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  TO THE READER.
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  I HAVE been induced to prepare the following pages from a conviction that a work of this kind was needed. No work has been published since the recent great improvements in breech-loading arms; and moreover, though the books of Cleveland, Chapman, Wilcox, and others are standard works, containing a vast deal of useful and valuable information, yet it has been felt that they are too purely scientific to meet the desired end. At the suggestion of a sporting friend of “credit and renown,” I undertook the preparation of a work designed to aid and instruct “the young idea how to shoot.” I have acquitted myself to the best of my humble ability, and trust that it may prove useful and interesting to those for whose use it was specially prepared—the young riflemen of America. I do not claim any great originality, nor do I profess to have propounded any peculiar theories; my object being to compile, in brief and readable style, the views and opinions of those who, from time to time, have written upon this subject. I must acknowledge my indebtedness to the authors above mentioned; to Col. Boucher, Capt. Hans Busk, whose works should have a more extended circulation on this side of the Atlantic; the Text-Book for Schools of Musketry, and that prince of sportsmen and writers, the accomplished and lamented Frank Forrester, besides others of less note, whom I believe have received due credit for anything I may have quoted.

  To the friends who have kindly assisted me, by advice or counsel, I beg to acknowledge my sincerest thanks, more especially to Genio C. Scott, Esq., who by his friendly interest has encouraged me in prosecuting my work.

  I also desire to acknowledge the assistance rendered me by practical rifle-makers and others connected directly or indirectly with the trade, who have extended me every courtesy.

  I am also requested by the publishers to express their acknowledgments to Messrs. Brown, Coombs & Co., of the “American Artisan,” New York, for favors received. These gentlemen (who have devoted a good deal of space in their valuable journal to the subject of fire-arms) very kindly permitted them to take casts from a number of their drawings and engravings, thereby greatly facilitating the publication of the work.

  EDWARD C, BARBER.


  
INTRODUCTION
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  “Shooting is, therefore, as I have said, with one arm or other, the head and front of all American field sports. . . . . ; while every animal which we follow for the excitement of the pursuit, or for the sake of its flesh on the table, from the gigantic moose and formidable grizzly bear to the crouching hare; from the heaven-soaring swan or hawnking wild goose to the “twiddling” snipe, is brought to bag by means of the rifle, or the fowling piece; and to his thorough acquaintance and masterly performance, with one or both of these, in his own line, the rank of the sportsman must be mainly attributed, and his claim to pre-eminence ascribed.”—FRANK FORRESTER.

  THE writings of the above-quoted, popular and accomplished author have exerted a marked influence on the youth of this country; so much so, indeed, that from utter indifference they have been roused to take the greatest interest in the chase. The result of this is, that to be accounted a “crack shot” has now become the ambition of a considerable proportion of our youth, and it will be my endeavor in the following pages to aid and assist in furthering so laudable a desire by a few plain and simple directions, by following which a young man can not fail of becoming a fair shot: after which it depends on nature and himself whether he is ever to attain the coveted distinction of being counted a “crack shot;” for it must be remembered, that like the poet, so with the marksman, “nascitur, non fit.”

  From the earliest ages, every effort has been made to produce and excel in the use of some death-dealing instrument; and it is a curious and interesting study to trace the gradual development of the idea from the rude sling of the ancients down to our own time, when we have the most beautiful and effective weapons; and though great strides have been made during the past few years, we have not by any means yet reached perfection, as is evidenced by the constant study that is given to perfecting the fire-arms at present in use. It will be sufficient for our purpose to commence with the cross-bow, which appears to have been in general use in England about the year 1100, during the reign of Henry I.; as I think that it is the first weapon which was used with a barrel for guiding or conducting the missile. We find that the stock was hollowed out to receive a tube, which threw stone or metal bullets, and consequently received the name of the pebble-bow, or “arc-a-buse;” i.e., a bow which conducts or directs. The same name (harquebus) was given to one of the early fire-arms.

