
L~vt

K . lAD

OQ TECHNICAL REPORT ARBRL-TR-02199

(Supersedes IMR No, 323) Reproduced From
Best Available Copy

SkMMUNITION FOR LAW ENFORCEMENTS: PART I

METHODOLOGY FOR EVALUATING RELATIVE

STOPPING POWER AND RESULTS

WilIliam J. Bruchey, Jr. 7 %

October 1979 •7•ii - -.

US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND
BALLISTIC RESEARCH LABORATORY

ABERDEEN PROVING GROUND, MARYLAND

Approved for public release; distribution unlimited.



Destroy this report when it is no longer needed.

Do not return it to the originator,

Secondary distribution of thi: report by originating

or sponsoring activity is prohibited.

Additional copies of this report may be obtained

from the National Technical Information Service,

U.S. Department of Commerce, Springfield, Virginia

22151.

The findings in this report are not to be construed as

an official Department of the Army position, unless
so designated by other authorized documents.

The use 0f r•,e qarrs or manuf cturers' names "n thix r'oot,•

does not constitute indorsement lof -iMy commercia•. flodw•t,



sECURI ory'CLASSIFICATION OF THIS PASK i~eIW. Del*. fhs.Mdt)______________

REPORT DCUMENTATION PAGE____
I. 1I ONaUMG1V11A- ElION NO: "171 01VIN CATALOGN011611

TECHNICAL REP RtA/RBRL-TR-02199,___________

NTION FOR .bAW,~ENFORCEMElNTS* PART I 7 Fia ,..

'.VT A~ODOLOGY POR EVALUATING RELATrVESTbPPING
'tIONER AND RESULTS III. ~S PaRPOININGWft 01 P1~WU4

/1 William J./BrucheyJ
*.PERFORMING ORGANIZATION HAMM AND ADON9ESS WS P~j"%11919 0O ,TS

US Army Ballistic Research Laboratory 4 '

ATTN: DRDAR- BLT
Aberdeen Frovina Ground, Maryland 21005 .~

rm. rmfeN LIOPcesear IT~OAOsbelogment Cumniarid 1.RfOIctoAWMM
US Army Ballistic Research Laborat ry ~ /Otln99~
ATTN: J)RDAR-BL21

1 O'- 10 "IN AWA Y #1 AVAMd 0 15(1 t .at &Wee, Cntte l Offido) TIS. SCURITY CLASS. (of this tpeft)

Unc lass ifi.ed

16. DISTRISUTION STArtEmENT (oft~ht. Report)

Approved for public release; distribution unlimited.

wais mae.or ThpersepotdescItrib es oanu ReprtNo 33 ated Dc embe/0Nr 1974.

A9 KYWWAC (ContiuWean revese sid It neessary ad Identify by block numbe)

caution ofti e Hondolgyn thandun ammunito vlain aao h

indv0dAl topeenstv ronstfurd, ware ponublised i the follrtwing ompansion t

reports: IlAmmunition For Law Enforcement: Part 11, Data Obtai~ned For Bullets

DD A N 13 M/ DTIOW OW I I0@V 65 I OUOMLETE NLSSFE

SE101IYCLASSFICATION O? T14IS FASE e'-' DIII 8IN wd)



UNCLASSIFIED

P enetr at n i s e S m l n~
fR Repor t No. 1940, *Amrnunition For Law

Enforcement: Part III: Photographs of BullletsRevreAtrIpatgTissue Siroulant,O BRL Memnorandum Report No. 2673.

UNCLASSIFIED
slcufflTY C-L A S 1FIPIC A T 1N 0P -T-HIrs PO(le



TABLE OF CONTENTS

page t

LIST OF ILLUSTRATIONS.. ..... ................. . ..

LIST OF TABLES ....... ....... ............... .. 13

I. INTRODUCTION ....... ...................... ... 19

It. TERMINOLOGY ......... ....................... 20

III. METHODOLOGY ............ ..... .................. 22

A. Relative Stopping Power (RSP) ..... ............ 23

B. Ricochet and Penetration Performance ......... 29

IV. EXPERIMENTAL TECHNIQUES . ................. ......... 29

I A. Data Storage and Retrieval .... ............. .. 32

B. Calculation of the Relative Incapacitation
Index ................ .............. ....... 33

V. THEORETICAL CAVITY MODEL ...... ................ .. 34

VI. RESULTS ......... ......................... .. 38

A. Effect of Aiming Error on the Hit Distribution . . 38
B. Effect of Aiming Error on the RII for Handguns . . . 41

C. Determination of the RII for Commercially Available
SHandgun Bullets . . . . . . . . . . . .. .. . . . 43

D. Determination of the RII for Commercially Available
Cartridges Bulles............................. 47

E. Predictions Based on the Analytical Cavity Model . . SO

F. Effect of Accuracy and Aim Point on Stopping Power . 52

G. Comparison with other Techniques of Calculating RSP. 52

H. Penetration/Ricochet Characteristics .... ........ 53

iVII. CONCLUSIONS ....................... 58B. Caie................................5
A. Bullet Velocity ....... ................... 58

SB. Caliber . . . . . . . . . . . . . . . . . . .. . . . S8

C. Bullet Mass ........ ..................... 59

D. Bullet Shape ....... ... .................... 59
E. Deformation and Bullet Construction ............ 59

F. Shooter Accurc.........................6
F. Shooter Acuracy .................. 60

3

QA'



TABLE OF CONTENTS (continued)

Page

G. Point of Aim ................ .. 60

H. Hazard to Bystanders ............. 60

VIII. RECOMMENDATIONS ........ ................... 60

DISTRIBUTION LIST ...... ................. .. 207

4;4

4

[A



LIST OF FIGURES

Figure Page

1. Flow Chart Used to Develop Relative Stopping Power
For Handgun Ammunition ....... .................. ... 62

"2. Sketch of the Computer Man ..... ............... .... 63

3. Top View of Typical Cross Section of the Computer
Man (Shoulder Region) ........ .................. ... 64

4. Sketch of Tissue Response to Bullet Penetration 5......6

S. Comparison of Measured Maximum Temporary Cavity (MTC)
Formed in Animal Tissue and a Momentun Transfer Model
Prediction ................ ........................ 65

6. Comparison of the Maximum Temporary Cavity For A
Steel Sphere Penetrating Animal Tissue and Tissue
Simulant ........ ... ........................ .. 66

7. Sketch of Calculational Procedure For Obtaining RII . . 67

8. Theoretical Cavity Model.. ........ ..... ....... ... 67

9. Aiming Error as a Function of Engagement Range ......... 68

10. Group A Hit Distribution Superimposed on a Computer
Man Silhouette at 3.0 Meter Range .... ............ ... 69

11. Group A Hit Distribution Superimposed on a Computer Man
Silhouette at 6.0 Meter Range ..... .............. ... 70

12. Group A Hit Distribution Superimposed on a Computer Man
Silhouette at 12.1 Meter Range .................. ... 71

13. Group B Hit Distribution Superimposed on a Computer Man
Silhouette at 3.0 Meter Range ..... .............. ... 72

14. Group B Hit Distribution Superimposed on a Computer Man
Silhouette at 6.0 Meter Range ..... .............. ... 73

S15. Group B Hit Distribution Superimposed on a Computer Man
Silhouette at 12.1 Meter Range .................. ... 74

16. Vulnerability Index for Handguns at a Range of 3 Meters
for the Group A Hit Distribution ...... ............. 75

5



LIST OF FIGURES (continued)

Figure Page

17. Vulnerability Index for Handguns at a Range of 6
Meters for tho Group A Hit Distribution . ..... .... .... 75

18. Vulnerability Index for Handguns at a Range of 12
Meters for the Group A Hit Distribution ...... ........ 76

19. Vulnerability Index for Handguns at a Range of 6
Meters for the Group B Hit Distribution .... ......... 76

20. High Aim Point Hit Distribution Superimposed on a
Computer Man Silhouette for Group A Shooters at a
6.0 Meter Range ...... ..................... 77

21. High Aim Point Hit Distribution Superimposed on a
Computer Man Silhouette for Group B Shooters at a
6.0 Meter Range ...... ..... ..................... 78

22. Vulnerability Index For Handguns at a Range of 6
Meters for the Group A Hit Distribution Using a
High Aim Point ....... ..... ..................... 79

23. Vulnerability Index for Handguns at a Range of 6
Meters for the Group B Hit Distribution Using a
High Aim Point ......... ................... .... 79

