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      FOREWORD

    

    IT IS only within the present generation that the science of identifying disputed documents has achieved judicial respectability. The ascent from the Avernus of deserved disrepute has been steep and difficult, obstructed by ignorance and slippery with fraud. Handwriting experts were long content to use the crudest of instrumentalities; they were quick to generalize from inadequate experience obtained in the most haphazard fashion; they made no real attempt to distinguish between the process of skilled observation and that of drawing deductions from observed data. In a word, they were of no more practical worth to a judge or jury than a graphologist would be. It took the patience, industry, skill, intelligence and expository power of an Albert S. Osborn to demonstrate that by the proper use of available aids in chemistry, microscopy and photography the pertinent data not only can be accurately observed by the expert, but also can be made understandable to the ordinary trier of fact, and that by long and carefully acquired experience genuine skill in interpreting such data can be attained. Today the real expert can be of invaluable assistance to the court. At the same time there will be no undue tendency to overrate his testimony. Judges and juries are too well acquainted with the variability of human reactions to fail to realize the great chance of error in attributing any specimen of handwriting to a particular individual.

    The skepticism which expert testimony as to disputed documents encountered has not in general been opposed to expert testimony on firearms identification. Indeed, there has been too much of a tendency to take firearms experts at their own none too modest evaluation. There has been too great readiness to accept the notion that they deal with easily ascertainable data of exceptional exactness. It is easy to believe that the effect which one inanimate substance will produce upon another by a given interaction will always be the same. Hence, if a bullet of given size, weight and material is forced through a given rifle barrel, it will emerge with the same marks upon it as any other bullet of the same size, weight and material. For a quarter of a century a firearms expert for a great Commonwealth proceeded upon that theory, and assumed that the result would be the same whether the bullet were driven through with a rod and mallet or by any explosive. It is easy to credit the assertion that no two rifled barrels can be exactly the same because the cutting tool will necessarily be worn in the process of making each groove. From this the deduction is inevitable that a bullet shot from one gun cannot have the same markings as a bullet shot from any other gun. And so a widely known expert could confidently testify that a bullet was fired from a barrel which was indisputably shown not to have been in existence at the time of the shooting. Starting with plausible premises too many self-styled ballistics experts have found in their inadequate experience the results they were looking for; they have employed neither the approach nor the technique of the true scientist. They have confined their experiments to too few weapons, to too few types of ammunition, to too few conditions. They have emphasized similarities and minimized differences, or have relied upon casual dissimilarities and disregarded characteristics. They have failed to take into account the inherent deficiencies in their instrumentalities. Above all, they have been content to deduce universals from much too small a body of data.

    It is the purpose of this book to make an honest exposition of the science of firearms identification in its relation to the judicial process. It is the result of long-continued and accurately controlled experiments with numerous specimens of various types and manufacture both of weapons and of ammunition. It neither exaggerates nor underrates the value of the function which the honest expert can perform. It does not disguise the evils that dishonest or ill-equipped experts may do. It should be an effective aid to court and counsel.

    E. M. MORGAN

    CAMBRIDGE, MASS.

    HARVARD LAW SCHOOL

    August 7, 1934

  


  
    
      PREFACE

    

    THE professional criminal evades the damning evidence of finger prints by the use of gloves and oiled surfaces. He prevents the tracing of firearms by filing off all such distinguishing marks as serial numbers. But when once a firearm is traced to his possession he will have much difficulty in removing therefrom the surfaces which have left their characteristic markings upon the surfaces of the bullets and cartridge cases fired therein. These markings furnish evidence more reliable than the testimony of eye-witnesses. The purpose of this book is to present such a study of the subject matter of the identification of firearms from ammunition fired therein as to demonstrate it as a science and to show its application in the courts by a discussion of the available authorities. If this purpose be achieved, the authors feel that they will have rendered a real service to the police, the trial lawyer, and the courts.

    The authors wish to express their deep appreciation to the following for their invaluable assistance:

    Edmund M. Morgan, Bussey Professor of Law, Harvard Law School;

    Albert S. Osborn, author of “Questioned Documents,” “The Problem of Proof”;

    F. T. Llewellyn, Research Engineer, United States Steel Corporation;

    The Engineering Foundation;

    Ordnance Department, U. S. A.;

    and to extend their thanks to the following for their kind cooperation:

    Carl L. Bausch, Bausch & Lomb Optical Co.

    Stuart B. Campbell, Esq.

    J. Victor D’Aloia, former Assistant Prosecutor of the Pleas, Essex County, New Jersey.

    John Drewen, former Prosecutor of the Pleas, Hudson County, New Jersey.

    Egbert C. Hadley, Remington Arms Co., Inc.

    Hon. Roscoe T. Mauck, Judge of the Court of Appeals of Ohio.

    E. Pugsley, Winchester Repeating Arms Co.

    A. W. Schenck, Savage Arms Corporation.

    Hon. Samuel E. Shull, President Judge, Court of Common Pleas, Pennsylvania.

    Major D. B. Wesson, Smith & Wesson, Inc.

    Colt’s Patent Fire Arms Mfg. Co.

    Mauser-Werke Aktiengesellschaft.

    Peters Cartridge Co.

    Webley & Scott, Ltd.

    Western Cartridge Co.

    Harry F. Butts, Commanding Officer, Ballistic Bureau, New York Police Dept.

    JACK D. GUNTHER

    CHARLES O. GUNTHER

    GRAND VIEW-ON-HUDSON

    NYACK, NEW YORK.

    August 7, 1934.

  


  
    
      TABLE OF CASES

    

    ALABAMA

    GRAVETTE v. STATE

    SMITH v. STATE

    CALIFORNIA

    PEOPLE v. BEITZEL

    PEOPLE v. FARRINGTON

    PEOPLE v. FERDINAND

    PEOPLE v. MITCHELL

    PEOPLE v. SONOQUI

    PEOPLE v. WEBER

    COLORADO

    MATTHEWS v. PEOPLE

    CONNECTICUT

    STATE v. SMITH

    DISTRICT OF COLUMBIA

    LANEY v. UNITED STATES

    GEORGIA

    GIBSON v. STATE

    MOUGHON v. STATE

    WILLIAMS v. STATE

    IDAHO

    STATE v. HENDEL

    ILLINOIS

    PEOPLE v. BERKMAN

    PEOPLE v. DALE

    PEOPLE v. FISHER

    PEOPLE v. MEYERING

    IOWA

    STATE v. CAMPBELL

    KENTUCKY

    EVANS v. COMMONWEALTH

    JACK v. COMMONWEALTH

    MASSACHUSETTS

    COMMONWEALTH v. BEST

    COMMONWEALTH v. SACCO et al.

    MISSOURI

    STATE v. SHAWLEY

    MONTANA

    STATE v. VUCKOVICH

    NEW JERSEY

    STATE v. BASSONE

    STATE v. BOCCADORO

    STATE v. CIVITAN

    STATE v. MANGINO

    STATE v. RUSNAK

    NEW YORK

    PEOPLE v. SMALL

    NORTH CAROLINA

    STATE v. OUTERBRIDGE

    OHIO

    BURCHETT v. STATE

    OKLAHOMA

    COLLINS v. STATE

    QUINN v. STATE

    OREGON

    STATE v. BANKS

    STATE v. CASEY

    STATE v. CLARK

    RHODE ISLAND

    STATE v. NAGLE

    SOUTH CAROLINA

    STATE v. DAVIS

    TEXAS

    BEARDEN v. STATE

    GRANGER v. STATE

    HOLDER v. STATE

    KENT v. STATE

    MEYERS v. STATE

    PEMBERTON v. STATE

    VIRGINIA

    COMMONWEALTH v. BAUSELLS

    WISCONSIN

    GALENIS v. STATE

  


  
    
      LIST OF ILLUSTRATIONS

    

    Signed Bullets

    1 to 6. Photomicrographs (×10) of powder grains

    1. Black.

    2. Semi-smokeless.

    3. Bull’s-eye.

    4. Smokeless, perforated disks.

    5. Smokeless, perforated cylinders.

    6. Smokeless, German.

    7. Pin-fire cartridge

    8. Rim-fire cartridge

    9. Center-fire cartridge

    10. “Centre-primed” cartridge

    11. Primer, cup, and anvil

    12. Anvil formed in head of cartridge case

    13. Clip for firing rimless cartridges in a revolver

    14. Diagram of development of helix of uniform pitch

    15. View looking into muzzle of a pistol barrel

    16. Diagram of cross-section of pistol barrel

    17. Longitudinal section of pistol barrel showing bullet seat and forcing cone

    18. Longitudinal section of portion of a pistol barrel

    19. View looking into muzzle of a revolver barrel

    20. Longitudinal section of portion of a rifle barrel

    21. Comparison microscope assembly with camera body swung back

    22. Comparison microscope assembly with camera body in position

    23. Photomicrograph (×5.6) of a caliber 45 bullet

    24. Enlargement (×30)

    25. Photomicrograph (×30)

    26. Photomicrographs (×5.6) of tool-mark patterns

    A. Power-driven hack saw.

    B. Fine and coarse files.

    C. Grinding wheel.

    D. Lathe tool.

    E. Milling-machine cutter.

    F. Shaper tool.

    27. Photomicrograph (×30) of cutting edge of tool

    28. Photomicrograph (×30) of same cutting edge of tool after use

    29. Photomicrograph (×30) of portion of groove cut with tool

    30. Photomicrograph (×10) showing effect of corrosion on nickel-plated surface of a revolver barrel

    31. Photomicrograph (×10) showing black powder fouling on inner surface of a revolver barrel

    32 to 35. Lead bullets, caliber .44 S. & W. Sp’l

    32. Peters Cartridge Co.

    33. Remington Arms Co.-Union Metallic Cartridge Co.

    34. Western Cartridge Co.

    35. Winchester Repeating Arms Co. and United States Cartridge Co.

    36. Caliber .38 Military & Police Smith & Wesson revolver

    37. Phantom view of Colt Official Police model revolver

    38. Colt automatic pistol, nomenclature

    39. Longitudinal section of pistol barrel with cartridge in chamber

    40. Cartridge case, caliber .45 automatic pistol

    41. Primer, caliber .45 automatic pistol cartridge

    42. Diagram showing wedge formed by chamfered portions of opposite lands

    43 and 44. Diagrams showing how land impressions are formed on the cylindrical surface of a bullet

    45. Enlargement of a land impression

    46. Diagram of relative motion

    47. Single forging for a pair of pistol barrels

    48. “Scrape” cutter

    49. Longitudinal view of rifling head

    50. Rifled barrels before separation

    51 to 54. Photomicrographs (×15) of corresponding land and groove engravings on bullets fired from barrels rifled as a single barrel

    51. Land engravings, bullets nose to base.

    52. Land engravings, bullets base to base.

    53. Groove engravings, bullets nose to base.

    54. Groove engravings, bullets base to base.

    55 to 60. Bullets fired from different barrels in an automatic pistol, caliber .45

    61. Caliber .45 bullet showing striae on surface of jacket resulting from the drawing operation

    62. View of breechblock of automatic pistol with firing pin and extractor removed

    63. Extractor

    64. Firing pin

    65 to 67. Photomicrographs (×10) of the primers of cartridges fired in the same caliber .45 automatic pistol

    65. With lip.

    66. Without lip.

    67. Soft primer.

    68. Frame of revolver back of cylinder showing recoil plate and firing pin

    69. Impression of firing pin shown in Fig. 68

    70. Corresponding surfaces of three bullets fired from the same chamber in a Smith & Wesson revolver

    71. Land impression on bullet which struck the forcing cone with its axis parallel to but not coincident with the axis of the bore

    72. Land impression on bullet which struck the forcing cone with its axis inclined to the axis of the bore

    73. Diagram, angle of percussion

    74. Bases of two bullets, one fired from a cartridge loaded with black powder, the other fired from a cartridge loaded with smokeless powder

