking, folding, and sliding like a frantic bedsheet in the wind. The geologist’s view is from the billion year point, past which the panorama of the land forms flash. The granite mountain range is a momentary wrinkle not there yesterday and gone tomorrow. Deep within the earth’s crust round pebbles turned under, after a millenium above ground, by the thrust of subterranean plates become bound in solidifying clay. The round pebbles of solid crystalline rock flow under vast pressures into ellipses and then discs as billions of years squash them into different compositions and shapes in the metamorphic environment.


  The flow of solid material can also be described in hundreds of years. Glaciers of compacted ice flow like rivers, expressing their hundred-year minutes. Old church windows slowly ooze down to their bottom sides where the colored glass gathers over the centuries. The grain in a tree’s growth is chronicled in tens of years as it flows around knots and hollows as the tree moves its structure to follow its shape. (2)


  As they flow from one form to another, different materials often respond in the same way when subjected to a similar action. A block of steel clamped beneath the cutting tool of a milling machine will reflect familiar patterns as the cutting arm moves back and forth over the surface of the block. Each cut takes a shave of steel that folds back like the wave of soil from the leading edge of a plow and the bow wake from a boat moving through the water. If time were disregarded, the materials of the earth’s surface could be seen to cascade, flow, creep and ooze from a position of resistance to gravity into a position of acquiescence. Their speed of movement is determined by their resistance to the pull of gravity, or their relative solidity.


  The result of all the vast geological powers in action is movement of the materials of the earth’s outer crust to a position either up or down. The up movement is usually violent and massive. Sheets of earth thousands of feet thick fold and buckle into mountain ranges, like a shifting, breaking ice field. Pockets of liquid rock burst into sight and harden into conical volcanoes and islands. The action is quickly over and the results are impressive. The down movement and the leveling process, though, are always the final expression. They are seldom exciting and often scarcely detectable in their slowness. Water cloudy with a suspension of clay moves in trickles and lazy currents on great rivers to places hundreds of miles away to deposit the bits and specks of debris only a few feet lower than their points of origin. Sand, pebbles, and boulders roll along the bottom of river beds and slide down the sides of valleys. A ragged colluvium can-yonside spread with sand, clay and rubble rock of all sizes imperceptibly creeps down the slope maybe no more than six inches a year. An ice age granite monolithic boulder dropped in a small bottomland plane by retreating ice sinks one half foot in three thousand years.


  If the inner discontent of the earth were to be satisfied and the mountains stop their building, the wind and rain, the ice and sun, the plants and animals would, with slow but deliberate industry, wear all the high peaks, the plateaus and high pastures into the low places: the ocean trenches; sea floors, and river valleys. Eventually there would be no high and no low; all would be equal and level. (3)


  [image: 1-3 The machining of steel is dependent upon the ability of the material to flow. Pictured here is the leading edge of a cutting tool slicing five-thousandths of an inch from the surface of the steel workpiece. At the leading point of the cutting tool the cut material is separated and forced to flow up to form the spiralling chip. In clean smooth cutting it is essential that the chip clears the cutting zone to reduce friction, stress, and heat. At times when the tool is at an improper angle or dull, the tool “loads,” which is the piling up of the cut material in front of the cutting edge. This action inhibits cutting and what is known as “smearing” results, a tearing roughly at the surface of the work.]
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  [image: 1-4 To the left are crystals of sugar (C12H22O11) and to the right is a single pigment cell of frog skin. In some ways both are typical of the categories they represent, mineral and organic. The sugar crystals begin their growth at a single point and build out in a radial direction. The individual crystals add layer upon layer to build their substances. The forms are of straight line and sharp angle. In the case of the frog cell, however, all the growth takes place within the boundaries of the cell wall, the growth pattern is more random, the form is rounded with curved lines. Sharp angles and straight lines are seldom seen in organic forms.]
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  [image: 1-5 If the wall of a soap and water bubble could be sliced to reveal its cross-section it would look something like this. Because of a very unstable situation the membrane is in a state of frantic activity as an equalization is underway. Bodies of denser compounds swirl along the membrane center, convection currents from heat differences eddy through, water containing less soap spreads and air moves about the outside of the bubble, pushing particles before it on the bubble’s surface. The center of the membrane is denser than the rest and so moves as a separate layer. Surface tension holds the whole system intact, the molecules on the inside attract the surface molecules which causes them to move inward. This constant movement of surface molecules to the interior causes a shrinkage, squeezing the bubble membrane thinner, effecting a surface tension. All this activity continues until one portion grows too thin, and the bubble bursts.]
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  [image: 1-6 This drawing represents a rather typical situation of unspecialized cell wall structure. The walls are formed under a very strict set of physical conditions. Surface tension is one such phenomenon. Organic material is generally in a liquid state during the formation process. The energy from one surface attempts to transfer to the next and so equalizes. The result is a tendency for the cell wall to form an equalangular three-way intersection, resulting in the six-sided figure and the hexagonal pattern. With more specialized cells, like nerve or muscle cells, the function dominates the form. See chapter seven for more explanation.]
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  These processes, the taking apart and diminishing and the building and putting together, help cause the evolution of form into its vast variations. The first division of form control under the criteria of material comes from the influences of addition and those of subtraction. The second branching is between organic and chemical, and each goes through this growth and decline stage which affects its form in distinct and different ways.