24. Relative Incapacitation Index for 90 Grain, Caliber
.353, JSP, JFP Bullets ...... .............. .... 80

25. Relative Incapacitation Index for 100 Grain, Caliber
.353, PJ Bullets ....... ................. .... 80

26. Relative Incapacitation Index for 100 Grain, Caliber
.353, PP Bullets ....... .................. ... 81

27. Relative Incapacitation Index for 100 Grain, Caliber
.3S3, JSP, JFP Bullets ...... .............. .... 81

28. Relative Incapacitation Index for 100 Grain, Caliber
.353, JHP, JHC Bullets ....... . . . . . . 82

29. Relative Incapacitation Index for 115 Grain, Caliber
.353, FJ Bullets. .... ....................... .... 82

30. Relative Incapacitation Index for 115 Grain, Caliber
.353, PP Bullets ....... ................... ... 83

6



LIST OF FIGURES (continued)

Figure Page

31. Relative Incapacitation Index for 115 Grain, Caliber
.353, JHP, JHC Bullets ..... ............... .... 83

32. Relative Incapacitation Index for 124 Grain, Caliber
.353, FJ Bullets ........ ................ ... 84

33. Relative Incapacitation Index for 125 Grain, Caliber
.353, RN Bullets ....... ................. ... 84

34. Relative Incapacitation Index for 125 Grain, Caliber
.353, JSP Bullets ........... ....... ..... ..... .. 85

35. Relative Incapacitation Index for 90 Grain, Caliber
.357, JSP, JFP Bullets ....... .............. ... 85

36. Relative Incapacitation Index for 90 Grain, Caliber
.357, HEMIJSP Bullets ...... .............. .... 86

37. Relative Incapacitation Index for 90 Grain, Caliber
.357, MP Bullets ....... ................... .. 86

38. Relative Incapacitation Index for 95 Grain, Caliber
.357, JHP Bullets ...... ... .................. .. 87

39. Relative Incapacitation Index for 100 Grain, Caliber
.357, JHP, JHC Bullets ..... .................. 87

40. Relative Incapacitation Index for 110 Grain, Caliber
.357, JSP Bullets ........ ................... .. 88

41. Relative Incapacitation Index for 110 Grain, Caliber
.357, JHP, JHC Bullets .......................... 88

42. Relative Incapacitation Index for 125 Grain, Caliber
.357, JSP, JFP Bullets ..... ................. ... 89

43. Relative Incapacitation Index for 125 Grain, Caliber
.357, JHP, JHC Bullets ..... ................. ... 89

44. Relative Incapacitation Index for 140 Grain, Caliber
".357, JHP Bullets ........... ....... ..... ....... 90

45. Relative Incapacitation Index for 146 Grain, Caliber
.3S7, JHP Bullets ........ ................... .. 90

7



LIST OF FIGURES (continued)

Figure Page

46. Relative Incapacitation Index for 148 Grain, Caliber
.357, WC Bullets ....... .................. ... 91

47. Relative Incapacitation Index for 150 Grain, Caliber
.357, L, LRN, RN Bullets ....... ............. .. 91

48. Relative Incapacitation Index for 150 Grain, Caliber
.357, JSP, JFP Bullets ...... ............... ... 92

49. Relative Incapacitation Index for 150 Grain, Caliber
.357, JHP, JHC Bullets ....... .............. ... 92

50. Relative Incapacitation Index for 158 Grain, Caliber
.357, L, LRN, RN Bullets. ...... ............ ... 93

51. Relative Incapacitation Index for 158 Grain, Caliber
.357, SWC Bullets ...... ... ............... ... 93

52. Relative Incapacitation Index for 158 Grain, Caliber
.357, LHP Bullets ...... ....... ............... 94

53. Relative Incapacitation Index for 158 Grain, Caliber
.357, JSP, JFP Bullets ....... ............ ... 94

54. Relat4ve Incapacitation Index for 158 Grain, Caliber
.357, JHP, JHC Bullets ....... ..... ........... 95

55. Relative Incapacitation Index for 158 Grain, Caliber
.357, MP Bullets ............... .............. ... 95

56. Relative Incapacitation Index for 185 Grain, Caliber
.357, JHP Bullets ...... ......... ............. 96

57. Relative Incapacitation Index for 200 Grain, Caliber
.357, L Bullets ...... ....................... .. 96

58. Relative Incapacitation Index for ALL Grain, Caliber
.357, SS Bullets ....... ................. ... 97

59. Relative Incapacitation Index for ALL Grain, Caliber
'157, SSG Bullets ...... ....... ................ 97

60. Relative Incapacitation Index for 170 Grain, Caliber
.410, JHP. JHC Bullets ................... 98

8

LI



LIST OF FIGURES (continued)

Figure 40,:iBtet.............. ... Page

61. Relative Incapacitation Index for 200 Grain, Caliber
.410, JHP Bullets .. 98.

62. Relative Incapacitation Index for 210 Grain, Caliber
.410, L Bullets ...... ..... ........ ....... 99

63. Relative Incapacitation Index for 210 Grain, Caliber
.410, JSP Bullets ......... ........... ..... 99

4 64. Relative Incapacitation Index for 210 Grain, Caliber
.410, JHP, JHC Bullets ....... ... ........ .... 100

65. Relative Incapacitation Index for 220 Grain, Caliber
.410, JSP Bullets. ... .. ...... . . . . ...... 100

66. Relative Incapacitation Index for 180 Grain, Caliber
.429, JSP Bullets. ....... ..... ....... 101

67. Relative Incapacitation Index for 180 Grain, Caliber
.429, JHP Bullets ........ ..... ......... .... 101

68. Relative Incapacitation Index for 200 Grain, Caliber
.429, JHP Bullets.... . ...... ....... ..... ..... 102

69. Relative Incapacitation Index for 225 Grain, Caliber
.429, JHP Bullets ........ ..... ....... .. ... 102

70. Relative Incapacitation Index for 240 Grain, Caliber
.429, SWC Bullets ............. ...... ... . I.. 103

71. Relative Incapacitation Index for 240 Grain, Caliber
.429, JSP Bullets ......... ......... ... 103

72. Relative Incapacitation Index for 240 Grain, Caliber
.429, JHP Bullets . . .....#.......... .... 104

73. Relative Incapacitation Index for 170 Grain, Caliber
.450, HEMIJHP Bullets......... ... . . . . . . . .. 104

S74. Relative Incapacitation Index for 185 Grain, Caliber
.45 , JHP Bullets. . . .................. 105

7S. Relative Incapacitation Index for 185 Grain, Caliber
.450, WC Bullets .... .............. ... . . . 106

76. Relative Incapucitation Index for 200 Grain, Caliber
.450, SWC Bullets . ............ ..... .... ....... 106

9



LIST OF FIGURES (continued)

Figure Page

77. Relative Incapacitation Index for 200 Grain, Caliber
.450, JHP Bullets .......... ............... .. 107

78. Relative Incapacitation Index for 225 Grain, Caliber
.450, JHP Bullets ............ .............. .. 107

79. Relative Incapacitation Index for 230 Grain, Caliber
.450, FJ, FMJ Bullets .......... ............. .. 108

80. Relative Incapacitation Index for 230 Grain, Caliber
.450, MC Bullets ......... ....... .............. 108

81. Relative Incapacitation Index for 250 Grain, Caliber
-450, SWC Bullets .......... ............... .. 109

82. Relative Incapacitation Index for 255 Grain, Caliber
.450, L, LRN, RN Bullets ......... ........... .. 109

83. Relative Incapacitation Index Computer Prediction
for Lead Spheres ........... ................... 110

84. Relative Incapacitation Index Computer Predictions of a
.357 Caliber Bullet with CD = .30 and Mass = 110 grains

(Data points are 9mm, 115 and 100 grain FJ bullets)... 110

85. Relative Incapacitation Index Computer Predictions for
.357 Caliber Bullets with CD = .30 .... ........... ..I1

86. Relativw Incapacitation Index Computer Predictions for
.357 Caliber Bullets with CD = .30 and Mass = 110 grains

(Data are .357, 90 grain Hemi-JSP) ..... ........... 111

87. Relative Incapacitation Index Computer Predictions for
a .3S7 Caliber Bullets with CD = .37 and Mass a .125
grains .......... ......................... .. 112

88. Relative Incapacitation Index Computer Predictions for
a .357 Caliber Bullets with C. = .37 and Mass = 158
grains

(Data are .357, 158 Grain LRN Bullets) ............. 112

89. Relative Incapacitation Index Computer Predictions for
a .357 Caliber Bullets with CD .45 and Mass = 110
grains ........ ......................... ... 113

10



LIST OF FIGURES (continued)