    75. Bullet fired from clean barrel. Smokeless powder cartridge

    76. Base of bullet in Fig. 75

    77. Bullet fired from fouled barrel. Smokeless powder cartridge

    78. Base of bullet in Fig. 77

    79. Comparison of land engravings shown in Figs. 75 and 77

    80. Base of bullet from a cartridge loaded with black powder

    81. Comparison of groove widths at the base of two bullets fired from two new revolvers with consecutive serial numbers

    82 to 87. Reproduction of groove engravings

    82. Groove 1: Groove 1.

    83. Groove 2: Groove 1.

    84. Groove 3: Groove 1.

    85. Groove 4: Groove 1.

    86. Groove 5: Groove 1.

    87. Groove 6: Groove 1.

    88. Comparison of groove engravings produced by two rifles manufactured seven years apart

    89. Photomicrograph of head of cartridge case, proper illumination

    90. Photomicrograph of same head of cartridge case, improper illumination

    91. Caliber .30 and caliber 9 mm. Luger cartridges

    92 to 99. Bullets fired in various automatic pistols, caliber .32

    92. Buffalo.

    93. Colt.

    94. Bayard.

    95. Colt, old type.

    96. Savage.

    97. Stenda.

    98. Ortgies.

    99. Stosel.

    100 to 101. Bullets fired in the same caliber .45 Colt revolver

    100. Jacketed bullet.

    101. Lead bullet.

    102. Breech mechanism, Savage automatic pistol, caliber .32

    103. Head of cartridge case fired in Savage automatic pistol

    104. Ejector mark, Savage automatic pistol, caliber .32

    105. Breech mechanism, Steyr automatic pistol, caliber .25

    106. Extractor mark, Colt automatic pistol, caliber .32

    107. Magazine, Colt automatic pistol, caliber .32

    108 to 113. Photomicrographs (×10) of primers of cartridges fired in various automatic pistols

    108. Bayard.

    109. Colt.

    110. Colt, old type.

    111. Stenda.

    112. Ortgies.

    113. Stosel.

    114 to 115. Photomicrographs (×10) of primers of cartridges fired in revolvers

    114. Smith & Wesson.

    115. Iver Johnson.

    116 to 118. Photomicrographs of heads of rim-fire cartridge cases fired in revolvers

    116. J. M. Marlin.

    117. Smith & Wesson.

    118. Colt.

    119. Photomicrograph of head of rim-fire cartridge case fired in a J. Stevens Arms Co. single shot pistol

    120. Bullet fired from a revolver

    121. Lead slug pushed through barrel of same revolver

    122. Photomicrograph of comparison of corresponding land engravings, jacketed bullet fired in a caliber .45 automatic pistol and lead bullet forced through the bore

    123. Photomicrograph, coincidence of two corresponding conspicuous elements of identity

    124. Lead evidence bullet .38 S. & W. Sp’l

    125. Lead evidence bullet, caliber .38 S. & W

    126. Comparison of land engravings found on evidence bullets shown in Figs. 124 and 125

    127. Corresponding surfaces of two bullets fired from the same revolver

    128. Photomicrograph (×15) of comparison of corresponding land engravings on bullets shown in Fig. 127

    129. Corresponding surfaces of two bullets fired from the same revolver

    130. Photomicrograph (×30) of comparison of land engravings on test bullet (left) and evidence bullet (right)

    131. Evidence bullet, State v. Civitan

    132. Photomicrograph (×15) comparison of firing pin impressions, two different revolvers

    133. Photomicrograph (×15) comparison of primers in two cartridges fired in the same revolver

    134. Reproduced from page 3732r of the record in the Sacco-Vanzetti case

    135. Reproduced from page 3732t of the record in the Sacco-Vanzetti case

    136. Composite photograph of Lowell Test Shell No. 3 and Fraher Shell W in Fig. 134

    137. Photograph of a bullet of identical type and make as bullet No. III in Sacco-Vanzetti case

    138. Evidence bullet, State v. Rusnak

    139. Photomicrograph (×15) of comparison of primers of two cartridges fired in the same revolver

    140. Evidence bullet, State v. Boccadoro

    141. “Garden bullet,” State v. Boccadoro

    142. Photomicrograph (×15) of comparison of land engravings on bullets shown in Figs. 140 and 141

    143. Evidence bullet, State v. Mangino

    144 and 145. Photomicrographs (×15) comparisons of evidence and test bullet, State v. Mangino

    146. Bullet “A,” Bausell Case

    147. Bullet “B,” Bausell Case

    148. Bullet “C,” Bausell Case

  


  
    
      INTRODUCTION

    

    THERE are many natural laws whose cause and effect relationships have been long recognized by the courts, e.g., dry grass will ignite upon coming in contact with sparks from a locomotive; a charred substance indicates that it has been subjected to a high temperature; illuminating gas will ignite when brought in contact with a flame; a ship may suffer damage in passing through a hurricane. When the effect takes the form of making or marking a tangible object, its uniform operation furnishes a means for determining the identity of its product. This has been recognized with increasing clarity and effectiveness in tracing the origin of printed or typewritten material. The principles of typewriter identification are in many respects analogous to those of firearms identification, and a brief discussion of the former principles is a proper introduction to the relatively newer and possibly more complicated science of tracing the particular firearm employed to discharge a given bullet or cartridge case.

    All typewriters constructed in accordance with the same specifications possess certain common physical attributes which may be called class characteristics. By means of these class characteristics it is possible to distinguish between typewriters of different manufacture. Class characteristics include the design, size, and proportions of each of the characters.

    Theoretically all typewriters of common design will produce identical writings, but by experiment it is found to be highly improbable that any two machines will write exactly alike. Accidental variations occur despite the utmost care and skill in manufacture. When a typewriter is used it inevitably develops through wear and accident certain defects, such as scars or bruises on the type face and irregularities in the alignments of the characters. These accidental characteristics give each machine a true individuality and make possible a reliable basis of distinction between the matter that is typed on two machines of identical construction.

    Osborn, in “Questioned Documents,” second edition, pages 589 and 598, says:

    Typewriting individuality in many cases is of the most unmistakable and convincing character and reaches a degree of certainty that can properly be described as almost absolute proof. The identification of a typewritten document in many cases is exactly parallel to the identification of an individual who exactly answers a general description as to features, complexion, size, etc., and in addition matches a detailed list of scars, birth-marks, deformities and individual peculiarities.

    [image: Images]

    The identification in either case is based upon a definite combination of common or class qualities and features in connection with a second group of characteristics made up of divergences from class qualities which then become individual peculiarities.1

    The procedure in establishing the individuality of a typewriter is first to compile a list of its accidental characteristics and then to determine by experiment with a large number of machines (if statistics are not available) the probable occurrence of each of these items separately. The probable coincidence of all the accidental characteristics is computed by the application of the following mathematical formula: the probability of the concurrence of all the items is equal to the continued product of the probabilities of all the separate items—thus if one item probably occurs once in twenty instances and another item probably occurs once in forty instances, the chance of their both occurring together is one in eight hundred. As the number of items is increased the improbability of an exact reproduction of a particular combination of accidental characteristics becomes greater, and the chance of duplication grows so negligible that it may be entirely disregarded and treated as an impossibility. A combination of class and accidental characteristics whose coexistence in more than one typewriter is proved improbable is called an individual peculiarity of that typewriter and differentiates it from all others.

    The foregoing principles of identification have been successfully applied in courts for many years. As early as 18122 a plaintiff, attempting to prove that the defendant had printed a libelous article, was permitted to introduce in evidence for the scrutiny of the jury the alleged libelous copy and a specimen of printing from the defendant’s shop. The jury was competent to determine whether the defendant was responsible for the printing. At that time there were relatively few presses in operation, and the jurors from their common experience were aware of the differences in the class characteristics of the printed material emanating from the small number of printing establishments.

    A New York court in 18133 allowed the plaintiff to prove that the defendant had printed a libelous paper by the testimony of a former employee in the defendant’s shop. The witness stated that in his opinion the libelous paper had originated at the defendant’s press. He justified his conclusion on the theory that printers were able to identify a particular printing through an examination of its class characteristics.

    The class characteristics of the type which served as the early basis of distinction between two or more specimens became inadequate with the extensive growth in the use of mechanized writing. The great number of printing presses and of typewriters of common design necessitated a scheme to identify a particular press or machine from others possessing the same class characteristics. As a consequence, a New Jersey court of 18934 permitted an expert to testify with respect to the accidental characteristics of a certain typewriter in the identification of a forged document. The witness was a man trained to notice defects as he was sent around the country to examine machines and ascertain if they were in good running order. He favorably impressed Pitney, V. C., by pointing out three peculiar irregularities: the period mark was always too low; the letter U was always off to the left; and the top section of the letter S was consistently more visible than the bottom.

    A Utah court in 19065 admitted an expert to testify on the identification of a typewritten document. In establishing the relationship between a specimen proved to have been typed by the defendant’s machine and the questioned document, the witness pointed out the following items: common class characteristics; the effect of certain defective letters which were broken and out of repair; the misalignment of particular letters; and the excessive spacing between certain letters. The expert testified that two machines out of repair might have precisely the same defects and produce the same faulty printing but it would be highly improbable for such a coincidence to occur.

    A Maine court in 19176 indicated its position on the question of typewriter identification when King, J., said:

    We think the fact is patent and well recognized, requiring no expert testimony to establish it, that typewriting machines do develop by use some defects or irregularities in the alignment or position of its type, or in other features, and that such defects or irregularities are inevitably disclosed by the work produced upon such machines. If a proven specimen of work produced upon a certain typewriter corresponds identically with a disputed specimen in all of several defects, irregularities, and imperfections of the work, that fact would be pertinent and material to the question whether the disputed specimen was produced upon the same typewriter.

    In Kerr v. United States7 the defendant mailed a box of poisoned candy to one L. F. Kerr and was convicted for a violation of the postal laws by the trial court. The circuit court found no error in allowing an expert to identify the typewriter used to address the package of poisoned candy, and the general admission of this kind of evidence is the established law of today.8

    In People v. Risley9 the defendant was convicted for fraudulently inserting in an affidavit the words “the same” with his typewriter. In the lower court the trial judge permitted experts on typewriter identification to explain the defects existing in the defendant’s machine and to show their agreement with the defects found in the inserted words. Subsequently the People called a professor of mathematics who applied the law of probability and indicated the impossibility of the same combination of defects existing in any other machine. The upper court held that the testimony of the mathematician was prejudicial to the defendant. Justice Hogan pointed out that the professor was not acquainted with the nature, causes, visibility, or permanency of the defects through personal observation, and that he should not be allowed to speculate in an abstract field. Justice Miller stated that the existence of the defects had been assumed in the questions put to the mathematician, and that the jury had not distinguished between existing and assumed defects. He likewise believed that the jury had not understood the precise relation between the defects in the defendant’s machine and those appearing in the disputed writing, and that the jury relied largely upon the conclusions of the mathematician. “The vice of the testimony consisted in its being purely an abstract theory having no relation to actual experience.”

    However, it should be noted that the court was aware that an agreement between the defects in the defendant’s machine and the defects appearing in the disputed words would be strong evidence of the defendant’s guilt. The court was likewise aware of the important function of the law of probability in judicial proof, and it is common knowledge that the correct estimate of a probability involves the theory of probability. Therefore, it appears that the court might have ruled otherwise had the pertinent evidence been accurate and reliable and properly presented. For example, competent experts on typewriter identification should have clearly explained and pointed out to the jury the defects common to the standard of comparison and the disputed writing. They should likewise have testified as to the probable occurrence of each individual defect (based upon constructive experience with a large number of machines). With this foundation it would seem that a competent mathematician should be allowed to compute the probable concurrence of all the defects in order to show the extent of the probability. Of course, the questions would have to be put in hypothetical form, that is, if these individual probabilities exist, what is the probability of a combined occurrence? The mathematician would testify with respect to data observed by others, and it is in the province of the jury to determine as facts the correct data. Accordingly the jury would adopt the opinions consistent with the data as they found them.10

    Generally speaking, the courts commonly recognize that the theory of probability must be applied in judicial proof when the fact to be proved is the probability of the happening of a future event, such as the expectancy of life of a particular individual. The same necessity is present in the field of identification. For example, it is impossible to examine all of the finger prints, typewriters, or firearms in existence. Therefore, the identification in any of these cases is predicated upon the results of research involving a large number of objects which represent a cross-section of all the objects in existence. From research it is possible to determine the probable duplication of particular characteristics; and when once the individual probabilities are established, it is possible to determine the probability of the coincidence of any group of characteristics. All identifications depend upon this principle.

    Notes

    1 See also, Wigmore, “Principles of Judicial Proof,” second edition, page 258, in which it is pointed out that the building up of an inference of identification is in accordance with the general principles of probative value.

    2 M’Corkle v. Binns, 5 Binney (Pa.) 340.

    3 Southwick v. Stevens, 10 Johnson (N. Y.) 443. See also, Commonwealth v. Smith (1819) 6 Sergeant and Rawles (Pa.) 568.

    4 Levy v. Rust, 49 Atl. 1017.

    5 State v. Freshwater, 30 Utah 442, 85 Pac. 447.

    6 Grant v. Jack, 116 Me. 342, 102 Atl. 38.

    7 11 Fed. (2nd) 227 (1926).