  The invention, or, more properly speaking, the introduction into England, of gunpowder in or about 1346, necessitated the use of some weapon by which it could be utilized; and we read of hand-guns being used at the siege of Arras in 1414, and again at the siege of Lucca in 1430; but they do not appear to have come into general use until 1446. It is claimed by Spanish historians that to Spain belongs the honor of having been the first power to arm the foot-soldier with hand-guns. Various kinds of rude implements were used by different nations during the next 150 years; and the strongest proof of their inefficiency is that the cross-bow was able successfully to contend against them. It was not until 1596 that Elizabeth, by a proclamation, directed that the bows should be changed for muskets. That this was not looked upon as likely to improve the power or prestige of England, is evident from the writings of Michael Montaigne, one of the most remarkable men of the time, who says: “Except the noise in our ears, to which we will be henceforth accustomed, I think that it is an arm of very little effect, and I hope that we shall one day give up its use.” Could his spirit re-visit this terrestrial sphere and see the general use this much-despised weapon has come into, and the marvelous accuracy with which the “hunters of Kentucky” and others can draw a bead, he would find that there was little likelihood of its use being given up. Fire-arms were gradually improved through many gradations down to the present time, when we have an arm of great merit, and of which I will proceed to speak, commencing “de noro” for the instruction of the novice, and later on, trust that the more experienced may find something worthy of commendation.

  Every art of amusement has its own set rules to be known and observed. Even in the acquisition of pleasure, we are so constituted that we must pass through the gradation of regular instruction. Mind must be thrown into every thing before permanent delight can be realized and enjoyed. The art of shooting has, therefore, its maxims and code of rules to be learned and fixed into the judgment and understanding. No man can be a shooting sportsman without obtaining a knowledge of these, either by personal experience or regular tuition, or, more properly and most generally, from both. In accordance with this view of the subject to be treated of, I shall attempt to elucidate its various departments, and in so doing shall endeavor to treat the several points with all possible clearness and brevity, and to impart to the young and aspiring sportsman such a bird’s-eye view of the chief things he has to learn and attend to, as will greatly facilitate his acquisition of the whole art of shooting game of every kind.


  THE CRACK SHOT.
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CHAPTER I.

  ON THE GENERAL PRINCIPLES OF FIRING AND MOTION OF PROJECTILES.

  THE general principles of firing are deduced from the relation of positions existing between three imaginary lines named the line of fire, or projection; the line of metal, or aim; and the line of the flight of the bullet, or trajectory. Though there is a great difference between them, they are frequently confounded one with the other, and the greater the range, the greater the difference.

  By the line of fire, or projection, is meant the axis of the barrel indefinitely prolonged. It is the primary direction of the center of the bullet; a direction which this center would not cease to follow if the bullet were subject to the propelling force of the powder alone.

  The line of metal, or aim, is a straight line passing along the centre of the back sight, and the top of the front one, to the object aimed at. The line thus obtained is called the artificial, in opposition to the natural line, which passes through the highest points on the breech and muzzle of the barrel, and which is also called the natural point-blank range. The line of metal forms, with the line of fire, an angle more or less obtuse, which is called the angle of intersection. In order that the aim should be good, it is requisite that the two points determining the line of metal, and the object aimed at, should be in the same right line.

  The trajectory, or line of flight of the bullet, is the curve described by the bullet in the air, in its course from the barrel to the object aimed at. As long as the bullet is within the barrel, the trajectory is identical with the line of fire; but as soon as it has cleared the muzzle, the trajectory diverges from the line of fire, and this divergence becomes greater the further the bullet is from the rifle. By raising the slide of the back sight, the muzzle of the rifle is elevated, the trajectory of the bullet is raised, and the range increased. By lowering the slide of the back sight, the muzzle is depressed, the trajectory is lowered, and the range of the bullet decreased. The line of fire, with a properly fitting bullet, is constantly above the trajectory, and is a tangent to the latter toward the muzzle.
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  Fig. 1 is a representation of a detachment, the leading part of which is marching uninjured under fire, which, owing to the elevation of the trajectory, is taking effect further in the rear.
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  Fig. 2. The line AD indicates the axis of the rifle; AC the line of sight; and AB the trajectory or path described by the bullet. EF is a horizontal line, on which the shooter is supposed to be standing.