Figure Page

90. Relative Incapacitation Index Computer Predictions
for a .357 Caliber Bullets with CD = .45 and Mass

Ij 125 Grains (Data are .357, 12S Grain JSP Bullets). . . 113

91. Relative Incapacitation Index Computer Predictions
for a .357 Caliber Bullets with CD .45 and Mass =

158 Grains (Data are .357, 158 Grain JSP Bullets). . . 114

92. Relative Incapacitation Index Computer Predictions 11
for a .357 Caliber Bullets with C = 1.20 ...... 114

93. Relative Incapacitation Index Computer Predictions
for a .357 Caliber Bullets with CD =. 4 5 and Mass =

1Z'I8 Grains (Data are .357, 148 Grain WC Bullets) 115

94. Relative Incapacitation Index Computer Predictions
for a .45 Caliber Bullets with CD = 30 ........ 115

95. Relative Incapacitation Index Computer Predictions
for a .45 Caliber Bullet with CD = .45 and Mass =

230 Grains (Data are .4S, 230 Grain Bullets) ..... 116

96. Relative Incapacitation Index Computer Predictions
:4 for a .45 Caliber Bullet with CD = .37 ..... ........ 116

97. Relative Incapacitation Index Computer Predictions
for a .45 Caliber Bullet with CD = .37 and Mass =

230 Grains (Data are .4S, 255 Grain LRN Bullets) . . . 117

98. Relative Incapacitation Index Computer Predictions
for a .4S Caliber Bullet with CD .45 ..... ........ 117

99. Relative Incapacitation Index Computer Predictions
for a .45 Cal'ber Bullet with CD = 1.20 ............ 118

100. Comparison of a Measured Cavity Contour for a .357,
158 Grain JSP Bullet at 372 m/s Velocity and Model
Generated Cavity Contour for a Similar Non-Deforming
Bullet .......... ........................ ... 118

101. Effect of Engagement Range of the Relative Incapaci-
tation Index ....... ..................... ... 119

, 11

--r-----,~



LIST OF FIGURES (continued)

Figure Page

102. Effect of Shooter Accuracy on Relative Incapacitation
Index. (Good a Group B Shooters; Average = Group A
Shooters) ...... ........... .. ............. . . 119

103. Effect of Aim Point on Relative Incapacitation Index
(Group A Shooters) ...... ... .................. .. 120

104. Effect of Aim Point on Relative Incapacitation Index
(Group B Shooters) ...... ... .................... . 121

105. Relationship Between Probability of Instant Incapaci-
tation and Relative Incapacitation Index ........... .. 122

106. Relationship Between Energy Deposit and Relative In-
capacitation Index ....... ................... .. 122

107. Relationship Between Hatcher's Formula and Relative
Incapacitation Index ......... .................. .. 123

108. Instogram of Bullet Fragmentation on Ricochet .......... 123

109. Effect of Impact Angle and Velocity on Bullet Breakup.. 124

110. Safety Range for Lead Fragments ...... .............. 124

111. Safety Range for Bullet Jacket Fragments ........... .. 125

112. Impact of a .357 Magnum, 125 grain, JHP Bullet Against
1/8 inch Plate Glass. Velocity - 284 mps (933 fps) . 126

113. Impact of a .357 Magnum, 125 grain, JHP Bullet Against
1/8 inch Plate Glass. Velocity - 194 mps (637 fps) . 127

114. Impact of a .357 Magnum, 125 grain, JHP Bullet Against
1/8 inch Plate Glass. Velocity - 270 mps (887 fps). . . . 128

115. Impact of a .357 Magnum KTW Metal Piercing Bullet
Against 1/4 inch Laminated Glass. Velocity - 644 mps
(2114 fps) ........... ........................ .. 129

116. Impact of a .357 Magnum, 125 grain, JHP Bullet Against
1/4 inch Laminated Glass. Velocity - 205 mps (674 fps). 130

117. Impact of a .357 Magnum Safety Slug Against 1/4 inch

Laminated Glass. Velocity - 601 mps (1972 fps) ........ 131

118. Impact of a .41 Magnum , 170 grain, JHP Bullet Against1/4 inch Laminated Glass. Velocity - 350 mps (1151 fps). 132

12



LIST OP TABLES

Table Page

I. Sedov's Ricochet Parameters. . . ......... 133

II. Sample Scan Output .................. ... 134

III. Vulnerability Index Parameters ... ..... . 135

IV. RII Data for JSP, JFP, 90 Grains, .353 to .355
Caliber Bullets ...... ............. 136

V. RII Data for FJ, 100 Grains, .353 to .355
Caliber Bullets ....... ..... ......... ... 137

VI. RII Data for PP, 100 Grains, .353 to .355
Caliber Bullets ....... ............ .... 138

VII. RII Data for JSP, JFP, 100 Grains, .353 to .355
Caliber Bullets ....... ... ............. .. 139

VIII. RII Data for JHP, JHC, 100 Grains, .353 to .355
Caliber Bullets ....... ..... .......... .. 140

IX. RII Data for FJ, 115 Grains, .353 Caliber
Bullets. . ....... ..... ....... ..... ... 141

X. RII Data for PP, 115 Grains, .353 to .355
Caliber Bullets ....... ... ......... .... 142

XI. RII Data for JHP, JHC, 115 Grains, .353 to .355
Caliber Bullets ............ ...... .... 143

XII. RII Data for FJ, 124 Grains, .353 to .355
Caliber Bullets ......... ............ . 144

XIII. RII Data for RN, 125 Grains, .353 to .355
Caliber Bullets ....... ....... ........ ... 145

XIV. RII Data for JSP, 125 Grains, .353 to .355
Caliber Bullets ....... ... ............ . 146

XV. RII Data for JSP, JFP, 90 Grains, .357
Caliber Bullets ............ ............. 147

XVI. RII Data for HEMIJSP, 90 Grains, .357
Caliber Bullets .......... ............ .. 148

13



LIST OF TABLES (continued)

Table Page

XVII. RIX Data for MP, 90 Grains, .357 Caliber
Bullets ............ ................ . 149

XVIII. RIl Data for JHP, 95 Grains, .357 Caliber
Bullets ................ .... ......... 150IS

XVIX. RII Data for JHP, JHC, 100 Grains, .357
Caliber Bullets. . . . . . . . . . . . . . . . . 151

XX. RI1 Data for JSP, 110 Grains, .357 Caliber=,Bullets . . . . . . . . . . . . . . . . .. . . . 152
XXI. RII Data for JHP, JHC, 110 Grains, .357

Caliber Bullets .......... .............. 153

XXII. RIX Data for JSP, JPP, 125 Grains, .357
Caliber Bullets ....... .............. .. 156

XXIII. RIX Data for JHP, JHC, 125 Grains, .357
Caliber Bullets ....... ............. ... 157

XXIV. RII Data for JHP, 140 Grains, .357 Caliber
Bullets ....... ............... ..... 159

XXV. RII Data for JHP, 146 Grains, .357 Caliber
Bullets ....... ................ ..... 160

XXVI. RIX Data for WC, 148 Grains, .357 Caliber
Bullets ...... ................. ..... 161

XXVII. RII Data for L, LRN, RN, 150 Grains, .357
Caliber Bullets ................. ...... 162

XXVIII. RIX Data for JSP, JFP, 150 Grains, .357
Caliber Bullets ................. ...... 163

XXIX. RII Data for JHP, JHC, 150 Grains, .357
Caliber Bullets .................. ..... 164

XXX, RII Data for L, LRN, RN, 158 Grains, .357
Caliber Bullets ..... ................ .... 165

XXXI. RIX Data for SWC, 158 Grains, .357 Caliber
Bullets ...... .................... .... 166

14



LIST OF TABLES (continued)

Table Page

XXXII. RII Data fo~r LHP, 158 Gra~ins, .357 Caliber

XXXIII. RII Data for JSP, JFP, 1S8 Grains, .357
Caliber Bullets . . . .I.. .. .. ... . . . . . . 168

XXXIV. RII Data for JHP, JHC, 158 Grains, .3S7
Caliber Bullets. .. .. .............. . . . . . .3170

XXXV. RII Data for MP, 158 Grains, .3S7 Caliber'
Bullets... . .................. ............. 172

XXXVI. RII Data for JHP, 185 Grains, .357 Caliber
Bullets .. .... .................. ............. 173

XXXVII. R11 Data for L, 200 Grains, .357 Caliber
Bullets . . . . . .. .. .. .. .. .. .. .. .. 174

XXXVIII. RII Data for SS, All Grains, .3S7 Caliber

Bullets .. .. ........ ............ .............175

XXXIX. RII Data forl SSG, All Grains, .357 Ca.iiber
Bullets .. .. ........ ............ .............176J

XL. RII Data for JHP, JHC, 170 Grains, .41 Caliber
Bullets. .. .. ............ .........I...........177

XLI. RhI Data for JHP, 200 Grains, .41 Caliber
Bullets .. .. ........ ............ .............178

XLII. RII Data for L, 210 Grains, .411 Caliber
Bullets. .. .. .. I..... ......................... 179

XLIII. RII Data for JSP, 210 Grains, .41 Caliber
Bullets .. .. ........ ............ ............ 180

XLIV. RII Data for JHP, JHC, 210 Grains, .41 Caliber
Bullets .. .. ........ ............ .............181

XLV. RII Data for JSP, 220 Grains, .41 Caliber
Bullets .. .. ........ ............ ............ 182

XLVI. RII Data for JSP, 180 Grains, .427 to .429
Caliber Bullets .. .. .. ............ ...........183

is



LIST OF TABLES (continued)