    8 State v. Uhls (1926) 121 Kans. 377, 247 Pac. 1050; General Motors Acceptance Corporation v. Talbott (1924) 39 Idaho 707, 230 Pac. 30; Rudy v. State (Tex. 1917) 81 Crim. R. 272, 195 S. W. 187; Western Bottle Mfg. Co. v. Dufner (1914) 186 Ill. App. 235; People v. Storrs (1912) 207 N. Y. 147, 100 N. E. 730.

    9 214 N. Y. 75, 108 N. E. 200 (1915).

    10 Typewriter identification and handwriting identification are fully presented in an excellent manner by Albert S. “Osborn in Questioned Documents,” second edition. See also “The Problem of Proof,” second edition, by Albert S. Osborn; “The Principles of Judicial Proof,” second edition, by John H. Wigmore.

  


  
    
      THE IDENTIFICATION OF FIREARMS

      CHAPTER I

      THE PRINCIPLES OF FIREARMS IDENTIFICATION FROM AMMUNITION FIRED THEREIN

    

    TYPES OF PROBLEMS. DEFINITIONS

    THE science of identification of firearms from the ammunition fired therein1 concerns itself primarily with the development of methods by whose application it may be possible to solve six types of problems:

    Type I. Given a bullet to determine the type and make of firearm from which it was fired.

    Type II. Given a fired cartridge case to determine the type and make of firearm in which it was fired.

    Type III. Given a bullet and a suspected firearm to determine whether or not the bullet was fired from the suspected firearm.

    Type IV. Given a fired cartridge case and a suspected firearm to determine whether or not the cartridge case was fired in the suspected firearm.

    Type V. Given two or more bullets to determine whether or not they were fired from the same firearm.

    Type VI. Given two or more fired cartridge cases to determine whether or not they were fired in the same firearm.

    The first steps in a logical development of these methods are to define terms which are pertinent to the subject matter, and to establish the basic principles involved.

    A firearm2 may be defined as any instrument or device with which it is possible to propel a projectile by the expansive force of the gases generated by the combustion of an explosive substance. In its simplest form it consists of a tube or barrel containing a cylindrical passage, called the bore, through which the projectile is propelled by the expansive force of the gases; a chamber at one end of the barrel to receive the explosive substance and the projectile; and a means for igniting the explosive substance. The end of the barrel from which the projectile is discharged is called the muzzle, and the opposite end the breech. The breechblock is that part of a firearm which closes the breech and prevents the escape of the gases generated by the combustion of the explosive substance.

    A firearm may have one or more barrels each with its own chamber, or it may have a number of chambers in a cylinder which can be rotated about an axis, thus bringing the chambers into successive alignment with a single barrel.

    In ordnance, firearms which propel projectiles of less than one inch in diameter are generally classed as small arms. The science of identification of firearms from the ammunition fired therein deals primarily with small arms, particularly those which are capable of being concealed upon the person.

    PROPELLANTS

    Explosive substances3 which can be used in a firearm to propel a projectile are classed as propellants. The various propellants in use today are termed propellent powders. The quantity of a propellent powder used in a firearm to propel the projectile through the bore is referred to as the powder charge.

    Black powder is the oldest form of propellent powder used in firearms. It is a mechanical mixture of potassium nitrate (niter), charcoal, and sulphur approximately in the proportions of 75, 15, and 10.

    Berchtold Schwarz Was the first (A.D. 1313) recorded user of black powder in the propelling of stones from a gun. In the early days of black powder, or gunpowder, as it was called, it was used in the form of a fine powder or dust. Later developments led to powder grains of various sizes and shapes, obtained by compressing the finely divided powder into larger grains of greater density. At the present time black powder is usually made up in the form of small black grains which are polished by glazing with graphite.

    Brown powder contains a larger percentage of potassium nitrate than black powder and a smaller percentage of sulphur. Its color is caused by an underburned charcoal.

    Both black powder and brown powder produce a considerable volume of smoke. These powders contain inorganic substances and therefore leave a large quantity of solid residue in the bore of a firearm after the ignition of a charge.

    Smokeless powders were introduced in about the year 1886. These powders are colloidal mixtures of organic compounds. Two general classes of smokeless powders are used in small arms: nitrocellulose and nitroglycerin.

    Nitrocellulose powders are colloided masses of nitrocellulose containing some volatile solvent and diphenylamine which acts as a stabilizer. They are generally made in the form of cylindrical single-perforated grains or round flakes which are usually coated with a small percentage of graphite.

    Nitroglycerin powders are mixtures of nitrocellulose with nitroglycerin. They usually appear in the form of cylindrical single-perforated grains or round or square flakes.

    Many varieties of smokeless powder are used in small arms in this country and abroad. A few of them will be mentioned here.

    Ballistite, a typical nitroglycerin powder, is obtained by gelatinizing a low nitrated nitrocotton with nitroglycerin.

    Cordite, a nitroglycerin-nitrocellulose powder, is a modification of ballistite. It derives its name from its cord-like appearance.

    Bull’s-eye powder is another nitroglycerin-nitrocellulose powder. It is granulated in solid cylindrical disks.

    Pistol powder No. 5 is a nitrocellulose powder.

    E. C. powder and Kynoch are both mixtures of nitrocellulose with the nitrates of potassium and barium.

    Smokeless powders are not entirely smokeless. Smokeless powders which contain only organic compounds do not leave any solid residue in the bore of a firearm after the ignition of a charge. Because of the inorganic compounds they contain, E. C. powder and Kynoch leave some solid residue in the bore of a firearm after the ignition of a charge.

    Semi-smokeless powders are a mechanical mixture of nitrocellulose, potassium nitrate, charcoal, and sulphur. These powders have an advantage over black powder in that they develop less smoke and leave a smaller solid residue in the bore of a firearm after the ignition of a charge.

    In Figs. 1 to 6 are shown photomicrographs (photographs made with a microscope) of the following powder grains:

    Fig. 1. Black powder.

    Fig. 2. Semi-smokeless powder.

    Fig. 3. Bull’s-eye powder.

    Fig. 4. Single perforated disks of smokeless powder.

    Fig. 5. Single perforated cylinders of smokeless powder.

    Fig. 6. German smokeless powder, green in color.

    TYPES OF FIREARMS

    In the early types of small arms the bore had a smooth surface. The projectile consisted of a lead ball, and the powder charge and the projectile were introduced into the chamber at the breech from the muzzle end of the bore, hence the name muzzle-loader. Instead of a single lead ball of approximately the diameter of the bore, it was also possible to use a number of lead pellets of smaller diameter, called shot or buckshot, according to their size. The means for igniting the powder charge were found in the matchlock, wheel lock, flintlock, and percussion lock.
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    FIGS. 1 TO 6.—Photomicrographs (× 10) of Powder Grains.

    Later developments produced small arms which had a number of helical (spiral) grooves cut in the smooth surface of the bore. Such arms are referred to as having rifled barrels.

    Small arms are made with bore diameters of different size. The various sizes are indicated by the gage or caliber. Originally the term “gage” as applied to the now obsolete types of smooth-bore firearms indicated the number in a pound of lead balls of the size adapted to the arm. As applied to shotguns it indicates that the bore diameter is equal to the diameter of a lead ball whose weight in pounds is equal to the reciprocal of the gage index; e.g., the bore diameter of a 12-gage shotgun is equal to the diameter of a lead sphere weighing one-twelfth of a pound.

    The term “caliber” was also used to indicate the bore diameter of firearms with smooth-bore barrels which fired a lead ball; thus caliber .50 indicated a bore diameter of 0.50 inch. With the advent of rifling barrels the term was retained, but today it only approximately indicates the bore diameter of a firearm; e.g., a caliber .38 revolver of a certain make has a bore diameter of 0.36 inch.

    In countries using the metric system the caliber is expressed in millimeters, e.g., the metric caliber 6.35 (millimeters) is equivalent to the nonmetric caliber .25.

    The percussion cap is used to ignite the powder charge in muzzle-loading firearms with percussion locks. It consists of a small metallic cup containing a priming mixture. It is placed on a nipple located at the breech end of the barrel. A blow from the hammer of the firearm, when released by a pull on the trigger, crushes and explodes the priming mixture. The flame thus produced is communicated to the powder charge in the chamber through a vent in the nipple. The priming mixture is usually a composition containing fulminate of mercury as one of the ingredients.

    Muzzle-loading was ultimately superseded by breech-loading. In about 1815 a breech-loader was developed in which the powder charge and projectile were assembled in a paper case and introduced at the breech, but the paper case was soon replaced by a copper case. The powder charge was ignited by means of a percussion cap. Further development led to the present-day type of small arms in which the projectile, powder charge, and priming mixture are assembled in the form of a cartridge which is introduced as a unit into a chamber at the breech end of the barrel.

    AMMUNITION

    A cartridge consists of a cartridge case containing the powder charge, a bullet (projectile) rigidly fixed in the mouth of the case, and the priming mixture introduced in the base of the cartridge case. The base of the cartridge case is commonly termed the head, although the term base would seem to be the more appropriate. The priming mixture is exploded by the impact of a hammer or plunger, and the flame thus produced is communicated to the powder charge. Ammunition assembled in the form of cartridges is termed fixed ammunition. Cartridges can be obtained which are loaded with shot or buckshot instead of a single bullet, and shotgun cartridges can be obtained loaded with a single ball. Three types of fixed ammunition are used in small arms: pin-fire, rim-fire, and center-fire. Each type has its particular means for introducing and exploding the priming mixture.
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    FIG. 7.—Pin-fire Cartridge.

    FIG. 8.—Rim-fire Cartridge.

    In pin-fire ammunition, Fig. 7, a primer consisting of a small cylindrical cup containing the priming mixture is placed in a cavity on the inside of the head of the cartridge case. The priming mixture is exploded by the impact of the hammer on a pin which extends radially through the head of the cartridge case into the primer.

    In rim-fire ammunition, Fig. 8, the priming mixture is placed in the cavity formed in the rim of the head of the cartridge case. The priming mixture is crushed and exploded either by a direct blow from the hammer on the rim or by a blow from the hammer on one end of a plunger, called the firing pin, driving the other end of the plunger into the rim of the head of the cartridge case. The flame so produced is in direct communication with the powder charge.

    In center-fire ammunition, Fig. 9, the primer is forced into a small cylindrical chamber in the head of the cartridge case and the priming mixture is exploded by the impact of the firing pin. The flame is communicated to the powder charge through vents leading into the powder chamber. An early form of center-fire ammunition called “centre-primed, metallic cartridges,” Fig. 10, resembled the present rim-fire ammunition in appearance.

    The term metallic ammunition, as used in this discussion, applies to cartridges with metallic cases which are normally loaded with a single bullet, and the term shotgun cartridges applies to ammunition designed for use in shotguns.
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    FIG. 9.—Center-fire Cartridge.

    FIG. 10.—“Centre-primed” Cartridge.

    Pin-fire ammunition is manufactured abroad and is used in Lefaucheux and other revolvers, carbines, and shotguns.4 American manufacturers are large producers of both rim-fire and center-fire ammunition, and both of these types of ammunition are also manufactured abroad.

    Both brass and gilding metal are alloys of copper and zinc, the gilding metal having the higher copper content. In each, the percentages of copper and zinc are governed by the degree of hardness desired in the alloy. Both brass and gilding metal are used extensively in the manufacture of cartridge cases for metallic ammunition. Shotgun cartridge cases are made either of brass or of paper with brass heads, and some paper cases are metal lined.
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    FIG. 11.—Primer, Cup, and Anvil.

    One type of primer used in center-fire ammunition, Fig. 11, consists of a cup made of gilding metal or some other metal that is softer than the brass of the cartridge case. The cup contains the primer composition against which a paper disk is tightly pressed, and over which an anvil is forced into the cup. The anvil is made of brass and resists the blow of the firing pin, which crushes the composition between the cup and the anvil; the flame thus produced is communicated to the charge by the two vents in the anvil through a hole in the head at the base of the powder chamber in the case. In another type of primer used by some foreign manufacturers, Fig. 12, the anvil is formed in the head of the cartridge case in the cylindrical chamber which receives the primer cup containing the primer composition.

    In metallic ammunition, cartridges of the same type are made in different calibers according to the firearms adapted to their use. Cartridges of the same type and caliber may be made in different sizes and with various types and weights of bullet. Some of the types of bullet used are the following: lead, full metal case, metal point, soft point, flat point, and hollow point. Blank cartridges are also available in certain types, calibers, and sizes of ammunition.