  The expanding organic form is usually a smooth rounded surface, with one edge flowing into another. The organic form is developed from the inside, as a balloon growing larger with compressed air. The adding of new material occurs within the organism: inside the tree’s bark, leaf’s surface, and human skin. The organic surface is pushed out in its attempt to contain the expanding substance bumping out from inside. A fresh green pea first out of the pod has a tight translucence to its polished surface. Growth compresses organic material into containers like feathers stuffed into a pillow. The inside is in compression, but the outside is in tension, and it is this stretch of the surface that is the key to the forms of organic origin.


  To reconstruct the logic in the building process of the organic form it is necessary to digress temporarily to the explanation of the phenomenon called surface tension: an insect will drift upon the surface of a still lake with its legs, wings, and antennae denting pockets and hollows into the water’s surface without becoming damp, for there is an invisible “skin” between the insect and the body of water beneath. This same skin makes it possible for water skeeters and other insects to skate and run upon the water’s surface. Droplets of dew will stand on grass leaves and rain drops on a freshly waxed automobile by the same mechanism. The extreme outside edge of any liquid is in constant state of energy transfer. The molecules on the surface are attracted by those just beneath, and so are continually attempting to move from the outside to the interior.


  The apparently placid surface of a soap bubble is actually in a state of frantic activity as the molecules dash madly between the three layers that comprise the thickness of the bubble: the inside surface, the center, and the outside surface. The two surfaces are in surface tension. The movement from the outer surface causes a continual surface shrinkage to take place, in effect tightening “skin” across and around the liquid. If the liquid is a raindrop, surface tension attempts to make that drop as spherical as possible as the outside shrinks.


  Over a large body of water, surface tension exerts an insignificant effect, for gravity acting on the sheer volume overwhelms this molecular action. As the volume of liquid decreases, the proportional force of surface tension increases. Though small things will be supported on the surface tension of a large mass of water, the mass is not contained by it. Small raindrops are more spherical than large ones, and dewdrops are rounder still. The strength of surface tension increases dramatically in minute sizes and becomes a force equal to many atmospheres of pressure at sizes little larger than the molecules themselves.


  The relationship of this molecular action to organic form is immediate and direct. Organic material has an extremely high percentage of its volume in water. When cell walls are formed they are in a viscous liquid state. The organic cell is small and the cell wall smaller still. Because of these minute sizes, cell formation is greatly influenced by surface tension. Surface tension would have only an insignificant effect upon a form as large as human being or a cow, but it has an overwhelming effect upon their cells, which in turn influence the form of the entire organism, and so the forms of animals and plants are controlled by surface tension acting upon their cells.


  The kind of control surface tension exerts upon cell formation is this: when water is observed inside a glass container it can be noted that the outside perimeter of the water turns up at the edges to meet the surface of the glass, or when two bubbles intersect, their points of intersection blend into each other. Surface tension is an energy that is always seeking an equalization. It attempts to blend forms together and distribute the energy as evenly as possible; there is never a sharp comer found in liquid formation. When cells are formed, they are well blended into each other; each intersection is rounded at the comers as the forces of surface tension on each wall balance themselves, and so affect the cell wall form and in turn the cell and organic tissue.


  We will be examining some other implications of surface tension in Chapter Seven, Teleology.


  In contrast, the forms of mineral growth are angular with flat faces and sharp edges. Mineral growth is on the outside. Like a mason laying brick upon brick the mineral wall is erected in flat layers with sharp comers. All the activity is exterior; nothing happens on the inside after the substance is set in place. This type of angular growth can be seen from the smallest crystals of a few millimeters in size to the ragged granite cliffs of a great mountain. This angular form is, however, only characteristic of the original building process. Rocks can be found that are as smooth and rounded as potatoes. But these rounded shapes result from wear and weathering, the changing and removing of material from the mineral form. The potato rocks can be broken to reveal their angular structure within.


  As surface tension helps produce the form of the organic cell and so influences plant and animal shapes, in a similar fashion crystallization influences mineral formations.