  The line of fire, or projection and the line of metal, or aim, will be easily understood on reference to the diagrams; but the trajectory, or line of flight of the bullet, will require further explanation, in order that the course of the bullet being drawn downward may be clearly understood; and by what forces it is urged from its first direction, the line of fire or projection. It will therefore be necessary to explain a few terms used to designate these forces, in order to the proper comprehension of what is to follow.

  Inertia—A property of matter by which it can not, of itself, put itself in motion, or, if in motion, has no power within itself to alter the direction or magnitude of its motion. A body can not produce action on itself.

  Velocity—The degree of swiftness with which a body moves over a certain space in a certain time. When a body passes through equal spaces in equal times, its velocity is said to be uniform; when through unequal spaces in equal times, it is variable; when through greater spaces in each equal successive portion of time, it is accelerated; and when through a less space in each equal successive portion of time, it is retarded. Accelerated and retarded velocities may be uniform or variable.

  Initial Velocity—The velocity at the instant of the departure of the bullet from the muzzle. The initial velocity of the bullet fired from the Enfield rifle is twelve hundred sixty-five and one-tenth feet per second.

  Final Velocity—The velocity of the bullet at the end of any given range.

  Terminal Velocity—The velocity attainable by falling bodies, which they can not exceed on account of the resistance of the air becoming equal to the force of gravity. From this point, if the air were equally dense, the body would fall at a uniform rate. The terminal velocity of a spherical musket ball is said to be two hundred and thirteen feet per second.

  Relative Velocity is that which has respect to the velocity of another body.

  Velocity of Rotation (initial).—This depends upon the initial velocity and the inclination of the grooves or twist. In order to find the initial velocity of rotation of a bullet, divide the initial velocity in feet by the number of feet in which one complete turn is made by the bullet; thus, the initial velocity of the Enfield rifle being twelve hundred sixty-five and one-tenth feet per second, and the turn one in six and a half feet, the initial velocity of rotation of the bullet, fired from the Enfield, is one hundred ninety-four and six-tenths revolutions per second. The greater the initial velocity, the greater the initial velocity of rotation from the same rifle, and vice versa; therefore, projectiles fired from two rifles similar in all respects, with the exception of their spirality, may be impelled with the same initial velocity of rotation, the initial velocity of the rifle with the greatest spiral being reduced; so that
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  Friction is a retarding force, arising from the parts of one body rubbing against the parts of another. A bullet is more or less retarded in its velocity by friction; in the first place, by its friction on the sides of the barrel, and in the next place by the friction of the air, independent of its opposing force. This effect is produced by inequalities of surface, as in every case there is, to a lesser or greater degree, a roughness or unevenness of the surface, arising from a difference in form, and other causes; and therefore, when two bodies come together, the prominent parts of the one rub against the other, so that the progressive motion of the bullet is retarded, and often driven out of the straight line.

  In the barrel the friction of the bullet will be greatly diminished by lubricating the rubbing surfaces with a greasy substance, for it acts as a polish by filling up the cavities of the rubbing surface, and thus makes the one slide more easily over the other. In the air, the friction, and any tendency to be forced aside, will be greatly diminished by having the surface of the bullet made as smooth and perfect as possible; for an elongated rifle bullet does not roll like a spherical ball projected from a smooth bore, but slides through the air with a spiral motion, dragged, as it were, by the force of its own momentum.

  Gravity is the term used for denoting the tendency to fall to the earth, or rather toward its center. Attraction is also used in the same sense; bodies falling in a straight line have their motion accelerated as they descend. A bullet in its flight partakes of both falling and progressive motion.