    Lead bullets and the cores for metal case bullets are usually made of lead which has been hardened by the addition of a small percentage of either antimony or tin, or both. The jackets of metal case bullets are usually made of gilding metal or cupro nickel, the latter being an alloy of copper and nickel, high in copper content, the percentage of nickel depending upon the degree of hardness desired in the alloy.
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    FIG. 12.—Anvil Formed in Head of Cartridge Case.

    The cylindrical portion of a bullet is generally provided with one or more circumferential grooves called cannelures. These cannelures are usually knurled and may be used to hold the lubricant or to receive the crimp formed at the mouth of the cartridge case. The original purpose of the crimp was to prevent the bullet in the cartridge case from moving forward, as in firing a revolver it occasionally happened that, when one or more shots were fired, the bullets of the unfired cartridges moved or jumped forward so that their points jammed against the side of the barrel under the frame, thereby preventing the cylinder from revolving. A bullet may also be secured to the cartridge case by indenting the case into the surface of the bullet at two or more points.

    Cartridge cases are made with either rimmed or rimless heads. In center-fire ammunition, the rimless cartridge case has a groove turned into the head for engaging the extractor.

    The extractor is that mechanism in a firearm by which a cartridge or fired cartridge case is withdrawn from the chamber.

    The ejector in a firearm is that mechanism which throws the cartridge or fired cartridge case from the firearm.

    In some firearms one mechanism serves as both extractor and ejector.

    Center-fire revolver cartridges have rimmed heads whereas cartridges for use in automatic (auto-loading) pistols are rimless. By using a clip as shown in Fig. 13, it is possible to use rimless cartridges in certain revolvers.

    Cartridge cases of cartridges loaded with smokeless powder usually have a circumferential groove (Fig. 13) to prevent the bullet from being forced into the case beyond this groove, as such backward movement would be dangerous in that it would reduce the volume of the powder chamber and result in developing excessive pressure.
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    FIG. 13.—Clip.

    The calibers .38 Smith and Wesson and .38 Smith and Wesson Special are examples of cartridges of different sizes of the same caliber of center-fire ammunition. The caliber .38 S. & W. cartridge will not enter the chamber of a revolver chambered for caliber .38 S. & W. Sp’l because the diameter of the cartridge case of the former is slightly larger than that of the latter. The caliber .38 S. & W. Sp’l cartridge is longer than the cylinder of a revolver chambered for the caliber .38 S. & W. cartridge and it can not be inserted to its full length in a chamber fitted for the caliber .38 S. & W. cartridge. In some makes of revolvers the cylinder chambers are made of uniform diameter. If a caliber .38 S. & W. Sp’l cartridge were introduced into such a chamber of a revolver adapted to the caliber .38 S. & W. the cylinder could not rotate. The caliber .38 S. & W. Sp’l lead bullet is the heavier of the two and has two grease cannelures whereas the caliber .38 S. & W. lead bullet has one.

    The same cartridge cases may be used for cartridges of different sizes of the same caliber, e.g., the same cartridge cases are used in both the caliber .22 long and the caliber .22 long rifle rim-fire cartridges. The caliber .22 long rifle cartridge has a larger powder charge and a heavier and longer bullet than the caliber .22 long.

    It is found that there is sufficient variation in the weights of bullets of the same caliber, type, size, and manufacture, so that in general it is only necessary to express the weight of a bullet to the nearest 0.5 grain. If the metric system of weights is used, the conversion from grams to grains for the purpose in hand, can be made by using 0.0648 gram as the equivalent of 1 grain avoirdupois.

    Variations are found in the dimensions of the chambers of firearms adapted to cartridges of the same caliber and size. Manufacturers of ammunition must therefore control the dimensions of their cartridges so that the largest cartridges will fit the chambers of the firearms with the smallest dimensions, with the result that in many instances the cartridges fit the chambers loosely.

    Shotgun cartridges are made in different sizes according to the gage of the shotgun adapted to their use.

    The majority of manufacturers of ammunition stamp the heads of the cartridge cases, and some manufacturers stamp the primer cups in center-fire ammunition. In Fig. 7, the head of the cartridge case is stamped [image: Images] This is a caliber 7 mm. pin-fire cartridge with a lead bullet manufactured by Braun & Bloem, Düsseldorf, Germany. In Fig. 8, the head is stamped with an “H.” This is a caliber .22 long rifle rim-fire cartridge with a “Spatter Proof” bullet manufactured by the Winchester Repeating Arms Co. In Fig. 9, the head is stamped “PETERS .38 S. & W. SP’L.” This is a caliber .38 Smith and Wesson Special center-fire cartridge with a lead bullet manufactured by the Peters Cartridge Co. Fig. 10 is a “calibre .50, centre-primed, metallic cartridge” manufactured at Frankford Arsenal, April, 1873.

    In center-fire ammunition, in which the primer can be removed from the fired cartridge case, cartridge cases which have been fired may be reloaded with home-made bullets, bullets made with molds of standard makes, or with bullets purchased directly from the manufacturers of ammunition.

    The term shell is popularly applied to the cartridge case. This is an undesirable practice, inasmuch as the same term is thus used for two entirely different objects, for in firearms adapted to fixed ammunition of calibers larger than one inch the cartridges have the same components as cartridges for small arms, and the projectile is a shell containing a high explosive, gas, or shrapnel.

    Shotgun cartridges are popularly called “shotgun shells” in this country. Perhaps some justification for this practice is found in the similarity which exists between a shotgun cartridge and a projectile (shell) loaded with shrapnel.

    RIFLING

    Rifling consists of a number of helical (spiral) grooves cut in the surface of the bore. The raised helical surfaces thus formed are called the lands. The breech end of the lands are chamfered to form the forcing cone through which the bullet is led into the bore.

    The purpose of the rifling is to impart to an elongated projectile a motion of rotation about its longer axis (axis of symmetry) and thus insure the necessary stability in its flight.

    Rifling is of two kinds: uniform twist, in which the twist is constant throughout the bore; and increasing twist, in which the twist increases from the breech toward the muzzle end of the bore.

    With a very few exceptions, the barrels of small arms are rifled with a uniform twist, and this discussion will be confined to rifling with a uniform twist.

    The twist of rifling may be either right-handed or left-handed. In small arms it is expressed in the number of units of length (inches or millimeters) of bore in which it makes one complete turn.
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    FIG. 14.

    The tangent of the angle of twist is equal to the ratio of the circumference of the bore to the distance to make one complete turn. The bore diameter is the diameter of the original smooth bore. The groove diameter is equal to the bore diameter increased by twice the depth of a groove.

    The angle of twist is analogous to the angle between a tangent to a helix of uniform pitch (twist) at any point and the axis of the cylinder upon which the helix is described.

    If a sheet of paper 4 inches by 8 inches in size, as represented by ABCD in Fig. 14, upon which the diagonals AD and BC have been drawn, be rolled into a cylinder bringing the edge BD in contact with the edge AC, keeping the diagonals AD and BC on the inside of the cylinder thus formed, then the diagonal AD will represent a helix of uniform left-handed pitch (twist) and the diagonal BC a helix of uniform right-handed pitch, each making one complete turn in 8 inches. The circumference of the cylinder, which corresponds to the circumference of the bore, is 4 inches, and the tangent of the angle of twist in both helices is 4/8 or 1/2. The angle of twist for the helix AD is the angle CAD, and the angle of twist for the helix BC is the angle DBC. Obviously the angle CAD is equal to the angle DBC. The angle of twist in either case is approximately 26.5 degrees.
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    FIG. 15.
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    FIG. 16.

    Fig. 15 is a view looking into the muzzle of a barrel, and Fig. 16 is a diagram of a cross-section of the barrel. The rifling consists of six helical grooves g with a uniform left-handed twist. The raised portions l are the lands. The sides of the lands, b and c, are called the land shoulders. The left-hand side b of the bottom land, or the corresponding side of any other land, is the pressure side and is called the carry shoulder or driving edge of the land. On account of the reflection of light this side of the land appears in the photograph to be beveled, whereas it is actually the same as the right-hand side. Fig. 17 is a view of a longitudinal section of an old barrel showing the bullet seat and the forcing cone. Fig. 18 is a photomicrograph of a longitudinal section of a barrel like that of Fig. 15.
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    FIG. 17.

    Fig. 19 is a view looking into the muzzle of a barrel in which the rifling consists of five helical grooves with a uniform right-handed twist. In the case of rifling with a right-handed twist the right-hand side of the bottom land, or the corresponding side of any other land, is the pressure side and is called the driving edge.

    Fig. 20 is a photomicrograph of a longitudinal section of a barrel in which the rifling consists of six helical grooves with a uniform right-handed twist.
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    FIG. 18.
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    FIG. 19.

    THE MICROSCOPE. PHOTOMICROGRAPHY

    The microscope is the most important scientific instrument used in the identification of firearms from the ammunition fired therein. Professor Gage gives the following definitions:

    A simple microscope or magnifier is a lens or a combination of lenses to use with the eye. But one image is formed and that is upon the retina. The enlarged image has all its parts in the same position as they are in the object itself, that is, the image appears exactly as with the naked eye, except that it is larger.
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    FIG. 20.

    A compound microscope is one in which a lens, or combination of lenses, called an objective, forms a real image, and this real image is looked at by the eye and a magnifier, or ocular. The image seen has the object and its parts inverted. In the compound microscope then, two images are formed, one by the objective independent of the eye, and the other on the retina by the action of the eyelens of the ocular and the cornea and crystalline lens of the eye.5

    The field or field of view of a microscope is the area visible through a microscope when it is in focus.6

    The magnification, amplification, or magnifying power of a simple or compound microscope is the ratio between the apparent and real size of the object examined.7

    Magnification is expressed in diameters or times linear; that is, but one dimension is considered.8

    Thus if a circle be viewed through a microscope and the diameter of the apparent size of the circle is found to be five times the diameter of the real circle, then the microscope has a magnification of five diameters, or x5, the word “magnification” being usually indicated by the sign of multiplication. The area of the apparent circle would of course be 25 times the area of the real circle.

    In the examination of fired cartridge cases or bullets a magnification of 15 to 20 diameters is sufficient for ordinary purposes. In special cases it may be necessary to use a magnification of 30 diameters.

    The microscope may be used for measuring objects. One method of making such measurements is by means of an ocular or eyepiece micrometer. The eyepiece micrometer consists of a glass disk, with a graduated scale, which is placed upon a diaphragm of the ocular or eyepiece of the microscope and brought into focus so that the scale appears sharply defined to the observer. This scale is then used to measure the microscopic image in the field of the microscope. The divisions of the eyepiece micrometer are calibrated by replacing the object by a stage micrometer, the scale of which is graduated in known units. For example, if the stage micrometer has a scale of which each interval measures one millimeter and it is found that five divisions of the scale of the eyepiece micrometer correspond to one division of the microscopic image of the scale of the stage micrometer, then each division of the eyepiece micrometer corresponds to 1/5 or 0.2 millimeter.

    More refined measurements can be made with a micrometer eyepiece with a movable scale or a Filar micrometer eyepiece, which usually consists of an ocular with fixed cross lines and a movable line. The movable line is controlled by rotating a graduated drum, the circumference of which is generally divided into one hundred parts, one complete turn of the drum translating the movable line through one division of the scale in the eyepiece.

    Measurements of great precision are possible only by those skilled and trained in the art. The value of precision measurements made with metallic objects involving curved surfaces which have been more or less distorted is very questionable, and needless to say, precision measurements of such objects must be made at constant temperature. When consideration is given to the differences in the coefficients of expansion of steel, lead, copper, zinc, tin, antimony; the plasticity and elasticity of metals and alloys; the shock effect produced when the bullet comes in contact with a resisting medium; one recognizes the futility of attempting to establish the fact that a bullet was fired from a particular firearm by a comparison of measurements obtained from the bullet and the firearm.

    In the identification of firearms from the ammunition fired therein it is of paramount importance to be able to compare the microscopic images of two objects. This is accomplished by using a comparison ocular or comparison eyepiece in combination with two compound microscopes of identical magnifying power with matched objectives. The comparison eyepiece is an optical instrument which consists of a series of prisms in combination with an ocular arranged to place half the fields of two microscopes side by side. The comparison eyepiece has been known in one form or another since about 1886. Some comparison eyepieces are made to fit into the tubes of the two microscopes, thus replacing the oculars of the two microscopes; others are made to fit over the oculars. In the early forms of comparison eyepiece, the fields of the two microscopes were divided by a horizontal diameter so that the rear half of the field of one microscope was combined with the front half of the field of the other. In 1920, Carl Zeiss, Inc., brought out a comparison eyepiece in which the fields of the two microscopes were divided by a vertical diameter thus combining the left-hand half of the field of one microscope with the right-hand half of the field of the other. This latter form of comparison eyepiece is best adapted for use in the identification of firearms. The assembly of two compound microscopes and a comparison eyepiece is popularly called a “comparison microscope,” and it seems probable that Philip O. Gravelle, F.R.P.S., F.R.M.S., was the first recorded user of the comparison eyepiece in the identification of firearms.9 The intelligent use of the comparison microscope requires training and experience.