Table Page

XLVII. RIu Data for JHP, 180 Grains, .429 Caliber
Bullets ...... . . . . . . ............ 184

XLVIII. RII Data for JHP, 200 Grains, 1429 Caliber
Bullets. . . . . . . . . . . . . . . . . . . . . . . 185

XLIX. RII Data for JHP, 225 Grains, .427 to .429
Caliber Bullets .................... .. 186

L. RII Data for SWC, 240 Grains, .427 to .429
Caliber Bullets ............. .. ....... ... 187

LI. RII Data for JSP, 240 Grains, .427 to .429
'Caliber Bullets. . . ................ 188

LII. RII Data for JHP, 240 Grain, .429 Caliber
Bullets ....... ....... .................. ... 189

LIII. RII'Data for HEMIJHP, 170 Grains, .45 Caliber
Bu1lets ....... ................... ....... ..... 190

LIV. RII Data for JHP, 185 Grain, .45 Caliber
Bullets. ....... ....... ............ ....... ... 191

LV. RII Data for WC, 185 Grains, .45 to .454
Caliber Bullets ....... ..... .............. .. 192

LVI. RII Data for SWC, 200 Grains, .45 to .454
Caliber Bullets ....... ..... ............... .. 193

LVII. RII Data for JHP, 200 Grains, .45 to .454

Caliber Bullets ....... ... ................ .. 194

LVIII. RII Data for JHP, 225 Grains, .45 to .454
Caliber Bullets ....... ............... 195

LIX. RII Data for FJ, FKJ, 230 Grains, .45 to .454
Caliber Bullets ...... ... .................. .. 196

LX. RII Data for MC, 230 Grains, .45 to .454
Caliber Bullets ..... ................... 197

LXI. RII Data for SWC, 250 Grains, .45 to .454
Caliber Bullets ......... .................. .. 198

16



LIST OF TABLES (continued)

Table Page

LXII. RII Data for L, LRN, RN, 225 Grains, .45 to .454
Caliber Bullets .......... ........ ....... 199

LXIII. Effective Coefficients for Typical Bullet Shapes
Assuming No Perforation ...... ............... 200

LXIV. Matrix of Nondeforming Projectiles Examined
with the Cavity Model ....... ................ 205

17

S.. . . ..... t ii i I - -- . I . ? • •... . • . . . .. . .



I. INTRODUCTION

Pistols and revolvers are used primarily as personal defense
weapons. Every law enforcement officer may at some time in his life
depend on these type weapons for his safety. As the number of
encounters between the law enforcement officer and felon has increased
in recent years police officers are becoming increasingly concerned
with the effectiveness or stopping power of their side arms. They are
concerned primarily with the ability of this weapon to immediately
render an assailant incapable of further aggressive acts Clinical
lethality, i.e., death, is not of interest per so. Any handgun is
capable of inflicting a fatal wound; but many handguns do not possess
sufficient stopping power, that is, the ability to put the assailant
out of the fight instantly. A typical example of this is the "lowly"
.22 caliber rimfire cartridge. It is perhaps one of the most "deadly"
cartridges in history. More people, by number, have been killed by
this bullet than any other in the civilian community, however, its
ability to instantly incapacitate is relatively small.

If all bullets are highly lethal, why is the law enforcement
community so concerned with stopping power? The officer is working
under a very stringent limitation on the use of his weapon which
arises from two basic constraints: (1) he can use his weapon only
in a "last ditch" situation, that is, his life is in immediate
jeopardy and all other alternatives have been exhausted, and (2)
experience has shown that the average engagement range is approximately
six meters (21 feet). When his weapon is used in this situation, he
cannot wait hours or even minutes for death or complete incapacitation
to eventually occur. At such short distances, this is far too long
because of the immediate threat to his life. Incapacitation must be
near instantaneous with a well placed shot.

A number of theories on the subject have been proposed over the
1years. Perhaps the most well known is the Hatcher theory. General

Hatcher, in 1935, proposed that stopping power was proportional to the
bullet's impact momentum times its cross-sectional area. In 1960,
and later in 1969, the U.S. Army advanced the theory that incapacitation
was a function of the kinetic energy deposited in 15 centimeters of gel

tissue simulant. 2 More recently, De Maio has applied this kinetic

IHatcher, J.S., Textbook of Firearms Investigation, Identification and

Evidence, Small Arms Technical Publishing Company, 1935.
2Sturdivan, L., Bruchey, W., Wyman, D., "Terminal Behavior of the

5.56mm Ball Bullet in Soft Targets", Ballistic Research Laboratory
Report 1447, August 1969.
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3
theory to handgun effectiveness by utilizing a ballistic pendulum.

Each of these theories on stopping power have certain short-
comings. Hatcher's theory is based only on the striking conditions
of the bullet, i.e., its mass, velocity, and caliber. It considers
that a bullet striking anywhere on the body with a fixed set of para-
meters will produce the same stopping power. The kinetic energy
deposit theory is an advancement over the Hatcher theory. It
considers that only the portion of the bullet's energy left in the
assailant is capable of effecting stopping power. Its primary draw-
back is that energy deposited anywhere in the body is equally impor-
tant, and like the Hatcher theory, it considers any hit on the body
to be equally important. Where then can the law enforcement community
obtain more complete and objective information necessary to make the
correct choice of handgun ammunition? What are the factors effecting
stopping power? To what extent does increasing stopping power also
increase hazards to innocent bystanders relative to over-penetration
and ricochet?

In December 1972, the National Institute of Law Enforcement and
Criminal Justice of the Law Enforcement Assistance Administration
approved and funded a project, submitted by the Law Enforcement
Standards Laboratory (LESL) of the National Bureau of Standards, to
conduct a study of the terminal effects of police handgun ammunition.
LESL late in 1973 contracted with the U.S. Army Ballistic Research
Laboratory (BRL) to conduct the study and prepare a report of its
findings. The purpose of the study was to provide federal, state,
and local law enforcement agencies with a criteria for use in selection
of handgun ammunition. The criteria would consider not only the
offensive capabilities of the ammunition, but also the safety factors
concerning innocent bystanders. The purpose was not to refute or
invalidate studies by previous investigators were wrong but to bring
the salient features of these previous studies together with a more
detailed and updated description of the entire scenario in order to
produce a unified apporach to the problem which would allow an
objective evaluation of handgun effectiveness.

II. TERMINOLOGY

Relative Stopping Power, RSP - A descriptive term used in contem-
porary literature to indicate the relative ability of a shot to
render an adversary instantly incapable of further aggression.
For the purpose of this report, the terms Relative Stopping Power
and Instant Incapacitation will be used interchangeably.

I De Maio, V.J.M., et al, "Comparison of Wounding Effects of
Commercially Available Ammunition Suitable for Police Use", FBI
Law Enforcement Bulletin Volume 43, No. 12, 1974.
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Instant Incapacitation - Immediately after penetration by a kinetic
energy projectile, an adversary must be incapable of posing a threat
to the safety of a law enforcement officer by means of a hand-held
weapon. Instant Incapacitation may mean clinical death, unconsciousness,
biomechanicel dysfunction, .etc. Pain is not considered a deterant to
continued aggression.

Velocity - The speed of the bullet. Unless specified otherwise,
velocitly refers to the bullet velocity just prior to impact.

Mass - The quantity of matter in a body. The mass of a bullet is
determined by dividing its weight by the acceleration of gravity.

Kinetic Energy - The energy which the bullet possesses as a consequence
of its motion. It is equal to one-half the product of its mass and the
square of its velocity.

Kinetic Energy Deposit - That portion of a bullet's energy which is
lost as a result of penetration of a material. Total Kinetic Energy
Deposit is not necessarily equal to the Kinetic Energy before pene-
tration.

Momentum - That property of a moving bullet equal to the product of
mass and velocity.

Bullet - The projectile shot from a rifle or handgun.

Calibre - The diameter of a bullet or other projectile in decimals
of an inch or in millimeters.

Cartridge - A complete unit of ammunition.

Point of Aim - That point with which a firearm's sights are aligned.

Point of Impact - That point which a bullet strikes.

Pressure - Force per unit area.

Vulnerability Index, VI - A measure of the relative importance of

body tissue to stopping power along the path the bullet travels
through the body.

Relative Incapacitation Index, RII - The measure of relative stopping
power. It takes into account the size and shape of the maximum
temporary wound cavity and the likelihood this wound tract will

V encounter vital organs.
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Maximum Temporary Cavity (MTC - The size and shape of the near
instantaneous distention of the tissue simulant caused by bullet
penetration. The MTC is often many times the size and shape of
the permanent hole left in the siumlant.

Ricochet - The skipping or rebounding of a bullet after striking a
surface at some angle.