  The force of gravity is the tendency of every thing to fall in a straight line toward the center of the earth. In vacuo, every thing falls to the earth at the same rate, but not so in nature. Things lighter than air, in consequence of the pressure of the atmosphere, ascend until they reach the strata of air of the same density as themselves; things heavier than the air descend at rates in proportion to their surfaces and densities; this is caused by the air’s resistance. In vacuo, every thing falls about sixteen feet in the first second, and it has been found by experiment that the fall increases according to the square of the time the body is exposed to the influence of gravitation. Gravity is thus an increasing force, and at the end of the second second will have caused the body to have fallen four spaces of sixteen feet, or sixty-four feet, and so on. A uniformly accelerating force is measured by twice the space described from rest in one second. In dropping a bullet from a considerable height, we find that during the first second of descent it acquires a velocity of thirty-two feet per second. Its velocity at the commencement was nothing, for it began to move from a state of rest; at every one of the instants into which we may conceive a second of time to be divided, it acquired more and more velocity, until it attained the final velocity of thirty-two feet in a second. All these acquisitions of speed are equal in equal times, because the force of gravity is constant, and therefore exerts equal influences in equal times. Had the bullet descended during the whole second at the final velocity of thirty-two feet per second, it would have passed through thirty-two feet of space. Had it retained its initial velocity, which was nothing, it would have descended through no feet; but as the velocity began with nothing and ended with thirty-two, its average throughout the second was sixteen feet per second, and therefore the bullet descends in the first second through sixteen feet. During the second second, the bullet starting with a velocity of thirty-two, acquires an additional velocity of thirty-two, and therefore ends with a velocity of sixty-four feet a second, the average being forty-eight feet per second, and therefore the descent is forty-eight feet in height; adding this to the space descended during the first second, sixteen feet, we find that in the first two seconds the total descent is sixty-four feet, and so on. The velocities acquired in descending are in exact proportion to the times of descent, and the spaces descended are proportional to the squares of the times, and therefore to the squares of the velocities. The resistance of the air materially retards velocities; if it did not, every rain-drop, descending, as it does, from a height of several hundred feet, would strike with a force as great as a rifle bullet.

  Resistance.—In treating of the motion of projectiles, this refers to common air. The air is an elastic fluid which surrounds the earth to a height of forty-five miles; the nearer the earth the greater the pressure of air from the attraction of gravity and the superincumbent strata; so that at the sea level, the barometer standing at thirty inches, the pressure of the atmosphere is fourteen and three-quarters pounds on the square inch. Now, the bullet in its course displaces the air, and this it can not do without its flight being affected. The resistance varies with the velocity in the same body; the greater the velocity the greater the resistance. A body moving with an increased velocity encounters an increased number of particles and impresses upon them an increased amount of force; from this cause the resistance will be as the square of the velocities.

  THEORY OF THE MOTION OF PROJECTILES.

  In early times various ideas prevailed as to the path described by a projectile in its flight:

  1st. That it went straight, and then fell perpendicularly.

  2d. That it went straight for some distance, then in a curve, and then fell perpendicularly.

  3d. That its flight was curved throughout, but according to Tartaglid, in the sixteenth century, so slightly that he compared it to the surface of the sea.

  4th. That it described a parabola, as asserted by Galileo in the seventeenth century, except insomuch as it might be diverted from that course by the resistance of the atmosphere. A parabola is the section of a cone cut by a plane parallel to one of its sides.

  It remained for Robins, in 1742, to point out the actual path of the bullet, for he demonstrated the effect of the resistance of the air, which he stated to be as the squares of the velocities up to twelve hundred feet a second, and this ratio to be trebled after that velocity, in consequence of the vacuum in rear of the projectile. Air rushes into a vacuum at the rate of thirteen hundred and forty-four feet in a second.

  Dr. Hutton, toward the end of the last century, came to the conclusion that the resistance was in a somewhat higher ratio than the square of the velocities (V2) up to fifteen hundred or sixteen hundred feet a second, and that then it gradually decreased, but was never below that ratio.

  The force of gravity having been explained, also the resistance of the air, we will now proceed to consider these forces as affecting the path of the bullet, which, at the instant of starting from its position next the charge, is under the influence of three forces; viz., the exploded gunpowder, the force of gravity, and the resistance of the air.