    In the apparatus shown in Fig. 21, the illumination is furnished by a 40-watt T-8 lamp in combination with a reflector made from a sheet of thin white cardboard. This source of illumination has proved very satisfactory for use within the range of magnification required.

    The bullets are attached to the holders by the use of beeswax. When comparing bullets fired from firearms with a right-handed twist of rifling, they should be placed under the microscopes with the nose pointing to the right of the observer so as to throw the light into the shoulders formed on the cylindrical surfaces of the bullets by the driving edges of the lands. For the same reason bullets fired from firearms with a left-handed twist of rifling should be compared with the nose pointing to the left of the observer.

    A number of types of comparison microscopes designed especially for comparing bullets and cartridge cases are now on the market in this country and abroad.

    A photomicrograph is a photograph of a small or microscopic object usually made with a camera in which the optical system of a microscope constitutes the lens of the camera.
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    FIG. 21.—Comparison Microscope with Camera Body Swung Back.

    Photomicrographs can also be made with the comparison ocular by connecting the camera body with the ocular as shown in Fig. 22.
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    FIG. 22.—Comparison Microscope with Camera Body in Position.

    With the camera body swung back (Fig. 21) the apparatus is available for visual use. The whole apparatus rests on sponge rubber pads to eliminate vibration. All photomicrographs used in illustrating this book were made by the authors with the apparatus shown in Fig. 22.

    Low-power photomicrographs can be made with a long-extension camera fitted with a photographic lens of short focus.

    An enlargement of a photograph may be made by passing the rays of light from the illuminant (daylight or artificial light) through the negative (plate or film) and then through a lens which forms the image on the sensitized paper or material.

    For these reasons it should be noted that an enlargement, as its name implies, is only an enlargement of the detail in the negative from which it is obtained. If, for example, a picture were printed on a sheet of thin rubber, the picture would be enlarged by stretching the rubber, but no new detail would appear.

    A photomicrograph combines magnification (enlargement) with the resolving power of the microscope. In the enlargement the resolving power of the microscope is lacking.
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    FIG. 23.—Photomicrograph (× 5.6) of a Cal. .45 Bullet.

    Fig. 23 is a photomicrograph (x5.6) of a bullet. Fig. 24 is a portion of the photomicrograph (Fig. 23) enlarged about 5.5 times. In the latter photograph, the area is presumably shown with a magnification of approximately 30 diameters, but in reality it has only the microscopic detail of the 5.6 magnification. Fig. 25 is a photomicrograph with a magnification of about 30 diameters of the same area on the bullet which appears in Fig. 24. The difference in the microscopic detail is quite evident from a comparison of these two photographs.
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    FIG. 24.—Enlargement.

    FIG. 25.—Photomicrograph (× 30).

    An enlargement may also be made from the positive print by photographing it, using a long-extension camera fitted with a short-focus lens, as in the case of a low-power photomicrograph. In the latter case the enlargement is in reality a photomicrograph of a photograph, magnifying all the details visible on the photograph, including the grain of the paper.

    When taking photomicrographs with the same intensity of illumination on the object the time of exposure must be increased in the proper proportion as the magnification is increased. Taking a photomicrograph with the comparison microscope also requires a longer exposure than using either microscope alone.

    TOOL-MARKS

    A study under the microscope of the surfaces resulting from various hand-tool and machining operations enables one to recognize a particular operation by an examination of the tool-mark pattern on the surface. In Fig. 26 are photomicrographs (x5.6) of the surfaces of pieces of cold-rolled steel showing the tool-mark patterns made by:

    A. A power-driven hack saw.

    B. Fine and coarse files.

    C. A grinding wheel.

    D. A lathe tool.

    E. A milling-machine cutter.

    F. A shaper tool.

    If the surface of a softer metal such as brass, lead, or copper is brought in contact under pressure with one of the surfaces of the pieces of cold-rolled steel shown in Fig. 26, it is quite evident that the tool-mark pattern on the surface of the cold-rolled steel will form its impression on the surface of the softer metal. “Ridges” on the surface of the cold-rolled steel will produce “valleys” on the surface of the softer metal, and vice versa. This fact furnishes one reason why a photomicrograph of a tool-mark pattern should not be compared with a photomicrograph of an impression when it is desired to determine whether or not the impression was formed by the tool-mark pattern. Another reason lies in the fact that the images in the two photomicrographs are reversed.
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    FIG. 26.—Tool-mark Patterns.

    The underlying principle may be stated as follows:

    If a surface is brought in contact under pressure with another harder surface, the resultant effect upon the softer surface will depend upon the relative hardness of the two surfaces, the character of the harder surface, the magnitude of the pressure, and the relative motion of one surface with respect to the other.10

    The principle as thus formulated is expressed in simple terms. It includes four factors: relative hardness, character of the harder surface, magnitude of the pressure, and relative motion. The term relative hardness is intended to embrace the physical properties of the metal or alloy, which in turn depend upon its grain structure. In many of the applications of this principle its four factors may not remain constant at all times, in which case the principle should be qualified as follows:

    If a surface is brought in contact under pressure with another harder surface, the resultant effect upon the softer surface at any instant will depend upon the relative hardness of the two surfaces, the character of the harder surface, the magnitude of the pressure, and the relative motion of one surface with respect to the other.

    The tool-mark patterns on surfaces formed by machining operations are all illustrative of this principle. That the four factors do not remain constant at all times is quite evident from the following considerations: metals and alloys are not perfectly homogeneous; the cutting speed varies; the operation of all types of metal-cutting machines is accompanied by more or less vibration; all metal-cutting operations are accompanied by the generation of heat; and the tool becomes dull with wear. In some machines provisions are made for controlling the temperature.

    In any metal-cutting operation the metal in contact with the cutter is stressed beyond its ultimate strength, and the result of any metal-cutting operation is a tearing rather than a true shearing action, the fineness or coarseness of the tear varying with the properties of the metal, the depth of the cut, and the properties and shape of the cutter. The tool-marks are produced by the tearing of the metal and not by the blunting of the cutter. The contour of the edge of the cutter governs the distribution of the stresses in the metal. The same edge of a cutter will produce tool-mark patterns on soft metals or alloys which are different from those it will produce on harder metals or alloys.

    Fig. 27 is a photomicrograph (x30) of the cutting edge, 1/8 inch wide, of a tool bit made of high-speed steel. Fig. 28 is a photomicrograph (x30) of the same tool bit after it was treated in an abusive manner in a shaper to cut a groove in a piece of cold-rolled steel to a depth of 1/16 inch. Fig. 29 is a photomicrograph (x30) of a portion of the groove cut in the cold-rolled steel by this same tool, and the result of the tearing action is well illustrated. The white spots are caused by the reflection of light on polished irregularities in the surface. A comparison of the negatives of Figs. 27 and 28 indicates no appreciable change in the contour of the cutting edge of the tool, even though the edge is shown with a magnification of 30 diameters.
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    FIG. 27.
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    FIG. 28.

    The importance of this principle becomes evident when consideration is given to the fact that, in small arms adapted to fixed ammunition, there are certain component parts, depending on the type of firearm, which are brought in contact under pressure with the softer metallic components of the cartridges fired in them.

    CLASS AND ACCIDENTAL CHARACTERISTICS

    There is an important analogy between the tracing of the origin of printed or typewritten material and the identification of a firearm from the ammunition fired therein. In both cases class characteristics and accidental characteristics play a controlling part.11

    Class characteristics are those which are determinable prior to manufacture. Before a particular type of firearm goes into mass production there will have been prepared the drawings, specifications, schedules of manufacturing operations; and since interchangeability of parts is essential, provision will have been made for the necessary gages, jigs, and fixtures. All information relating to the firearm which can be obtained or formulated from an examination and study of these drawings, specifications, and provisions will be grouped under the head of class characteristics. Such information may relate to the dimensions of component parts; peculiar features of design, operation, or construction; or the machining and other operations by which certain parts are produced. Class characteristics are controlled by man.

    [image: Images]

    FIG. 29.

    Accidental characteristics are those which are determinable only after manufacture. They are characteristics whose existence is beyond the control of man and which have a random distribution. Their existence in a firearm is brought about through the failure of a tool in its normal operation, through wear, abuse, mutilation, corrosion, erosion, and other fortuitous causes. The tool-mark patterns found on the various surfaces of a firearm are accidental characteristics. Dimensional variations in class characteristics, whether within or outside of the tolerances allowed by the specifications, are accidental characteristics, and these become apparent only when instruments of precision are employed. Accidental characteristics exist in all firearms and are independent of class characteristics.
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    FIG. 30.

    FIG. 31.

    Corrosion is the eating away of the surface of the metal by the formation of rust or other chemical action.

    Erosion is the result of firing; it is the breaking down and wearing away of the metal at the surface of the bore and the rifling. When a powder charge is ignited in a firearm, the gases generated by the combustion of the powder develop a high temperature and great pressure. When these gases, moving at high velocity, escape past the projectile, they attack the walls of the bore and cut irregular channels in the metal, destroying the surface of the bore and the rifling.

    Fig. 30 is a photomicrograph showing the effect of corrosion on the nickel-plated surface of a revolver barrel. Fig. 31 is a photomicrograph of a longitudinal section of a revolver barrel showing the condition produced in the bore by permitting the accumulation of black powder residue to remain for some years without cleaning.

    In the identification of firearms from the ammunition fired therein, the only useful class and accidental characteristics are those whose existence in a firearm become evident from an examination of the effects they produce on the metallic components of cartridges fired in it. Such characteristics will be termed pertinent characteristics.

    CLASSIFICATION

    Identification and classification are so closely associated that a person can not think of one without, consciously or unconsciously, involving the other. There are several ways in which characteristics may be classified, each serving a special purpose, each having its particular mode of grouping, but all with the same purpose in view—identification.

    A classification is necessarily based on a similarity of some sort, and it is therefore possible to group firearms according to pertinent class characteristics. For example, small arms can be classified under two general groups:

    Group I. Small arms with smooth-bore barrels. This group includes the various types of shotguns, the now obsolete types of smoothbore firearms, and freakish devices.12

    Group II. Small arms with rifled barrels.13 This group includes rifles, carbines, single-shot pistols, automatic pistols, revolvers, derringers, machine guns, automatic and semiautomatic rifles, and freakish devices.

    It should be noted that combination shotguns have one or two smooth-bore barrels in combination with another rifled barrel for use with a ball cartridge.

    Each of these groups can next be classified under four subgroups:

    Subgroup A. Small arms adapted to center-fire ammunition.

    Subgroup B. Small arms adapted to rim-fire ammunition.

    Subgroup C. Small arms adapted to pin-fire ammunition.

    Subgroup D. Small arms with flintlocks, matchlocks, wheel locks, or percussion locks.

    Firearms which may be manufactured so that they can be adapted to both rim-fire and center-fire ammunition would necessarily be included in both Subgroup A and Subgroup B.

    The process of classification may be continued by grouping according to pertinent class characteristics. After pertinent class characteristics are exhausted for the purpose of grouping, the further classification of a group of firearms with common pertinent class characteristics can be accomplished only by a grouping according to pertinent accidental characteristics.

    In such a classification, as the number of groups is increased the number of firearms in each group is decreased and the detail in the description of the firearms in each group is increased. The more minute the detail becomes in the description of an object the fewer will be the objects which answer the description.

    In the following description of a person it is quite evident that, as each item is added to the specification, the number of persons answering the description will be decreased:

    1. Human being. 2. Male. 3. White. 4. Age, 35 years. 5. Height, 6 ft. 6. Weight, 185 lb. 7. Brown hair. 8. Blue eyes. 9. Birthmark on left cheek. 10. Mole on right shoulder. 11. Scar on left portion of neck. 12. Right thumb amputated.

    Pertinent accidental characteristics are of vital importance in determining the identity of a particular firearm. Obviously not all firearms in existence can be examined for accidental characteristics, and therefore the science of identification becomes fundamentally a mathematical science in that it must determine from an examination of relatively small groups of firearms the probable distribution of accidental characteristics in the larger groups. The science of identification consequently has recourse to the laws of permutations and combinations, the theory of probability, and other mathematical principles—the same mathematical fundamentals which, in one form or another, find their application in practically every field of human endeavor. Faith in the use of finger prints as a means of identification has been built up even though there have been examined and classified the finger prints of but relatively few persons when compared with the total population of the earth.