  If a sprinkling of salt is put under low magnification, the individual grains of salt appear. Each is a crystal: translucent, roughly cubic, and varying in size and regularity. They are slightly battered from being shaken about and bear white opaque scratches on their edges and comers. They look somewhat like miniature ice cubes. If a spot of water is dropped on them they immediately become clear as irregularities melt away, leaving a smooth surface, just as ice cubes become clear when immersed. The hard edges and comers disappear next as the salt goes back into solution. The geometric cube quite rapidly becomes a rounded cube, then an amorphous form. As it continues to decrease in size the crystal becomes more and more spherical. The final remnant of the salt crystal is a disappearing speck almost perfectly round.


  The little watery solution of salt under the heat of the microscope light soon starts


  

  

  [image: 1 - 7 A and B Fresh kernels of corn exemplify the tight skin expansion of growing organic form, pushing out on their exterior coverings as growth and liquids accumulate inside. At maturity the growth stops and the forms soon begin to slacken as the liquids of life recede, dehydrate, leach out through the skin and stem. The solid material is left and the remaining liquids are in thick syrup. The once tight covering membrane wrinkles and shrivels to display the characteristic forms of organic aging, typical in the dried apricots and prunes.]


  

  

  

  

  

  

  

  [image: 1-8 A map of the northeastern coastline of the United States demonstrates the effects of a heterogeneous land consistency and the erosion process of the sea. The surface land mass consists of many clays, sands, rubble stone, decomposed granite and organic materials, but the consistent material is the solid bedrock granite. In this particular area the prevailing storm force is from a fairly constant southeast direction. The back bays are almost entirely bounded by soft materials, lack granite and are in a moderately rapid state of erosion. The headlands and out-board islands are solid granite monoliths covered only with a sprinkling of soil clinging to the top sides. The overall configuration of the coast is typical of an erosion of heterogeneous material with a constant force regardless of size and scope. A heterogeneous alloy of metal corroding or rusting will display a similar type of surface under magnification.]


  

  

  

  

  

  

  

  

  [image: 1-9 A greatly enlarged sectional view taken of the intersection of two steel parts held firmly together without any lubrication between. The irregular blocks are molecules. Steel is a highly heterogeneous substance consisting of hard and soft areas, granules, impurities, a matrix of graphite, ferrite, carbon, and other elementary particles depending upon the blend and purity. This mixed composition results in the vast range of properties of iron and steel. The surface of these contacting parts in the drawing is considered to be polished for normal machine use. The actual area of contact between the two pieces is very small, so consequently each protuberance supports an enormous force even in a moderate loading. Often these small contact points will “weld” together from the pressure and heat caused by friction. If these two surfaces were to travel in different directions, an enormous tearing action would result, rending molecules and granules out of place, rolling them between the moving surfaces and tearing more loose. The friction builds temperature, which adds to surface deterioration. These are the conditions of surface-to-surface wear without lubrication.]


  

  

  

  

  [image: 1-10 A and B If it were possible to have a close look at the contact point between a tire surface and a smooth dry cement roadway, it might look something like the first drawing, a situation of fairly good contact between the high points of the road surface and the tire. In a dry state the tread allows the tire surface to deform to better match the road surface configuration. The second drawing depicts a wet condition at a high speed of tire travel. The surface of the tire actually rides up on the water, only making contact with the high points of the roadway. This action is called hydroplaning. In this situation the treads act as a water escape, helping to drain off the surface water. The water has the same action as a lubricant.]


  

  [image: 1-10 B]


  [image: 1-11 A and B The purpose of lubrication is to reduce the surface to surface contact of moving parts by interposing a layer that is not easily penetrated and has a low shear strength, or is, to varying degrees, viscous. The phrase “reduce contact” is used because no common lubricants are truly successful; there are always irregularities that penetrate the lubricant and make contact with the opposing surface and instantaneously “weld” together. Lubricant failure is caused by the force of the two surfaces coming together. This force varies from point to point. Local high temperature and sliding velocities also cause film breakdown. There are three common types of lubrication: boundary, thin film, and hydrodynamic. This illustration shows two: “A” is Boundary, and “B” is Hydrodynamic. The third type, thin film, is a combination of boundary and hydrodynamic. Boundary (A) depends on minute quantities of lubricant coating the moving parts. It is used with most fast moving machinery such as car engines. Boundary lubrication is usually a thin oil. Hydrodynamic lubrication (B) builds up a volume of fluid that physically separates the moving parts under pressure. Hydrodynamic lubrication is used in slower moving parts such as the steering and suspension of a car and farm machinery. The lubricant used is a thick grease which will remain in place. Both of these lubricants make movement easier by leveling off the imperfections, which effects a smoother surface. If two microscopically perfect surfaces (a practical impossibility) came in contact, no lubrication would be necessary for they would slide friction-free on their smooth surfaces. Dry lubricants such as graphite and talc are essentially the same as boundary. The molecules of these lubricants are of very fine grain. They smear between the two moving parts and help to prevent microwelds by coating the parts. Some types of metal, such as grey iron, contain enough graphite to give the metal an inherent wear resistance.]
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  [image: 1-12 Wrought iron and cut timber were the basic materials of early industrial production. They were strong, durable, available and easily worked. Most rural communities developed their own products by themselves from these materials. Some rural artisans developed to a high degree the craft of working wood and iron. Many such craftsmen could be found in the Shaker communities. This latch is a simple but elegant statement of wrought iron artisanship. The Shaker ironsmith who made it not only understood the need of its function as a product, but the qualities of the way the iron works, its strengths and its best forms.]