RicohetAngle - The angle of incidence of a bullet which ricochets
from a surface as measured from a perpendicular to the surface.

III. METHODOLOGY

Any selection of police handgun ablimunition for duty use must be
made with due regard to the effectiveness against the criminal as
defined by maximum stopping power and maximum safety to citizens.
This choice may be a seemingly simple one for the patrolman, that
is, continual escalation to more powerful weapons, but it is actuallyi ia very complex problem which also must be dealt with by the particu-
lar law enforcement and local government agency involved. These
agencies must consider every effect which a change of duty ammunition
may have on the community at large. Among the many factors which
have entered into this decision in the past have been personnel
preference, tradition, department or local government policy,
advertised ammunition performance and public pressure. Influencing
many of these factors have been the numerous published articles which,
have evaluated particular handgun cartridges in terms of muzzle
velocity, muzzle energy, muzzle drop, momentum, range, sectional
density, ballistic co-efficient, bullet expansion, relative stopping
power according to one or another formula or test method, penetration,
ricochet, and other fragments. In the past, the solution to the
problem has not always been based on an objective technical approach.

To place the question of handgun effectiveness on the level of
an objective approach, that is, as an input into the general problem
of weapon/ammunition selection, three primary terminal character-
istics of handgun ammunition had to be addressed in this study.

1. Relative incapacitation of human targets, (i.e.,
relative stopping power).

"2. Ricochet hazards.

3. Material penetration characteristics.

The focus of this study was on commercially available handgun
ammunition in the caliber range from .355 (9mm) through .45. For
the purpose of analysis and discussion, the program was broken into
two parts; relative stopping power and hard target performance, each
of which is described separately in the following sections.
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A. Relative Stopping Power (RSP)

Perhaps the primary drawback in past studies relating to RSP has
been a lack of detailed consideration of all the factors which could
effect the RSP. Hatcher, for example, considered RSP to be a function
of only four variables: mass, impact velocity, presented area and
shape factor. The U.S. Army, and later De Maio, "black boxed" RSP
by lumping all the parameters into one, the deposited energy. The
present study expands on both of these through investigation of the
effects of the following:

1. Shape

2. Velocity

3. Mass

4. Caliber

5. Construction

6. Aim Point

7. Aiming Error

The methodology employed integrates these parameters into a
single measure of effectiveness which incorporates a system analysis
approach to relative stopping power. Figure 1 shows a flow chart
of the methodology used to accomplish this task.

4
The core of this effort is the BRL Computer Man, i.e., the

target. The Computer Man is an elaborate three-dimensional computer
code of the human anatomy. It consists of volume elements of the
body of a man in the form of rectangular parallepipeds approximately
5mm x Smm x 25mm in size. A frontal view of the Computer Man, de-
picting the horizontal sectioning of the body, as he would "appear"
in the computer, is shown in Figure 2. Within each of these volume
elements, the predominant tissue type was identified and coded. For
the purpose of this study, each of these volume elements was assessed
by a team of medical doctors from the University of Maryland Shock

Trauma Unit as to its relative importance to stopping power and as
such were called injury criteria component vulnerability numbers.

The assessment by the medical doctors was based on a probable
situation in which an officer would employ his weapon. That is, the
officer is at a decided disadvantage. He cannot indiscriminately
employ his weapon against a felon. He must be certain that one of
two situations exist: (1) his life is in immediate jeopardy, or

Stanley, C.H., Brown, M., "A Computer Man Model", Ballistic Research
Laboratory Report ARBRL-TR-02060, May 1978.
5
U.S. Army Contract DAAD05-75-6-O1730.
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(2) the lives of others are in immediate jeopardy by the felon. In
either case, the officer must wait until the last possible moment to
use his weapon to ensure his own safety and that of others. Additionally,
the engagement ranges at which many encounters occur is very short,
often on the order of a few meters. In this situation, the officer
cannot wait hours, minutes, or even 30 seconds for incapacitation to
occur. What is desired is a weapon which, with a well placed shot,
will render the felon immediately noncombatant, i.e., instantly in-
capacitated.

Within this framework, the doctors were presented with the
following scenario:

An armed felon has been placed in a situation where
he feels that only an act of aggression on his part
will prevent the loss of his life or that his freedom
can be gained only through a violent action directed
at the law enforcement officer. The felon is armed
with some type of hand-held lethal weapon (pistol,
knife, club, brick, etc.) and is being approached by
the officer. In this situation the officer must
administer an instantandous incapacitating injury
to the felon.

Each doctor was then asked to rank each volume element of the Computer
Man as to its overall importance with regards to instant incapacitation.
A top view of a typical horizontal cross-section showing the numerically
ranked volume elements through a shoulder section of the Computer Man
is depicted in Figure 3. The numerical scores range from 0 to 10;
that is, they range from no importance to one of extreme importance
relative to instant incapacitation. The complete set of these numbers,
called component vulnerability numbers, results in a three-dimensional
mapping of the human body in terms of its importance to stopping power.
However, what is really required of a bullet which produces a known
distribution of damage along a wound tract is the average relative
importance of the tissue affected because, for any given weapon,
shooter, or ammunition combination, the different areas of the body
do not have equal likelihood of being hit. For example, when a police
officer aims at the center of mass of the felon, he is not likely to
shoot him in the left foot. To account for this effect, a hit dis-
tribution characterizing the ability of a shooter/weapon/ammunition
combination to place a well aimed shot is combined with the Computer
Man.

This spatial distribution of possible trajectories for the bullets
is obtained once the engagement range and standard deviation of shots
about the aim point have been determined. Using this standard de-
viation or aiming error and the assumption that shots are normally
distributed about the aim point, Monte Carlo sampling techniques
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are used to determine the direc:tioas and impact points for a set of
"shots fired" at the Computer Man. That is, the computer simulates
the trajectories fired by the shooter and traces them through the body.

As these trajectories are being traced, the computer keeps track
of the relative importance of the body at each increment of penetration.
A resultant average component vulnerability for any typical hit distri-
bution, called the Vulnerability Index (V ) which the bullet "sees"
as it traverses the body, is then generatid. It should be noted at
this point that the model is attempting to simulate what the bullet
sees "on the average" as it penetrates the body because a police
officer under stress may miss his intended target or not score a hit
at the optimal location on the body. The model takes this into
account because whenever a "shot" misses the Computer Man, zeros are
used for the component vulnerability numbers along the whole trajec-
tory, The result is that the final determination of stopping power
is dependent on the ability of the office to place a well. aimed shot.

It is important to note that at this point no mention has been
made of the bullet (i.e., its mass, velocity, shape, construction,
or caliber). Only the trajectories along which the bullets move have
been mentioned. This is intentional and, as will be apparent later,
allows for inclusion of the shooter/weapon effects independent of
bullet design. Thus, trade-off studies in both areas can be con-
ducted independently to provide an optimal stopping power solution
for a given situation.

Returning to the Flow Chart in Figure 1, one can observe
that the effects of bullet design are also considered in the method-
ology. The Vulnerability Index tells us the importance of tissue
along the average wound trajectory. What is needed now in the model
is a method for quantifying the mechanical damage produced by the
bulle. as it penetrates the body. However, before outlining the
method for describing the mechanical damage as a function of depth
of penetration into the body by a given bullet, a simulant material
must first be chosen for comparing one bullet to another. That the
human body is a highly complex structure goes almost without saying.
It is a composite of many tissue types and shapes all separated by
various configurations of interface surfaces. Additionally, the
"toughness" of tissue varies from animal to animal and tissue type
to tissue type. To describe in detail the exact equations of motion
for the bullet passing through these structures and the response of
each tissue type and interface would be a near insurmountable task.
Recall that what we are trying to do is to generate a measure of
expected damage and here the emphasis is on measure. We are not
trying to predict physiological response of the individual but of
the average. For the purpose of this methodology then it was
assumed that the body material is homogeneous and can be approximated
by 20 percent gelatin (20 percent gelatin, 80 percent water by weight).
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The choice of 20 percent gelatin as the target material rather
than another simulant is based on many previous experiments from '
which the following was established:

SI1. The similarity between bullet retardation in gelatin :
and animal tissue. *

2. The similarity between the size and shape of the

temporary cavity in gelatin and tissue.,
3. The similarity between the permanent cavity remaining :

I, in tissue and gelatin after the passage of a bullet.