    Thus if research develops the fact that in a particular type and make of firearm a certain accidental characteristic is likely to occur once in 100 firearms and another accidental characteristic once in 75 firearms, then the probability of the coexistence of these two accidental characteristics in one firearm is once in 75×100 or once in 7500 firearms.

    If a firearm possesses a combination of pertinent class and accidental characteristics not found in any other firearm, then such a combination becomes an individual peculiarity of the firearm by which it is differentiated from all other firearms in existence. There may be more than one combination of pertinent class and accidental characteristics which establish an individual peculiarity of a firearm.

    For the purpose of establishing the identity of the manufacturer of a particular cartridge case or bullet, ammunition may be classified in the same manner as firearms by grouping cartridge cases and bullets according to class characteristics. Further classification by grouping according to accidental characteristics is manifestly unnecessary.

    By way of illustration, photomicrographs of lead bullets and their bases used in the caliber .44 Smith & Wesson Special cartridge by the following American manufacturers are shown in Figs. 32 to 35:

    Fig. 32. Peters Cartridge Co.

    Fig. 33. Remington Arms Company-Union Metallic Cartridge Co.

    Fig. 34. Western Cartridge Co.

    Fig. 35. Winchester Repeating Arms Co. and the United States Cartridge Co.

    Class characteristics of these bullets are found in:

    1. Size and shape of bullet as indicated by the contour of a longitudinal cross-section.

    2. Width of cannelures.

    3. Location of cannelures.

    4. Spacing of the teeth in the knurling in the cannelures.

    5. Design of the base of the bullet.

    The Winchester Repeating Arms Co. has for some years been manufacturing ammunition for the United States Cartridge Co. At the time of this writing, for the sake of economy the same bullets are used in certain calibers and sizes of ammunition for both Winchester Repeating Arms Co. and United States Cartridge Co. Given such a bullet, it would be impossible to tell whether it was from a cartridge put out under the name of Winchester Repeating Arms Co. or of United States Cartridge Co. Recently the Western Cartridge Co. took over the Winchester Repeating Arms Co., and it is not improbable that in the near future the same bullets will be used in certain calibers and sizes of ammunition put out under the names of Winchester Repeating Arms Co., United States Cartridge Co., and Western Cartridge Co.

    [image: Images]

    Lead Bullets, Caliber .44 S. & W. Sp’l.

    FIG. 32.—Peters Cartridge Co.

    FIG. 33.—Remington Arms Co.-Union Metallic Cartridge Co.
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    Lead Bullets, Caliber .44 S. & W. Sp’l.

    FIG. 34.—Western Cartridge Co.

    FIG. 35.—Winchester Repeating Arms Co., and the United States Cartridge Co.

    Considering the types of problems in connection with the identification of firearms, it is found that every firearm adapted to fixed ammunition engraves its signature on the ammunition fired in it, one part of the signature appearing on the cartridge case and the other part on the bullet. In the case of a shotgun cartridge, part of the signature appears on the surface of those pellets which have come in contact with the surface of the bore. In the case of a muzzle-loading firearm, all the signature appears on the bullets fired therefrom. If the firearm is loaded with shot or buckshot, the signature is distributed over the surfaces of those pellets which come in contact with the walls of the bore.

    The signature is engraved in accordance with the principle stated on page 27.

    If a surface (cartridge case, primer, bullet, or pellet of shot) is brought in contact under pressure with another harder surface (surface of component part of a firearm), the resultant effect upon the softer surface (cartridge case, primer, bullet, or pellet of shot) at any instant will depend upon the relative hardness of the two surfaces, the character of the harder surface, the magnitude of the pressure, and the relative motion of one surface with respect to the other.

    The component parts, depending on the type of firearm, with which a cartridge case may come in contact are: chamber, breechblock, recoil plate, firing pin, hammer, extractor, ejector, magazine, and those with which the cartridge comes in contact from the time it reaches the top of the magazine until it is in the chamber of the firearm.

    In a firearm with a rifled barrel the component parts with which a bullet may come in contact are: chamber, forcing cone, lands and grooves.
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    FIG. 36.—Caliber .38 M. & P. Smith & Wesson Revolver. 1. Front sight. 2. Forward cylinder lock. 3. Right hand barrel thread and right hand rifling. 4. Cylinder. 5. Cylinder stop. 6. Ratchet. 7. Rear cylinder lock. 8. Thumb piece. 9. Hammer and trigger. 10. Hammer block. 11. Main spring. 12. Main spring anchorage. 13. Trigger spring and hammer rebound.
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    FIG. 37.—Phantom View of Colt Official Police Model Revolver.

    For the nomenclature of the component parts of a revolver see Figs. 36 and 37. For the nomenclature of the component parts of an automatic pistol see Fig. 38.

    The signature plays the same part in the identification of a firearm that the typewritten material does in the identification of a typewriter. Obviously all conclusions as to the identity of a particular firearm must be based solely on an analysis of the signature.
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    FIG. 38.—Colt Automatic Pistol.

    An individual peculiarity of a firearm may be established from a combination of pertinent class and accidental characteristics which are recognizable from an examination of that part of the firearm’s signature which appears on the bullets fired from it, or the individual peculiarity may be established from a combination of pertinent class and accidental characteristics which are recognizable from an examination of that part of the firearm’s signature which appears on the cartridge cases fired therein.

    ANALYSIS OF MOTION OF BULLET THROUGH BORE OF AUTOMATIC PISTOL

    The way in which a firearm engraves its signature on the ammunition fired in it is well illustrated by the automatic pistol, caliber .45, model of 1911, U. S. Army.14

    In passing through the bore of a firearm, the lands of the bore form grooves on the cylindrical portion of the bullet, and the engravings found in these grooves will be referred to as land engravings.

    The engravings on the raised parts of the cylindrical portion of the bullet (lands) are the result of contact with the grooves of the bore, and these engravings will be termed groove engravings.
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    FIG. 39.

    A land shoulder on a bullet which was in contact with a driving edge of a land in the bore of a firearm will be called the “driven edge of the land.”

    The barrels of this pistol are interchangeable. Fig. 39 is a view of a section of a barrel with a ball cartridge (center-fire) in the chamber. The total length of the ball cartridge is 1.261 inches,15 and its components consist of cartridge case, primer, powder charge, and bullet.

    The cartridge case, Fig. 40, is 0.895 inch long and is made of brass. In the head of the case there is a small cylindrical chamber to receive the primer. This chamber is provided with a small hole which communicates with the powder chamber. The primer, Fig. 41, is of the same type as that described on page 9 and shown in Fig. 11.

    The bullet consists of a jacket made of gilding metal, enclosing a core of lead and antimony composition. The bullet weighs 230 ± 2 grains and has a length of 0.662 inch. The cylindrical part of the bullet has a diameter of 0.45015 inch. The bullet is seated in the cartridge case to a depth of 0.296 inch. In the manufacture of ammunition for this pistol, present methods of the Ordnance Department provide for seating the bullet in the cartridge case without crimping the case to the bullet and without the use of indents.
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    FIG. 40.—Cartridge Case.

    The powder is smokeless; the charge varies with the powder and is usually about 5 grains.

    The cartridge, although rimless, is intended also for use, when clipped, in both the Colt and Smith & Wesson army revolvers, M-1917. (See Fig. 13.)

    The barrel is 5.025 inches long. The rifling consists of six helical grooves cut in the surface of the bore, which is 4.130 inches long and has a diameter of 0.445 inch. (See Figs. 15 and 16.) The rifling is of uniform left-handed twist, making one complete turn in 16 inches. The tangent of the angle of twist is equal to the ratio of the circumference of the bore to the distance to make one complete turn, or 0.445 π/16=0.0875, and therefore the angle of twist is approximately 5 degrees. The grooves are 0.1522 inch wide and 0.003 inch deep. The lands are 0.072 inch wide. The forcing cone (Fig. 17) is formed by chamfering the breech ends of the lands, and the lands rise to their full height of 0.003 inch in a distance of 0.086 inch from the beginning of the bullet seat. The lands therefore rise at an angle of 2 degrees.
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    FIG. 41.—Primer.

    Before it becomes possible for the bullet to take up the motion of rotation about its longer axis, its cylindrical part must be provided with grooves into which the lands of the bore will fit. The formation of these grooves when the bullet is driven through the bore by mechanical means will be first considered.

    The diameter of the cylindrical part of the bullet (0.45015 inch) is larger than the bore diameter (0.445 inch) and smaller than the groove diameter (0.451 inch) of the bore; therefore, when a bullet is forced into the bore for a short distance by mechanical means, it will become wedged in the forcing cone and be subjected to compressive forces which tend to imbed the chamfered ends of the lands in the surface of the jacket of the bullet, decrease the diameter of the bullet across opposite lands of the bore, and increase its diameter across opposite grooves of the bore. Fig. 42 is a diagram showing the wedge formed by the chamfered ends of two opposite lands. When the force acting on the base of the bullet is removed there is also a tendency for the bullet to increase in length on account of the radial compression.

    Driving a bullet through the forcing cone is in the nature of a drawing operation, and in some types of firearms the metal of the jacket in the grooves formed on the cylindrical portion of the bullet is drawn so that it extends below the base of the bullet.

    Under ideal conditions the radial compressive forces will so deform the bullet that in its deformed state it will conform to the contour of the cross-section of the bore and thus seal the bore and prevent the escape of powder gases. In the automatic pistol the pressure of the powder gases expands the cartridge case; this expansion tends to prevent the escape of gases to the rear. There is some escape of powder gases past the bullet as it moves through the bore; but the pressure of the gases exerted on the base of the bullet tends to give obturation, as a bullet under normal conditions eventually expands so as practically to fill up the grooves of the barrel.16

    In order to drive a bullet through the bore it is necessary that the force applied to the base of the bullet be greater than the opposing force of friction. While a bullet is being driven through the bore, its surface is subjected first to the abrasive action of the chamfered ends of the lands (forcing cone) and then to the plowing action of the driving edges of the lands and the abrasive action of the surfaces of both lands and grooves. The engraving of the surface of the bullet is therefore the combined result of all these actions.

    In the diagram, Fig. 43, let abcd represent the surface of a land of the bore; ab, the end of the land, or the intersection of the cylindrical surface of the land with the conical surface of the forcing cone; and F a force acting in a direction normal to the base of the bullet. The force F in pounds is equal to the product of the intensity of the pressure per square inch and the area of the base of the bullet, the latter being approximately 0.16 square inch. Initially the motion of the bullet is one of pure translation along the axis of the bore. As the bullet moves forward in the bore under the action of the force F, the end ab of the land first comes in contact with the surface of the bullet at nm. When the end of the land ab has reached the position fe, the point a will have described the line nf and the point b the line me, and the end of the land ab will have scraped the surface of the bullet over the area nmef. The lines nf and me will be parallel to the axis of the bore. The driving edge of the land will be in the position kf, and the area nfk will have been subjected to the plowing action of the driving edge ad. If now the driving edges of the lands have imbedded themselves in the bullet to such a depth that the metal in contact with them is sufficient to withstand the tangential force exerted by them through the force F, the bullet will take up a motion of rotation and the end of the land ab will scrape the area fets as the bullet continues its motion. The surface of the bullet is therefore no longer subjected to the scraping action of the ends of the lands after the base of the bullet has passed into the bore, but only to the abrasive action of the surface of the lands. When the radial compression has deformed the bullet so that its surface also comes in contact with the surface of the grooves of the bore, then such surface of the bullet in contact with the surface of the grooves of the bore will also be subjected to an abrasive action.
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    FIG. 42.
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    FIG. 43.
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    FIG. 44.

    If the bullet does not take up a motion of rotation until after the the base of the bullet has passed into the bore, the driving edge of the land may occupy the position ks in the diagram, Fig. 44, and the land shoulder the position ht. While there is always a tendency for the driving edge of the land to imbed itself in the surface of the bullet and thus prevent the escape of powder gases along ad, Fig. 43, the same is not true for the land shoulder. If the bullet does not take up a motion of rotation until after the base of the bullet has entered the bore as shown in Fig. 44, powder gases will escape at tv along the area thmv, and it is this escape of powder gases under high pressure and temperature that causes erosion along the land shoulder.