  We will commence by considering the effect of the first two forces. The bullet, although under the influence of gravity from its starting point, can not commence to fall until it loses the support of the barrel and emerges from it. The bullet, from the impressed force of gunpowder, will travel forward equal spaces in equal times; thus, in the first second from A to B, in the second from B to C, and in the third from C to D; but, in obedience to the law of gravity, it will fall in the first second sixteen feet, BE; at the end of the second second it will have fallen sixty-four feet, CF; and at the end of the third second one hundred and forty-four feet, DG; being at the end of these seconds at the points E, F, G, respectively. Now this is the parabolic curve, which is not generally approached by projectiles, except when moving with very small velocities. The existence of the force of gravity is the sole cause of the course of the bullet being in a curved line, and of the necessity of giving elevation to all arms, varying in an increased ratio according to distance, if this force acted on the bullet in vacuo; but acting as it does in conjunction with the resistance of the air, which greatly increases the curve, the ratio of the elevation necessary is greatly augmented.
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  The general form of the trajectory, under the forces of gunpowder and gravity, being established, we come to the conclusion that if a rifle is laid so as to have its axis horizontal, the bullet that is projected from it will reach the ground in one second if sixteen feet above it; in two seconds if sixty-four feet, and so on, no matter what the charge of powder, or what the velocity with which the bullet is projected; consequently, if several rifles were laid with their axes in the same horizontal plane, the bullets projected from them at the same instant would reach the ground at the same moment, irrespective of their velocities or height above the ground.

  The other force to be considered is the resistance of the air. As previously laid down, the bullet can not proceed through the air without being impelled in its flight. Robins remarks “that he found that when a twenty-four pound shot was impelled by its usual charge of powder, the opposition of the air was equivalent to at least four hundred pounds’ weight, which retarded the motion of the bullet so powerfully that it did not range one-fifth part of what it would have done if the resistance of the air had been prevented.” It has been found by experiments that the greatest range of the common musket, with spherical bullet, fired with the regulation charge, was at twenty-five degrees; yet, by theoretical calculation, it should be forty-five degrees; also that the usual velocity was some five hundred yards per second, whilst in vacuo it would be nineteen thousand seven hundred and ninety-two yards per second. At an angle of from four to five degrees, the real range was six hundred and forty yards; without the resistance of the air, and at an angle of four and a half degrees, it would be three thousand six hundred and seventy-four yards, or six times greater. The retardation, or the effect of the resistance of the atmosphere, varies with the surface, content, density, and velocity of the shot. The areas of spheres are as the squares of their diameters; the contents of spheres as the cubes of their diameters. With two spherical shot of the same diameter, the one of lead, the other of iron, traveling with equal velocities, the retardation of the leaden projectile will be less than that of the iron, and inversely as their densities, or nearly as eight to eleven; the specific gravity of lead being eleven to three hundred twenty-five, that of iron seven to four hundred twenty-five.

  It is a well-known fact that great irregularities occur in the path described by projectiles fired from smooth-bore guns. If a number of spherical bullets be fired from the same gun, under the same circumstances, with regard to charge and quality of gunpowder, and elevation, with the greatest care and from fixed rests, very few of the shot will range to the same distance; and moreover the greater part will be found to deflect considerably to the right or left of the line in which the gun is pointed, unless at very short range. The principal causes of these deviations are windage and the eccentricity of the projectile.

  The effect of the rotation, originating from windage, or from the eccentricity of the projectile, is thus explained by Robins, who says: “This whirling motion of the bullet occasions it to strike the air obliquely, and thereby produces a resistance which is oblique to the track of the bullet, and consequently perpetually deflects it from its course.” The side of the bullet which moves forward experiences an increased resistance, and the opposite side which retires experiences a less resistance than it would if it received no rotation; the consequence naturally is that the bullet is deflected in the direction of the least resistance, which will be in the opposite direction to the deflection caused by the rebound of the bullet from its last impact upon leaving the bore, or in the direction to which the leading surface of the bullet spins. Thus the track of the spherical ball is not the curve depending simply on the three forces; viz., gunpowder, gravity, and the resistance of the air; but becomes a double curve, being deflected to the right or left, according to the position of the center of gravity when the gun is loaded, or according to the rotation acquired by the ball rebounding from the side of the barrel.