  

  

  [image: 1-13 Grain is the secret of strength in many things. Pictured is a 4” × 4” section of spruce wood 10” long that was put under a compressive force of eighty thousand pounds. Each column of vertical grain acted as a small pillar, and each reinforced the other laterally. When failure came it started at a weak point and rapidly spread horizontally, each column of grain bending and breaking at three points to result in a pleated effect that reduced the total length of the wood three-sixteenths of an inch. In any situation where the parts that come together have a fibrous structure, or a “grain,” the intersection is increased in strength when the fibers align to the linear direction of the form, or the fibers reflect the shape of the form.]


  

  

  

  [image: 1-14 Early carpenters often cut trees with the limbs left attached to the trunk. When these logs were trimmed square and placed in a structure the projecting branch formed an angle brace at corner intersections. The angle brace was extremely strong because the grain of the wood grew together at the natural crotch. The effect is very much the same as the fibrous grain of the forged iron intersection in illustration #1-15C.]


  

  [image: 1-15 a, b, c. The structural characteristics of materials determine their strengths and consequently their forms, “a” is a depiction of a cast iron intersection that has been poured into its form. The molten iron surges into the casting, then crystallizes and solidifies. The granular quality of the cast iron does not structurally reinforce the form of the piece. Fracture can easily occur in this relatively thin section. Cast iron is tough but brittle and so lends itself better to massive forms, “b” is an intersection comprising two pieces of machine formed steel that have been welded together. The steel has a “fibrous” structure which gives it considerably more shearing strength than the granular structure of cast iron, but the “fiber” is random. It does not correspond to the form of the piece; the welded intersection is adequate but does not align fiber and form, “c” is a forged piece; it has been forced to flow, while in a solid state, into its form. Due to this flow of the solid material this intersection is far stronger than either “a” or “b”.]


  

  [image: 1-16 A and B A blacksmith pounded this poker handle from a solid iron bar into this pleasant curving form in a good example of the workability of wrought iron. Contrast this form with the form of the cast iron fence in Illustration #1-16B. Both express the idiom of the material from which they are made. The wrought iron poker is a good form for the material; the cast iron fence is not as appropriate. Depicted is a section of an old cast iron cemetery fence. These fences were originally copies of Spanish and Moroccan wrought iron work. Though the wrought iron was tougher and more resistant to breakage, it rusted rapidly in the damp northern countries. The cast iron fence was resistant to rust, but was very brittle in these thin sections, and so not rust but breakage ended the fence’s life.]


  

  

  

  

  

  

  
    

    
  


  

  

  

  

  

  

  [image: 1-17 1-17 Animal structure and material is often of more sophisticated compostion than its manmade counterpart. The structure of bone is a harmony of force absorption. The fibers (trabeculae) that constitute the hard sections of bone align themselves to the stress. The shape of long bones is tubular, a form which offers a high strength/weight ratio. Inside the hard bony shell the substance moves from quite hard and rigid near the central shaft (diaphysis) to very soft at the extreme ends, providing the necessary rigidity at the central shaft and the necessary absorption of shock and stress at the ends. This graduation is shown in the drawing above of a human ulna, which is typical of vertebrate skeleton long bones. The graduation from soft to hard is expressed in the following materials: at the socket joint the movement is lubricated with synovial fluid, a viscous medium that lubricates and absorbs shock. The socket is lined with hyaline cartilage, a soft spongy babbitting, saturated with synovial fluid. Calcified cartilage backs up the hyaline cartilage. It is a tougher material, stiffened with mineral salts. Subchondral bone then moves into the shaft. The subchondral bone is yielding and spongy, but harder than the cartilage.]
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