    It is of utmost importance to note that the relative positions of the areas htsk and metsfn in Fig. 43, and the areas htsk and mvun in Fig. 44, depend upon the position of the end of the land ab with reference to the bullet at the instant that the latter takes up the motion of rotation. The area htsk represents the area of the surface of the groove formed in the surface of the bullet to receive the corresponding land of the bore, and the area metsfn in Fig. 43, or the area mvun in Fig. 44, represents the area of the surface of the bullet that has been subjected to the scraping action of the ends of the lands ab.

    Fig. 45 is an enlargement of a photograph of the surface of a bullet corresponding to the areas referred to in Figs. 43 and 44. The breech end of one of the lands of the barrel from which this bullet was fired has a number of irregularities which produce the lines shown in the photograph that are parallel to the axis of the bore. This can be verified without firing a bullet through the barrel; it is only necessary to force a bullet into the breech end of the barrel until the base of the bullet is flush with the breech end of the lands and then force it out of the same end. An examination of the land engraving on the surface of this bullet will reveal all striae made by the irregularities which exist at the breech end of the lands or in the edge ab in Fig. 43.
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    FIG. 45.—Land Engraving.

    To obtain some idea of the magnitude of the force F, experiments were made at the Carnegie Laboratory of Engineering, Stevens Institute of Technology, in which bullets were slowly driven through the bore and the resistance encountered was measured in a testing machine. In one of these tests a bullet was slowly driven through the bore of a barrel, a short distance at a time. The bullet was of Frankford Arsenal manufacture with a jacket of gilding metal. The barrel was one that had been used considerably, and the bore showed signs of erosion. The force necessary to drive the bullet through the bore was initially 230 lb. (1437 lb. per sq. in.). From this it gradually increased to 350 lb. (2187 lb. per sq. in.), and then gradually decreased to 214 lb. (1337 lb. per sq. in.) when the point of the bullet was 1.5 in. from the muzzle. From this point the force again increased to 300 lb. (1875 lb. per sq. in.) at the muzzle. The greatest decrease in the driving force took place while the bullet was in the area of the bore which had been subject to erosion. The results of the tests also indicate that the resistance decreases somewhat as the speed of the bullet increases.

    Considering now what occurs when a bullet is driven through the bore of the pistol by the force of the expansion of the powder gases. After the charge is ignited the powder burns and produces a large volume of gas. As soon as the expansive force of the powder gases is sufficient to overcome the friction of the wall of the cartridge case, the bullet moves forward in the bore, and after it has moved forward about 0.07 in. it comes in contact with the chamfered ends of the lands forming the forcing cone. The maximum pressure developed in the barrel is between 12,000 and 14,000 lb. per sq. in., and hence the maximum force is between 1920 and 2240 lb. The pressure probably reaches a maximum at the instant the bullet strikes the forcing cone. The bullet passes through the bore in approximately 0.001 sec. and leaves the muzzle with a velocity of 802 ft. per sec.; its kinetic energy upon leaving the muzzle is therefore 329 ft-lb. Since the twist of the rifling makes one complete turn in 16 in., the bullet will rotate at the rate of 802×12/16=601.5 turns per second or 36,090 turns per minute at the instant it leaves the muzzle.

    The resistance encountered by a bullet in its passage through the bore is called the passive resistance. The accelerating force at any instant is therefore the difference between the force acting on the base of the bullet and the resisting force or passive resistance.

    Chronographs are employed to determine the time it takes a projectile to travel a known distance between two fixed points at some distance from the muzzle. This gives the average velocity for the distance measured and this average velocity is called the instrumental velocity and is the actual velocity the projectile will attain at a point approximately midway between the two fixed points. From this instrumental velocity the muzzle velocity is calculated. In certain types of firearms the projectile is further accelerated by the blast of the powder gases after it leaves the muzzle. In such cases the calculated muzzle velocity will be slightly higher than the actual muzzle velocity because the calculated muzzle velocity is determined on the assumption that there is no muzzle blast.

    A complete analysis of the deformation that the bullet undergoes as it passes through the bore of the pistol may therefore be divided into two parts: the first dealing with the formation of grooves in the surface of the bullet, and the second with marks and striae that the surface of the bullet reveals on account of its contact under pressure with the surface of the walls of the bore and the driving edges of the lands.

    When a bullet is fired from a pistol the formation of the grooves is largely dependent upon variations in the dimensions of both the bore and the bullet, to which reference has already been made. A bullet of normal size fired in a bore whose diameter is larger than normal would show an effect similar to that of an undersized bullet fired in a bore of normal diameter.

    The formation of the grooves is also dependent upon the hardness of the metal of the jacket of the bullet as well as upon the position of the axis of the bullet with respect to the axis of the bore. The average length of the grooves formed in the surface of the bullet is about 0.30 in. Under normal conditions it is found that the distance km in Figs. 43 and 44 is wider when a bullet is driven through the bore at high velocity by the force of the expansion of the powder gases than when driven slowly by mechanical means, which indicates that in the latter case there is less stripping and the bullet takes up the motion of rotation sooner. The distance km increases as the barrel becomes worn and eroded.

    Stripping is said to take place when the bullet is moving with a motion of translation accompanied by a motion of rotation less than that provided for by the rifling.

    The second part of the analysis resolves itself into an interpretation of the marks and striae that the surface of the bullet reveals on account of its contact under pressure with the surface of the walls of the bore and the driving edges of the lands.

    If there is a slight protrusion at some point in the bore, then such protrusion will scratch the surface of the bullet upon coming in contact with it as it passes through the bore, and the shape of the scratch will depend upon the relative motion of the bullet with reference to the point at which the protrusion is located.

    Consider the convex surface of the cylindrical part of the bullet as that of a right circular cylinder. The development of this surface will be a rectangle ABCD, Fig. 46, in which the length of the side AB is equal to the circumference of the cylinder, and that of the side AD to its altitude. A helix of uniform pitch described on the surface of the cylinder will appear as a straight line ab in the development. If ac be drawn perpendicular to AB, then ca represents the translation of the cylinder along its axis in the direction c to a, and bc represents the rotation of the cylinder about its axis in the direction b to c.

    If X represents the angle between ab and ac, then bc/ac = tan X, in which X is the angle of twist previously defined.

    In the development, therefore, a straight line indicates a motion of pure translation of the cylinder along its axis when X = 0 degrees; a motion of pure rotation of the cylinder about its axis when X = 90 degrees; and a helix of uniform pitch and hence a motion of translation and rotation in which the rotation is proportional to the translation, when X is greater than 0 degrees and less than 90 degrees.
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    FIG. 46.

    If follows, then, that a curved line such as ef indicates a motion of translation and rotation in which the rotation varies with the translation, in which case the angle of twist is a variable angle.

    Considering the surface of the bullet and assuming the axis of symmetry of the bullet coincident with the axis of the bore as the bullet passes through the bore, then a slight protrusion at some point in the bore will produce a scratch parallel to the axis of the bullet when the motion of the bullet is one of pure translation. In this case the protrusion must be located in the bore at or very close to the breech under normal conditions.

    A scratch parallel to the impression made in the surface of the bullet by a driving edge of a land of the bore indicates that the bullet was moving with a motion of translation and the full rotation provided for by the rifling, and therefore the protrusion cannot be located in the bore in the vicinity of the breech under normal conditions.

    The striae in the grooves of the bore may be regarded as tiny ridges and valleys running parallel to the lands, and these can produce corresponding striae on the surface of the bullet only when the latter has a motion of translation and the full rotation provided for by the rifling; if the rotation is less than that provided for by the rifling, then these groove striae will scrape the surface of the bullet with which they come in contact. In the same way a tiny ridge in the bore parallel to the axis can produce a scratch parallel to the axis of the bore only when the bullet has a motion of translation alone.

    A scratch starting out in a direction parallel to the axis of the bore, and then gradually changing its direction until it is parallel to the impression made by a driving edge of a land of the bore, indicates a motion of translation with an accelerating rotation and must therefore take place at the instant that the rifling takes effect; the curve ef in Fig. 46 illustrates the development of such a scratch; the protrusion producing it must therefore be located in the vicinity of the breech under normal conditions.

    The direction of a straight line or the direction of a curve at any point is indicated by the angle X in the development, and the magnitude of this angle cannot exceed that of the angle of twist of the rifling of the bore through which the bullet subjected to this analysis has passed. In other words, if a scratch on the surface of a bullet is developed and this development indicates a direction for which the angle X exceeds the angle of twist of the bore through which the bullet passed, then such scratch was not produced while the bullet passed through the bore. This is of extreme importance in making an analysis of the scratches on the surface of a bullet which has met with an obstruction in its path and as a result of which it has been much deformed and its surface scratched and mutilated.

    In the case of a barrel in which the rifling is of uniform right-handed twist, the point b is laid off on the line AB to the left of the point c in Fig. 46.

    Following the same line of reasoning outlined above, it becomes possible to interpret the motion of a bullet at the instant that any particular scratch was produced on its surface. If, however, a bullet were fired through a barrel in the bore of which there happened to be a loose particle of steel, then it would be a difficult matter to predict how this would affect the engraving of the surface of the bullet. On the other hand, in forming the grooves in the surface of the bullet the driving edges of the lands cut away tiny particles of metal from the jacket, and if one of these particles becomes lodged in the bore it may produce a very pronounced scratch on the surface of the next bullet fired; this scratch will probably not again appear on the surface of succeeding bullets.

    MANUFACTURE OF PISTOL BARRELS

    The operations incident to the manufacture of barrels, and more particularly, the methods adopted by the Ordnance Department in the manufacture of barrels for the automatic pistol, caliber .45, Model 1911, U. S. Army, are as follows:

    The barrels are drop-forged in pairs from a rectangular bar of hot-rolled manganese steel. These forgings (Fig. 47) are then subjected to the following operations: (1) annealing, (2) pickling, (3) trimming, (4) inspection, (5) heat treating (quench in oil, draw), (6) test for hardness, (7) pickle, (8) straightening (when necessary), (9) inspection, (10) burring, (11) mill between lugs, (12) mill ends, (13) center—both ends, (14) rough turn ends, (15) rough turn between lugs, (16) inspection, (17) shouldering, (18) inspection, (19) drilling bore, (20) first reaming of bore (2 reamers), (21) inspection, (22) finish turning, (23) inspection, (24) grinding body, (25) inspection, (26) second reaming (rough—2 reamers), (27) third reaming (finish—3 reamers), (28) inspection.

    The barrels are now ready for the rifling operation. The rifling consists of six helical grooves cut in the surface of the bore with a uniform left-handed twist, making one complete turn in 16 inches. The barrels are rifled with what is known as a scrape cutter. Fig. 48 shows a close-up view of one of these cutters in place in the rifling head. The length of the cutting edge is 0.45 inch and the width of the finished groove is 0.1522 inch, hence the ratio of groove width to length of cutting edge is approximately 1 to 3. Fig. 49 shows a longitudinal view of the rifling head with the two cutters and wedge in place. The cutters are elevated by means of the wedge shown entering the left end of the rifling head.

    For the convenience of explanation, the consecutive grooves of the bore will be referred to by the numbers 1 to 6, inclusive, and the cutters will be designated by the letters A and B. Cutter A has one corner knocked off and cutter B has the opposite corner knocked off so that, when the rifling head is passed through the barrel the first time, cutter A cuts one corner of groove 1 and more than half the groove width while cutter B cuts the opposite corner of groove 4 and more than half the groove width. After the cutters have passed through the barrel and back in the same groove, the barrel is rotated one-sixth of a turn and the rifling head passed through the barrel and back for the second time making the initial cuts of grooves 2 and 5. The barrel is again rotated one-sixth of a turn and the initial cuts of grooves 3 and 6 are made on the third pass of the rifling head.

    The barrel is again rotated one-sixth of a turn and the rifling head passed through the barrel and back for the fourth time, cutter B completing the initial cut of groove 1 and cutter A the initial cut of groove 4. After the barrel has been rotated one complete turn and the rifling head has passed through the barrel and back six times, the initial cuts of all six grooves have been completed. The wedge is now fed in the proper distance to elevate the cutters for the next cut, and the cycle as described is repeated until the grooves have been cut to the proper depth. The wedge is fed in approximately seventy times during the rifling operation so that the rifling head passes through the barrel and back approximately 420 times. After the required depth of groove has been obtained, the rifling head with cutters remaining set at that position is allowed to pass through the barrel and back for approximately 15 minutes as a smoothing operation. About five barrels (double) can be rifled before the cutters require regrinding. In 1931 the use of double cutters was discontinued, and pistol barrels are now rifled with a single cutter.

    [image: Images]

    FIG. 47.—Single Forging for Pair of Barrels.

    FIG. 48.—“Scrape” Cutter.