  The following excellent illustrations of the accuracy of Robins’ theory of rotation, suggested in the Hythe Lectures, will perhaps convey a still clearer idea of this important law of projectiles:

  If a wooden ball four and a half inches in diameter be suspended by a twisted double cord nine feet long, and receive a rotatory motion as the string untwists, it will revolve in the same vertical plane. But, if it be made to spin while vibrating, it will be deflected to that side on which the action of the whirl combines with the progressive motion.

  By firing through successive and parallel screens of thin but strong tissue paper, erected at equal distances along the line of the trajectory, the amount of the deflection can be observed and measured. In this experiment it will be found that the amount of deflection is not all proportionate to the increased distances of the screens.

  Robins, in order to carry demonstration still further, bent a gun-barrel to the left, about four inches from the muzzle, at an angle to the axis of the piece, of three or four degrees. When a bullet from this bent barrel was fired through a number of screens, it traversed the first screen to the left, but finally struck the target to the right of the line of aim, taken along the straight portion of the barrel.

  All projectiles, except those fired from rifled barrels of sufficient pitch, in consequence of the resistance they meet with from the air when they are eccentric, spherical, or elongated (and they are always one or the other), rotate naturally, the former round an accidental axis passing through the center of gravity, and the latter round the short axis, also passing through the center of gravity; so that at first sight it would appear advisable, if possible, so to construct projectiles that they might rotate round an axis in the natural direction. It must be remembered, however, that the rotation, to correct the flight of the projectile, should be round an axis coincident with its initial direction; any rotation in any other direction acts as a disturbing force, and causes irregularities.

  The object of rifling is to give such a rotation to the projectile as to insure its stability for the longest ranges; the longer the bullet the less the stability, and consequently the greater the rotation required. If the rotation becomes too weak at any part of the range, the bullet will wabble, perhaps turn over, and deviation must ensue.

  It was thought formerly that a rapid twist would be detrimental and decrease the velocity; but this has practically been disproved. A high initial velocity and a rapid rotation can be given without causing any injurious effects, except that the greater the velocity of rotation with the same velocity of translation, the greater will be the drift.

  A quick twist will undoubtedly necessitate a stronger barrel than a slow one; but this may be arranged in small arms, without increasing the weight, by the description of metal of which the barrel is constructed. The more rapid the twist, the more the ricochet will deviate; the velocity of rotation, being much less than that of translation, diminishes but slowly; while the resistance of the air, being proportional to the squares of the velocities, diminishes rapidly the forward motion of the shot.

  The velocity of rotation to be imparted to a shot is influenced not only by its length, but by other considerations, which we will now proceed to discuss.

  The greater the density, the less will the velocity of rotation be impaired by the air’s resistance, and the less will be the rotation required; therefore lead will require a less rotation than iron, as explained in a preceding paragraph.
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  With respect to the position of the center of gravity, an elongated shot having the center of gravity very forward will have but little tendency to turn round its shorter axis (see fig. A).

  If the resistance of the air in front of the center of gravity caused the direction of the longer axis to be moved, it would be counteracted by the resistance of the air acting on that part of the bullet in rear of the center of gravity. In this position of the centre of gravity, with a weak rotation, the shot would have the greatest tendency to lower its point, and to keep its axis a tangent to the trajectory, thereby causing the resistance to be kept in the front of the projectile, and the velocity of the shot to be less reduced than if the axis of the shot were kept parallel to its initial direction, and the resistance applied to the whole of its lower surface. With a weak rotation, however, the center of gravity being forward, an irregular motion of the rear of the projectile will generally take place; hence a rapid rotation in this case is necessary.
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  The nearer the center of gravity is to the rear of the bullet (fig. B), the greater the rotation required to keep the bullet point first; for while the resistance on that part of the bullet in rear of the center of gravity is much reduced, the power of the direct action of the air on the front of the bullet is much increased in consequence of its distance from the center of gravity and the greater leverage. In this position of the center of gravity the bullet is supposed to retain, or nearly so, its initial direction, unless the rotation is weak, when the bullet will turn over.