4. The homogeneity/reproducibility of the gelatin •
response to bullet penetration.

S~~Comprehensive wound ballistics experiments in the 1940's and •
, 1950's established that trauma such as bone fracture, hemorrhage

and nerve damage could occur beyond the permanent wound tract of

complete tissue maceration. By 1962, when the U.S. Office of the •
SSurgeon General published a tretise on wound ballistics, b the
• mechanism of kinetic energy wounding was generally accepted to be
S~cavitation. The basic idea, as illustrated in Figure 4, is that •
S~as the bullet penetrates soft tissue it cuts and tears tissue

•:• directly in its path. In additioii, the bullet transfers some of
its momentum to the neighboring tissue setting it in motion radially
outward. This outward motion can be thought of as rings o' tissue

• ~expanding about the projectile path. Often this expansion severly •
•, stretches or tears the tissue and trauma results. Experimental
S~evidence has shown that the rate at which bullets transfer momentum

to the surrounding tissue as a function of penetration distance is
very similar to that observed in gelatin. This can be seen in
Figure 5 which compares the maximum temporary cavity, MTC, formed
in animal tissue and a momentum transfer model which was used to
predict the MTC. The law of penetration for soft tissue has been
shown to be the same as the law for geiatin, based on the observation
that projectile penetration into both materials exhibit comparable
retardation. This is due primarily to the fact that both 20 percent
gelatin and animal tissue are of about the same density (both gelatin
and animal tissue are approximately 80 percent water by weight).

It has been shown for the wounding mechanism of cavitation that
the strains are monotonic functions of tissue displacement. Con-
sequently, the extent of tissue failure is a monotonic function of
maximum tissue displacement. This maximum displacement corresponds
to the envelope of the maximum temporary cavity. Hence, the maximum

6 "Wound BaZiitico", Office of the Surgeon General, 1962.
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temporary cavity envelope can be interpreted as a relative measure of
a bullet's capacity to do damage as a function of penetration. This
temporary cavity explains the so-called explosive effects often noted
with high velocity and deforming bullets. It is in this explosive
effect which differentiates high velocity or deforming bullets from
low velocity, non-deforming bullets. One of the earliest and still
more popular theories was that this effect was connected with a
shock wave generated on bullet impact. However, this wave moves
through the tissue at a rate of approximately 1250 m/sec (4100 ft/sec)
with very small associated particle displacements and is well beyond
the wound region before the temporary cavity expansion occurs. The
same type response is observed in gelatin.

The crucial missing link which allows the use of gelatin as
a tissue simulant is the quantitative correspondence between the
easily observed temporary cavities formed in gelatin and the temporary
cavities formed in tissue. During the conduct of this study, experi-
mental data were obtained to show the correspondence between the
cavities in the two materials. Figure 6 shows the contour of the
maximum temporary cavity (MTC) formed in gelatin and animal tissue
for a 6.35mm (.25 inch) diameter sphere. The data points correspond
to measurements of maximum radius of expansion as measured using
a multi-flash x-ray system. As seen in this figure, the gelatin data
closely follows that for tissue. The differences are due to the fact
that tissue samples were not as thick as the gelatin samples.

The above reasons for the use of gelatin are not meant to imply
that it is the only material which could be used to simulate tissue.
There well may be other viscoelastic materials which simulate the
response of tissue as well. Materials such as clay, sand, soap,
and telephone books do not fall into this category and while they may
simulate one aspect of the penetration/response phenomena, they are
not viscoelastic in nature and do not simulate the overall character-
istics of penetration as well as gelatin, Additionally, even though
there may be other materials which may do as well as gelatin, another
reason for perpetuating its use is the massive data bank compiled for
different projectiles over the years. By using the same material, a
direct comparison between any projectiles previously evAluated and
any new projectiles is possible.

Once the target material iLas been chosen, it must be determined
how the projectile characteristics affect formation of the N17C. The
purpose here was to investigate the effects of projectile geometry
or shape, caliber, orientation on impact and during penetration,
construction, and how it effects break-up and deformation and lastly,
the effect of changing striking velocity. In the general problem where
all of these effects may be present they will not be independent of one
another.
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Because of the complexity of the general problem an experimental
approach was used. The experimental information on the penetration
behavior of the bullets was organized to allow assessments based on
manufacturer, type construction, mass, caliber, and velocity of the
bullet or any desired combination of these factors.

This was accomplished by observing the bullet behavior, i.e.,
deformation rate of slow down, tumbling, etc. during penetration of
the gelatin by means of high-speed photography and fiUsh x-rays.
The details of these experiments will be described later. Also to
be described later is an analytical model which pern,.ts the computation
of the MTC and Relative InCapacitation Index for rigiu non-tumbling
bullets. Many observers consider this class of bullet as an
attractive alternative to deforming bullets. This model permits one
to parametrically study the effects of shape, caliber, mass, velocity,
and density of the bullet. This includes all full-jacket and metal
piercing bullets and all lead bullets at velocities less than 240m/s.

With the two inputs, MTC and the Vulnerability Index, we now
have the pieces necessary to provide a figure of merit for a shooter/
weapon/ammunition combination: average vulnerability of the body versus
depth of penetration and damage versus depth of penetration. The
convolution o1 these two functions yields a single number for the
measure of effectiveness defined as the Relative Incapacitation Index,
RII. That is, the vulnerability function is used as a weighting
function in the calculation of wound volume to indicate the relative
importance of causing damage at a given depth of penetration. Compu-
tationally, this is accomplished by taking each small increment of
cavity volume and multiplying it by the Vulnerability Index at the
corresponding depth of penetration. The sum of all these weighted volume
increments is the RII. The actual formula for calculating the RII is:

Ix max penetration depth

RII = Rx (x) V (x)dx,'x 0

where, R(x) is the cavity envelope radius and VI(x) is the Vulnerability

Index at a penetration depth of x as shown in Figure 7. It is this
weighted volume of damage or RIh which is used as the figure of merit
for a hit distribution/projectile combination. The RII then is the
me•easure if relative stopping power.
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B. Ricochet and Penetration Performance

The penetration/ricochet interface for handgun bullets occurs
in the case of relatively thin targets. Typical targets which fall
into this class are passenger cars and other similar vehicles, interior
building structures, wood or plastic walls, glass windows, signs and
other non-load bearing structures to be found in both rural and urban
environments. The primary interest in this study was to investigate
the penetration/ricochet hazard in terms of the potential risk to by-
standers caused by unspent bullets shot during a fire-fight.

For the type projectiles and targets involved, projectiles
penetration is controlled by local impact effects without involvement
of bending or gross structural failure. Roughly speaking, this occurs
when the time required for the projectile to penetrate the target is
small compared with the time for a bending wave to reach the nearest
support member. At normal ordnance velocities for handgun bullets,
the force resisting penetration is proportional to the density of the
target material, its shear resistance and the density of the pro-
jectile itself. The mass and velocity of the major projectile frag-
ments after penetration controls the hazard to bystanders caused by
penetration. The resultant equation for residual velocity after
penetration is a function of impact velocity, impact angle, mass,
construction and caliber for each material as well as the other
parameters mentioned above.

One of the earlier and most complete analytical treatments
of ricochet is provided by Sedov in the study of water impact by
seaplanes. Sedov found that the significant parameters in non-
dimensional form governing ricochet to be eleven in number, as
shown in Table I. Clearly, the current handgun ricochet problem
excludes some of these parameters and adds others. The last three
parameters are most important to water ricochet and are not important
at all in ricochet from solid targets. In order to obtain a
scientifically based characterization of handgun ammunition at the
level of sophistication shown in Sedov's work one would have to
carefully measure at least the necessary variables to evaluate the
first eight parameters in Table I. The criteria chosen as the
measure of the hazard to bystanders was the minimum velocity for

penetration of the skin. The rationale being that any bullet or
fragment having sufficient mass and velocity to penetrate the skin
had the potential to produce a serious wound.

IV. EXPERIMENTAL TECHNIQUESI!. Laboratory investigation of significantly different handgun
bullets in the caliber range 9mm to .45, which werý; currently
available to law enforcement agencies in the United States, was con-
ducted. These experiments included the following:
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a. A determination of each bullet's behavior on striking

and penetrating ordnance gelatin, as a function of its impact velocity.

b. Measurement of the formation and subsequent development
of the temporary cavity produced in the gelatin by each projectile,
using high-speed motion pictures.

c. Measurement of the dynamic behavior of each bullet
as it penetrated the gelatin, i.e., its stability and deformation,
using flash x.ray photography.

d. Measurement of the impact velocity of factory-loaded
ammunition corresponding to each bullet under study, when fired from
various handguns currently used by law enforcement agencies.

e. Measurements designed to determine the ricochet and
penetration potentials of each bullet, as a function of angle of
incidence and velocity, when striking various common materials.

Details of the experimental techniques, tissue simulant pre-
paration and data reduction technique can be found, along with the
data gathered for each test round, in the following documents:

a. "Ammunition For Law Enforcement: Part II, Data
Obtained for Bullets Penetrating Tissue Simulant", W. Bruchey, et. al.,
Ballistic Research Laboratory Report No. 1940, 1976.

b. "Ammunition For Law Enforcement: Part III, Photographs
of Bullets Recovered After Impacting Tissue Simulant", W. Bruchey,
et. al., Ballistic Research Laboratory Memorandum Report No. 2673, 1976.