    FIG. 49.—Longitudinal View of Rifling Head with Two Cutters and Wedge in Place.

    FIG. 50.—Rifled Barrels before Separation.

    At this stage the barrels appear as shown in Fig. 50. The rifling is followed by the following operations in the sequence given: (1) inspection, (2) cut in single lengths, (3) inspection, (4) face rear end, (5) chamfer both ends, (6) inspection, (7) mill right and left sides, (8) inspection, (9) rotary mill rear end of lug and taper on barrel, (10) burr rear corner of lug, (11) inspection, (12) handmill face of breech, (13) inspection, (14) drill and ream link pin hole, (15) burring, (16) form front of lug to shape, (17) burring, (18) mill radius on bottom of lug, (19) mill locking grooves, (20) inspection, (21) mill link slot, (22) grind top of breech, (23) burring, (24) inspection, (25) chamber, (26) inspection, (27) first polishing (approximately 2 inches of muzzle end), (28) chamber over breech end, (29) mill headspace, (30) burring, (31) inspection, (32) mill cartridge clearance cut, (33) inspection, (34) face muzzle to length, (35) inspection, (36) second polishing (finish), (37) file and corner, (38) inspection, (39) carbonia black, (40) proof fire, (41) cleaning, (42) stamp—proof mark, (43) grease (rust-preventive compound).

    It is interesting to note that the interior surfaces of a pair of barrels manufactured in accordance with the operations enumerated above will be quite different from one another, and for the following specific reasons:17

    First, in chambering the separated barrels, approximately 2 inches of the rifling at the center of the double barrel is removed and therefore there will be a difference in phase of about one-eighth of a turn or 45 degrees between the breech ends of the corresponding grooves in the two barrels when they are placed in the position occupied before separation as shown in Fig. 50.

    Second, if the successive grooves at the right-hand end of the double barrel in Fig. 50 be numbered 1 to 6 in a clockwise direction, then these same grooves will carry through to the left-hand end of the double barrel with the numbers 1 to 6 in a counter-clockwise direction. In other words bullets passing through these barrels when separated will rotate in opposite directions with reference to the axis of the double barrel, and the driving edges of corresponding lands in the two barrels will be reversed. In one of the separated barrels the driving edges of the lands will have been formed by cutter A while those of the second barrel will have been formed by cutter B.

    Third, the various operations to which the barrels are subjected after separation introduce new accidental characteristics which will produce their resultant effect upon bullets fired from them and the probability of the accidental characteristics so introduced in one of the barrels being exactly reproduced in the other barrel is very remote.

    Fourth, if any similarity in the signatures of such a pair of barrels did exist it could become plainly evident only from a comparison of the signatures on the bullets when they are placed base to base under the comparison microscope and not nose to base as is normally the case. Even if corresponding grooves of a pair of barrels did produce the same effect upon the surfaces of bullets fired from them, the pattern of the groove engraving on bullets fired from one barrel would necessarily be reversed on the bullets fired from the other barrel, unless such pattern was symmetrical about the center line of the groove engraving; however, the production of a pattern of perfect symmetry about the center line of the groove engraving is highly improbable.

    Engravings on bullets fired from a pair of double barrels manufactured at Springfield Armory in 1930 are shown in Figs. 51 to 54. Fig. 51 is a comparison of land engravings produced by the same land of the double barrel with bullets compared nose to base, and in Fig. 52 the same engravings are shown with the bullets compared base to base. Fig. 53 is a comparison of the engravings produced by the same groove of the double barrel with the bullets compared nose to base, and in Fig. 54 the same engravings are shown with bullets compared base to base.

    The automatic pistol is also manufactured by the Colt’s Patent Fire Arms Manufacturing Co. and is known as their Government Model, Automatic Pistol, Caliber .45. The Colt barrels are each manufactured from special rolled steel which is made up to their own specifications. The rifling tool is drawn through one barrel at a time in the direction from breech to muzzle, and the barrels are not lead lapped after the rifling operation.

    In some types of firearms the barrels are lead lapped or leaded as a finishing operation. This lapping is usually accomplished by means of a lead, tin, and antimony rod which has been cast, using the barrel as a mold and charging with a very fine abrasive and oil. In general, barrels designed primarily for use with metal-jacketed bullets are not lapped.
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    FIG. 51.

    FIG. 52.

    Some manufacturers use a hook cutter in rifling barrels. The cutting edge of this type of cutter lies in a plane perpendicular to the axis of the bore, and the ratio of length of cutting edge to groove width is unity. In barrels rifled with a single cutter, all grooves are formed by the same cutting edge unless the cutter is removed during the operation and reground.
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    FIG. 53.

    FIG. 54.

    If it were possible to make photomicrographs of the entire interior surfaces of the bores of barrels of common class characteristics, it would probably develop that no two of these photomicrographs would agree in all details. The tool-marks on the surfaces of the lands, grooves, land shoulders, and forcing cone form in any one barrel a pattern which will not be reproduced in its entirety in any other barrel with the same class characteristics; but not all variations in this pattern are recognizable from the land and groove engravings on bullets fired through these barrels.

    RECOVERY OF BULLETS

    Test bullets may be recovered by firing them into two or more one-pound rolls of absorbent cotton placed end to end in a container, or the container may be filled with a soft grade of cotton waste. When ammunition loaded with smokeless powder is used the muzzle of the firearm may be held close to the cotton. When ammunition loaded with black or semi-smokeless powder is used, the muzzle of the firearm must be held at some distance from the cotton, usually between 3 and 5 feet, to prevent the cotton from being ignited. In general when firing ammunition loaded with smokeless powder in firearms with short barrels a considerable number of unburned powder grains may be forcibly ejected and found adhering to the cotton. Before any test shots are fired a mark should be made at the nose of each bullet, using a small file for this purpose. Each cartridge should be placed in the chamber of the firearm so that this mark will always occupy a definite position at the instant of firing. By noting the position of the mark at the nose of the bullet in reference to some identifying letter or mark on the head of the cartridge case, the position of the cartridge case at the instant of firing will also be known.

    The bullets shown in Figs. 55 to 61 were fired from different barrels in an automatic pistol, caliber .45, Model 1911, U. S. Army. The bullet shown in Fig. 55 was fired from a new barrel manufactured at Springfield Armory. The bore diameter of this barrel measures 0.4449 inch at the muzzle; at 1 inch from the muzzle the diameter is 0.4447 inch, and this dimension continues on to the breech.

    The bullet shown in Fig. 56 was fired from a barrel manufactured by the Colt’s Patent Fire Arms Manufacturing Co. As indicated by the land engraving on the bullet, the bore diameter of this barrel is slightly larger at the breech than farther along the bore to the muzzle.
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    FIGS. 55 TO 58.

    The bullet shown in Fig. 57 was fired from a barrel which has had considerable use, and the land engraving shows the effect of erosion; the bullet shown in Fig. 58 was fired from a barrel in which the erosion had reached the stage at which the barrel was no longer serviceable for accurate shooting.

    The land engraving on the bullet shown in Fig. 59 shows the effect of corrosion; this barrel had not been given any attention for many years prior to which it had been used very little.
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    FIG. 59.

    FIG. 60.

    The bullet shown in Fig. 60 was undersize and made very little contact with the lands. The black area is the result of the action of the powder gases escaping past the bullet under high pressure and temperature.

    The jacket of the bullet is drawn, and its surface reveals striae parallel to the axis of symmetry as a result of this operation. These striae must not be confused with scratches that the bullet receives in its passage through the bore. Fig. 61 shows clearly the striae resulting from the drawing operation.

    Fig. 62 is a view of the breechblock of a pistol with the firing pin and the extractor removed. The tool-mark pattern on the breeching face (surface of the breechblock) leaves its impression on the head of the cartridge case and the primer cup as these are forced against the breechblock by the expansive force of the powder gases, since the pressure developed by the powder gases is exerted in all directions.

    The extractor, Fig. 63, will leave a mark on the side of the cartridge case near the base by which the position of the cartridge in the chamber of the barrel at the instant of firing can be determined. Extractor marks are also found on the cases of unfired cartridges which have been ejected from the pistol.



OEBPS/Images/f0054-02.jpg





OEBPS/Images/f0048-01.jpg





OEBPS/Images/f0029-01.jpg





OEBPS/Images/f0054-01.jpg





OEBPS/Images/f0021-01.jpg
Ao

- smemmce u«

i






OEBPS/Images/f0012-01.jpg
g 1
T





OEBPS/Images/f0016-02.jpg





OEBPS/Images/f0041-02.jpg





OEBPS/Images/f0016-01.jpg





OEBPS/Images/f0041-01.jpg





OEBPS/Images/f0009-01.jpg





OEBPS/Images/f0035-01.jpg





OEBPS/Images/f0039-01.jpg
FIRING PIN REAR MAGAZINE FOLLOWER

SLIDE LOCK SAFETY. FIRING PIN FRONT

FIRING PIN LOCK PIN FIRING PIN SPRING

REAR SIGHT EXTRACTOR BARREL

SLIDE

FRONT SIGHT
EJECTOR PIN,

EJECTOR
~,

MAGAZINE
SAFETY —_
DISCONNECTOR

HAMMER -

HAMMER ROLL
HAMMER ROLL PIN
RETRACTOR SPRING

SEAR

RECEIVER
SEAR & SAFETY PIN

AUTO SAFETY ] = RETRACTOR SPRING GUIDE

SEAR SPRING o | TRIGGER

MAGAZINE SPRING

MAIN SPRING

.

GRIP SAFETY Pl
MAGAZINE CATCH





OEBPS/Images/frontcover.jpg
AMMUNITION
FIRED THEREIN
WITH AN ANALYSIS
OF LEGAL AUTHORITIES

JACK DISBROW
GUNTHER AND
CHARLES 0.

GUNTHER

i l:‘ﬂm






OEBPS/Images/f0026-01.jpg





OEBPS/Images/Dot.jpg





OEBPS/Images/f0043-01.jpg





OEBPS/Images/f0043-02.jpg





OEBPS/Images/f0005-01.jpg





OEBPS/Images/f0022-01.jpg





OEBPS/Images/f0043-03.jpg





OEBPS/Images/f0015-01.jpg





OEBPS/Images/f0057-01.jpg





OEBPS/Images/f0011-01.jpg





OEBPS/Images/f0023-01.jpg





OEBPS/Images/f0056-01.jpg





OEBPS/Images/f0008-01.jpg





OEBPS/Images/title.jpg
THE IDENTIFICATION OF
FIREARMS

From Ammunition Fired Therein
With an Analysis of Legal Authorities

e

JACK DISBROW GUNTHER, AB., LLE.
enterof e Neo York St B

0. GUNTHER, M.

ke Lisirat O,
e

TARLES
Pt o Mot S L

Skyhorse Publshing





OEBPS/Images/f00vi-01.jpg





OEBPS/Images/f0014-02.jpg





OEBPS/Images/f0014-01.jpg





OEBPS/Images/f0037-01.jpg





OEBPS/Images/f0010-01.jpg





OEBPS/Images/f0051-01.jpg





OEBPS/Images/f0024-01.jpg





OEBPS/Images/f0028-01.jpg





OEBPS/Images/f0028-02.jpg





OEBPS/Images/f0045-01.jpg





OEBPS/Images/f0007-01.jpg





OEBPS/Images/f0040-01.jpg





OEBPS/Images/f0013-01.jpg





OEBPS/Images/f0017-01.jpg





OEBPS/Images/f0034-01.jpg





OEBPS/Images/f0038-01.jpg
EJECTOR AND RATCHET RECOIL PLATE

FIRING PIN

CRANE BUSHING

EJECTOR SHRING | /FIRING PIN RIVET
FRONT SIGHTY \ i / HAMMER
5 CRANE LOCK SCREW /o ey -
4 BARREL 3 / / LATCH PIN
. y : CHAMBER 6 CARTRIDG L

COLT POLICE POSITIVE
LOCK SAFETY

e /

SAFETY LEVER

EJECTOR ROD HEAD~— § /HAMMER STIRRUP

ROD ~ ~HAMMER STIRAUP PiN

EJECTOR
CALINDER

—MAIN SPRING

REBOUND LEVER

CHANRE LOCK”
THIGGER PIN~

FRAME
- ESCUTCHEON

TRIGGER GUARD
BOLT SPRING

STOCK SCREW

REBOUND LEVER PIN

/ BOLT SCREW

STRUT SPRING
CHECKED Ti‘*lGGEﬁ STRUT PIN
HAMMER PIN

HAND’

CHECKED WALNUT STOUHK

STOCK Pit






OEBPS/Images/f0030-01.jpg