  In the case of an elongated projectile whose center of gravity does not lie in the long axis of the bullet, an irregular rotation will take place round an axis passing through its center of gravity, parallel to the long axis; and consequently, the greater their distance from each other, the greater the rotation necessary.

  In windy or boisterous weather a powerful rotation is necessary to keep the axis in its true direction; for the lighter end of the bullet is more easily acted on by the wind than the heavier. If the lighter end were in rear, this part would be pressed to leeward, and the front and axis directed to windward; from the increased resistance on the forward side, the bullet would have a tendency to be driven to windward. If its lighter end were in front, the bullet would turn on its short axis, and its heavy end would try to go first. For a military rifle to be serviceable, a rapid rotation is indispensable to keep the bullet steady under all circumstances.

  When the axis of the bullet is not a tangent to the trajectory, the resistance of the air ceases to act equally on the front of the bullet. It acts on its lower surface, and the more so, the more the bullet preserves its parallelism to the line of fire, and the further it is from the muzzle; so that the bullet meets with greater resistance than if the axis is kept in the direction of the trajectory, and the range will be lessened.

  The more pointed the bullet, the further is the center of gravity thrown back, and the axis is more liable to injury. If the point is injured and does not coincide with the axis of the bullet, an irregularity in the flight of the bullet must take place. The general mode of throwing the center of gravity forward is by hollowing the base of the projectile, and by blunting the point.
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  The direction of the rotation of nearly all rifling is to the right, so that the lower portion of the bullet passes from right to left. Now, the lower half of the bullet travels on compressed air, the upper on rarefied; the result is that the bullet rotates on the compressed air and works to the right, in the same way that a top would do if made to revolve in the same direction, and placed on its edge on the ground. If the rifling were to the left (the lower part of the bullet rotating from left to right), the drift would be to the left. The longer the range and the greater the angle of descent, the greater the drift; but if the axis of the bullet was a tangent to the line of flight, this deviation would not take place.

  Another cause of deviation is the unequal pressure of the air upon the front of the bullet, and the twisting of the long axis from the plane of fire. It is accounted for thus: Suppose the rifling to be in the usual direction, and the elongated bullet to have a conoidal or rounded front, the greatest pressure would be on its lower front; the rotation from right to left below will cause the point to work round to the right, and the axis consequently to be turned in this direction. If pressure is exerted on the left front of the projectile, the point will fall; if on the upper front, it will work to the left; and if on the right front, the point will rise (fig. A).
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  Combining these effects, and supposing the air to commence acting with greater force on its lowest front, the point working round, the action would be transferred to the left, upper, and right fronts in succession, the point of the bullet describing a circle, while the center of gravity remains at rest. It is presumed that this motion is generally imparted to elongated shot, and that its axis is never a tangent to the trajectory, or in the plane of fire. In whichever direction the axis is twisted from the plane of fire, the resistance of the air passing through the center of gravity will cause the bullet to deviate in the same direction.

  If the rifles were cut in the opposite direction, the movement of the axis would be also changed. It is stated by Professor Magnus, of Berlin, that a flat-headed shot would deviate, with a right-handed rotation, to the left.

  It has been supposed by some that the greatest drift occurs with projectiles which are without grooves. Capt. Tamissier, instructor of musketry at the school at Vincennes, originally placed three grooves on projectiles to correct their flight, to act as the feathers of an arrow, by creating resistances on the posterior end; and as the resistance of the air acts in the direction of a tangent to the trajectory, the moment the axis of the projectile ceases to remain a tangent, the air acts directly against these surfaces on one side, and the axis is forced back to its position as a tangent to the trajectory; it was supposed that it had the same effect in correcting drift, but these resistances must reduce range.