The amnmunition used in this study consisted primarily of hand
loaded cartridges in calibers .9mm through .45. Bullet velocities
were adjusted such that striking velocities varied nominally between
120 m/sec (400 ft/sec) and 700 m/sec (2300 ft/sec). The bullets were
obtained from commercial manufacturers within the United States. All
weights and type bullets either available from or supplied by these
manufacturers were evaluated. The manufacturers were chosen such
that the vast majority of bullets used in commercial handgun cartridges
could be evaluated. The actual bullet manufacturers considered were:

1. Winchester-Western

2. Remington-Peter

3. Super Vel

4, Smith & Wesson

S. High Precision

6. Zero

7. Hornady

8. Sierra
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9. Speer

10. Glaser

11. MB Associates
12. KTW

Obviously, the above list does not include all manufacturers of
ammunition for two reasons. First, many manufacturers use the above
bullets in their loaded cartridges and differences in stopping power
would only depend on velocity, and second, this list comprises over
90 percent of the bullets available on the market. Concurrance in
using the above list was given by the LESL project officer.

For the actual gelatin firings, typical police handguns were
not used. Since one of the more important parameters under investi-
gation was the effect of bullet velocity on stopping power, it was
necessary to examine velocity levels below and well above those
experienced from standard cartridges from standard weapons. In the
case of high velocity testing, chamber pressures exceeded those
permissible in standard handguns. For safety, then, Mann test barrels
were used. At this point it should be noted that even though
stopping power results will be presented up to velocities approaching
700 m/sec, the powder charges necessary to attain these velocities
from standard handguns may be well above acceptable safety limits
and should be approached with caution.

The justification for testing at non-standard velocities was
manyfold. As is well documented in previous studies by many in-
vestigators, different type bullets deform differently as a function
of velocity. It was the purpose of this study to develop a general
criteria which requires that stopping power be known as a continuous
function of velocity. To this end it was important to know the
degree of degradation experienced in stopping power if lower than
standard velocities are used, i.e., velocities below which defor-
mation of the bullet occurs. Also it was important to determine if
the effects of possible excess deformation or fragmentation of the
bullet at higher than standard velocities enhances or degrades
stopping power. Additionally, if only commercial loadings were
used and stopping power was reported for these particular cartridges,
future changes in loading specifications by a manufacturer to alter
velocity would make the stopping power estimates of limited usefulness.

For both the determination of the ricochet/penetration character-
istics and the velocity/accuracy measurements actual commercially
available cartridges and handguns were used. These included the
following cartridge manufacturers:
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Winchester-Western

Remington-Peters

Super Vel

Smith & Wesson

3-D

Speer

Browning

Federal

Deadeye Associates

MB Associates

A. Data Storage and Retrieval

The data gathered in this study and tabulated in the above
references is stored on a Wang 2200 Computer DISK. The storage
program contains extensive information on each projectile. For example,
the bullets are described by manufacturer, caliber, mass and con-
struction type such as jacketed soft point, lead round nose, etc.
The experimental data stored in the computer consists of striking
velocity, flash x-ray penetration versus time data, and x-ray
bullet expansion measurements in gelatin. Lastly, the symmetrized
cavity envelope contour as measured from high-speed movies is stored
for each round. The cavity measurements were taken at approximately
5mm (6.2 inch) increments of penetration. By using the phrase
"symmetrized cavity envelope" we mean the array of depths of pene-
tration and maximum cavity radii for each depth measured. The radii
are taken to be one-half of the cavity dimension which is perpendicular
to the projectile path. This symmetrization procedure is justified on
the basis of numerous observations. For example, in 1957, M. Kraus
published x-ray pictures of temporary cavities in animal tissue
showing nearly circular transverse cross-sections. This is not to
imply that the permanent cavity is circular in cross-sections; in
fact it is not. The reason temporary cavities are nearly circular
in cross-section is based on the principle of minimization of energy
for any physical system, vis. the cavity boundary seeks a configuration
of mimumum surface area. Furthermore, although neither the longitudinal
nor transverse cross-sections for any particular cavity are exactly
symmetric, the variations'from symmetry occur in the nature of statis-
tical fluctuations, and no significant trend was observed. In
addition to the information stored in the computer, the BRL maintains
all of the original x-ray sequences and high-speed movies on file.
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A software retrieval code for the data stored on the Wang 2200
DISK was developed to aid in the analysis of the data. The retrieval
program allows the user to scan all the rounds for any combination
of the following:

1. Manufacturer

2. Bullet types

3. Calibers

4. Bullet masses

5. Striking velocities

Table II is an example of scan output. The rounds which satisfy a
scan are saved on the DISK. The program has the capability for
modifying and updating scans.

In addition to listing the scans, for a selected aim error/aim
point, the RII can be calculated for each round in a scan. For
this purpose each set of VI data generated is also stored on the

DISK. Another output option is plotting graphs of RII versus striking
velocity with a unique plotting symbol for each manufacturer. Curve
fitting and curve plotting options are also available for these
graphs. Lastly, the symmetrized cavity envelope contours can be
plotted for any round.

B. Calculation of the Relative IncapacitEtion index

As described in the program methodology, the measure chosen for
relative stopping power is the RII. To calculate RII each small
increment of cavity volume is multiplied by the vulnerability index,
VI, at the corresponding depth of penetration. The sum of these

weighted volume increments is the RII and is given by the following
formula:

x = max penetration 2
RII =f i R (x) •VI(x)dx (2)

x = 0

The data recorded for each round consists of the maximum radius of
expansion of the cavity at approximately 0.5cm increments of pene-
tration. The VI curves were tabulated at lcm increments of pene-
tration. The actual calculations were performed using this digitized
information and the following formula:

xmax

RII . Z R2 (x) V (x) (3)

x=0
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whers

x depth of penetration in 1.Ocm increments

Xmax a max depth of penetration or 30cm whichever is
larger

R(x) cavity radius, cm, at depth of penetration, x

V (x) vulnerability index at a depth of penetration, x
When the measured radius was not ecorded at a given depth of

penetration, the preceeding and succeeding data points were used
in interpolate for the radius at a depth, x; i.e., R(x).

V. THEORETICAL CAVITY MODEL

When one considers the time and expense involved in procurement,
testing and data reduction, it is highly desirable to have a
mathematical model for relating the bullet parameters to the corre-
sponding temporary cavity envelopes formed in gelatin. At this time
a provisional model describing the cavity formation has been completed

and made operational. 7 The basic idea of the model is illustrated
in figure 8. Here the projectile is moving through the target
meditun along the X-axis with instantaneous velocity, V(Z). The
dynamic pressure, P(Z), at the surface of the projectile can be
represented by:

P(Z) P o p0 CD v 2 (Z) + a0 (4)

where p0 is the density of the target medium, CD is the drag co-

efficient and a is the flow stress of the target medium. The choice

of the above equation is not unique but has been found to represent
the "slow-down" of the bullet in the target with acceptable accuracy.

For the instant shown in Figure 8, the dynamic pressure is
interpreted to be the source for a stress wave propagating spherically
outward from the point Z, the instantaneous position of the bullet.

D7Dubin, H.C., "A Cavitation ModeZ Por Kinetic Energy Projectile•
Penetrating GeZatin", Ballistic Research Laboratory Memorandum
Report No. 2423, December 1974.
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Consider an arbitrary observation point, Q. The local stress at Q,
PQ, due to the spherical wave originating at Z can be represented by:

pQ - P(Z) e"R/ (1/R) CS)

The factor (l/R) is the geometric atteunation for the amplitude of a
spherical wave, where R is defined in Figure 8. The exponential factor
is an empirical device to account for losses to the target medium.
X is an effective screening length and was determined for the gelatin
material through data analysis. This screening length is characteristic
of the distance the stress waves could propagate before being opposed
by the medium.

The heuristic motivation for the model is based on the following:

pressure = impulse flux

force/area = (force t time) (l/(time . area)) (6)

From this relation we see that integrating an impulse flux over time
is the same as integrating a pressure overtime. Furthermore, if all
of the impulse is delivered in a short time, one can approximate the
total impulse per unit area by summing all of the pressure contri-
butions which are present. In this way one can approximate what will be
be called the total "push" felt at Q with the following integral:

Simpuse/2

["push" at Q) = area at Q]Q-1 P(Z) e dZ DZ (7)ii area R (Qr)

f
0

In terms of the model geometry one sums all the contributions to the
pressure at Q due to the dynamic pressure at the bullet from the time
it enters the target until it passes by the observation point ZQ.

This quantity is designated as D(ZQ~rQ). Experimental evidence shows

that very little displacement of the medium occurs until after the
bullet passes by, thus, supporting the assumption of a sudden impulse.