  [image: images]

  It does not appear to be clearly known what angle to the trajectory the axes of elongated bullets preserve during their flight. It has been supposed by some that they preserve their primary direction, and by others that they form a tangent to the trajectory; theory may be cited in favor of either assertion: experiment may hereafter prove which is correct.

  Sir William Armstrong says: “Experiments have been quoted of rifle projectiles having been fired with such small charges as to allow of the projectile being distinctly seen in its course through the air; and it was said to have been clearly perceived, in such cases, that the axis followed the curve” (possibly alluding to some experiments by a Royal Commission at Berlin); “but in all my own experiments,” he continues, “the indications attending the graze marks, and the form of the holes made in distant targets, led to a contrary conclusion. In fact, it was easy to understand that the eye might be deceived, by the impression left on the retina, by an object thus rapidly moving, and producing the illusion of a sort of tail following the direction of the curve.”

  Major Owen, Royal Artillery, in a recent work, says: “Many who are constantly employed in noting the flight of shot, assert most positively that when the velocity is not too high, they can clearly see the projectiles descend with their points downward. It is difficult to say whether this is a mere optical delusion; but the effects in targets, which can be examined at leisure, are more satisfactory evidence than that of the mere view of a shot during flight. Now, it is almost invariably found that the holes made in targets are circular, even when elongated shot descend at considerable angles; for instance, some forty-pound shot fired recently at seven and ten degrees of elevation, the angles of descent for which would be about nine and thirteen degrees respectively, cut circular holes out of vertical targets made of thin wood covered with sheet lead. The most probable explanation of this fact must evidently be that the point of the shot had drooped during flight; so that, on striking, the longer axis was nearly perpendicular to the plane of the target. . . . . This drooping of the point is of importance, for did the axis remain parallel, during flight, to its primary direction, the projectile would, most probably, when fired at any but a very low angle, on striking an object of hard material and solid structure, as a wall, etc., turn up against it lengthways, and therefore produce but trifling effect. This has not, however, been found to take place in the experiments hitherto made, but on the contrary, the penetrations of elongated shot at considerable ranges are always remarkably great. There is but little fear of a shot turning up against an object unless the velocity both of translation and rotation be very low, and the angle of fire very high.”

  The effect of the density of the atmosphere on the flight of rifle projectiles, more especially apparent at long ranges, is now universally recognized. The denser the atmosphere, the greater the resistance and retardation: consequently the lower the bullet will strike; the rarer the atmosphere, the less the resistance, and the higher the bullet will strike.

  The initial velocity of a round shot is greater than that of an elongated one of the same diameter, taken transversely. Yet owing to the greater retardation it experiences (whereby its velocity is diminished), its flight is considerably less than that of the elongated shot, which latter travels at a more uniform speed throughout its flight.

  Greater range and greater accuracy are attained by the use of the elongated shot than by the spherical; the angle of elevation being much less, its trajectory will be lower, thereby increasing the chance of its striking the object.

  Sir William Armstrong states that at certain low elevations the range of an elongated projectile is greater in the atmosphere than in vacuo, and the following is the explanation given by him: “In a vacuum the trajectory would be the same, whether the projectile were elongated or spherical, so long as the angle of elevation and the initial velocity were constant; but the presence of a resisting atmosphere makes this remarkable difference, that, while it greatly shortens the range of the round shot, it actually prolongs that of the elongated projectile, provided that the angle of elevation does not exceed a certain limit, which in my experiments I have found to be about six degrees. This appears at first very paradoxical, but it may be easily explained. The elongated shot, if perfectly formed and having a sufficient rotation, retains the same inclination to the horizontal plane throughout its flight, and consequently acquires a continually increasing obliquity to the curve of its flight. Now, the effect of this obliquity is, that the projectile is in a measure sustained upon the air, just as a kite is supported by the current of air meeting the inclined surface, and the result is that its descent is retarded, so that it has time to reach to a greater distance.
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