An important restriction on the applicability of the model is
that the bullet must be moving slowly enough that the outgoing stress
waves do not interfere with each other. This occurs when the bullet
velocities are less than Mach 0.8 in the target medium. For gelatin,
the speed of sound, Mach 1.0, is comparable to that in water; aboutI 1450 meters per second. Similarly, the speed of sound for fat tissue
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has been measured to be 1440 meters per second and for muscle to be
1570 meters per second. Consequently, the model should only be
applied to projectile velocities less than 1000 meters per second.

The final step in the model is to postulate the existance of a
critical value of D(ZQ~rQ). The value, called Dc, is the impulse of a

unit area which delineates the temporary cavity envelope. This results
in the following criteria for calculating the contour of the temporary
cavity formed by bullet penetration:

1. If D(ZQ, rQ) > Dc, the point, Q, lies within the

cavity envelope.

2. If D(ZQP rQ) < Dc, the cavity will never advance

as far as Q.

3. If D(ZQ, rQ) = Dc, then the point, Q, lies on the

cavity boundary.

The cavity model is then of the form:

D, = Q [P(Z) /R] dZ (8)

such that the maximum temporary cavity envelope is found by finding
the locus of pairs of coordinates (ZQ, rQ) at which the above equation
is satisfied.

"To implement the cavity calculation, an expression is required
for the dynamic pressure, P(Z), as a function of penetration distance,
Z. This accomplished by using equation (4):

P(Z) = 1 p C V2 (Z) + a
0 0 0

which can also be written, by definition, as

F/A - Force/Area = P(Z)

F = P(Z) • A
d2ZS- P(Z) . A
dt
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dV
mVV= P(Z) *A

V dV P P(Z) dZ. m

Integrating from the striking velocity, Vo, at penetration distance,

Z = o, to the velocity, V, at penetration distance, Z, and using
"equation (4) for P(Z),

fVdV= -f [-pCV 2 +o] dZ

•",2 • -A, cAz. 2croA-•i , v2(z)=Voe o O + _ 7oo('C=Z_)
V2(Z) P CC (e -CDZ)

Substituting this expression into equation (4) results in the required
expression for P(Z) as a function of Z. The cavity model then be-
comes:

Dc .1Q[/ c -ec& + £ (e=oce.Z ,))+0 o]e dZ (9)

where A is the presented area of the bullet and m is its mass.
Values of C were empirically determined for bulletsg of different
shapes and °are listed in the results section. The numerical values
of the remaining parameters are:
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Po = 1.07 g/cc

T = 2470 dynes/cm2

D = 1.4 x 108 dynes/cm
2

A = 3.945 VA cm

V1. RESULTS

A. Effect of Aiming Error on the Hit Distribution

As stated earlier, the desired characteristic of a hit distri-
bution model is the ability to represent the spatial distribution
of possible trajectories for bullets fired from a given weapon.
For small arms fire this characterization is obtained once the
range is known and the standard deviation of shots about the aim
point has been determined. Using these standard deviations, the
assumption was made that shots are normally distributed about the
aim point and horizontal and vertical miss distances are independent.
Monte Carlo sampling techniques were used to determine the directions
and impact points for a set of "shots fired" at the Computer Man.

The aiming error, as determined from actual impact points on a
silhouette target, consists of two components; one due to the

shooter and the other due to the ammunition/weapon. No attempt was
made to generate experimental data on aiming errors. However, two
sets of data were available from other sources. The first set of
data was made available by the Human Engineering Laboratories (HEL)
at APG. It consists of the aiming error as a function of range for
soldiers firing the M1911AI pistol under "stress" conditions. By

"'stress" conditions is meant that the soldiers, Group A, were
instructed that their prime purpose was to hit a pop-up silhouette
target as quickly as possible after exposure. These targets appeared
in random sequences out to a range of 30 meters.

The second set of data were taken from a report prepared by the
H.P. White Laboratories for the U.S. Army Land Warfare Laboratory (LWL)
at APG. These tests consisted of timed fire by highly trained police
officers, Group B, using .38 Special revolvers. B-21 silhouette
targets were used.

The composite curves of aiming error versus range for both
sets of data are shown in Figure 9. As can be seen, the Group A
curve lies considerably higher than the Group B curves and the
aiming error in both cases decreases with increasing range. The
difference in level between the two curves is due primarily to the
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test conditions since both groups were familiar with their weapons.
Timed fire at an exposed silhouette target is less difficult than
firing at randomly exposed targets. It is felt that the conditions
experienced by Group A more closely approximate those encountered
in law enforcement situations; consequently, Group A data were used
as the basic hit distribution for calculations of stopping power
in this study. Group B data were used to demonstrate the effects

!- of increased shooter accuracy on stopping power.

The second factor to be observed from these two curves is
that aiming error decreases as range increases. This observation
is consistent with independent,.tests conducted in other small arms
studies. Conjecture is that this phenomenon is due to the shooter
taking more deliberate aim and making better use of the gun sights,
especially at longer ranges; thus, as the range increases, the
"point and fire" tendency of the shooter is replaced by "aim and
fire."

Figures 10 through 12 show the Group A hit distribution on a
silhouette of the Computer Man for random sample of 4 shots. A
similar set of plots are shown based on the Group B curves in
Figurus 13 through 15.

In both sets of figures, the ranges correspond to the average
engagement range, six meters (approximately 21 feet), and one-half
and double this value. The circles and ellipses show separate
regions of constant standard deviation about the aim point, denoted
by the "X" in the figure. The zones correspond to:

Zone 1 - shots impacting within innermost circle or
ellipse, corresponding to one standard de-
viation radius or less.

Zone 2 - shots impacting outside Zone 1 and less
than the outermost circle or ellipse,
correspond to a standard deviation of
one or two.

Zone 3 - shots impacting outside Zones I and 2,
corresponding to a standard deviation
greater than two.

The purpose of presenting these figures is illustrative only.
They are to give the reader a better appreciation for the locations
of impact points on the Computer Man and a visual picture of the
magnitude of aiming error expressed in mils. For the actual
computations in the Computer Man program, the trajectories are
traced through a three-dimensional target. Additionally, 10,000
"shots" were used in the actual program rather than the 4 used in
the illustrations.
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As stated previously, the aiming error, as depicted in Figure 9
contains contributions due to the shooter and the ammunition/weapon
used. Data gathered in previous studies show that shooter error and
ammunition error can be treated! as statistically independent; that
is, the square of the aiming error, Tt, is the sum of the squares

of the shooter error, Ts and ammunition error, T i'e.,

2 2  (0)
Tt T +s a (

The Group A and Group B data do not indicate what part of T is due
t

to the ýhooter and what part is due to ammunition. To determine
the impbrtance of T as it affects stopping power and how it varies

with weapon, choice of ammunition, bullet velocity, etc., a series
of tests were carried out to measure T for three variations.

a
The ammunition used consisted of more than 100 different types

(i.e., bullet construction, manufacturer, and mass). The weapons
were fired from a machine rest at paper targets (28cm x 36cm) fifteen
meters away. The vertical and horizontal impact points on the target
were measured from an arbitrary reference point. The standard de-
viation, S.D., of the shots about the center of the shot pattern was
then computed. The ammunition error, T, is the standard deviation

converted to muil units, i.e.,

S.D. (cm)afi•X 1000 (11)
aRange (cm)

For the over 100 different tests run, with Gne exception, the
average ammunition error was 0.98 mils with a standard deviation
of 0.8 mils. The total aiming error, Tt. for %anges from three

meters to twelve meters, varies from 5Y mils to 30 mils for Group A
and 23 mils to 16 mils for the Group B data. Using the average t aS~a

value, the percent of the total aiming error, t', attributable to

the ammunition was less than 1%.

The coitclusion based on these data is that the inherent
accuracy of ammunition from manufacturer to manufacturer, bullet
type to bullet type, weapon to weapon, and bullet velocity level
were not significant when compared to the shooter error and was
not effected by weapon type. In other words, a0munition accuracy
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"far exceeds shooter accuracy. This conclusion should not be inter-
prete4 a5 saying that total aiming error, Tt, islindependent of

recoil level associated with a given weapon/ammunition combination.
In fact, there should be a strong correlation. For example, with
respect to the average police officer, it would be oxpected that
shootet errors are greaterwhen firing the .44 Magnum pistol as
compared to the .38 Special pistol even 'hough the inherent accuracy
of the ammunition was approximately +he same in both cases. Recoil
effects on shooter accuracy were not addressed but its effect on
stopping could be investigated in a subsequent effort.

The one exception to, the above discussion concerning the
importance of ammunition error were th;e tests conducted using the
MB Associates' Short Stop Cartridge., Only a limited number of
cartridges were available at ,tIe time of testing. When fired from
a machine rested revolver at a distance of fifteen meters at a
target 28cm x 36cm, insufficient hits on the target were obtained
to permit computations of ammunition errors. Consequently, as
opposed to conventional ammunition, thw accuracy of these rounds
could adversely affect the stppping power of the weapon/shooter
combination being considered. At this time, it is not known if
this inaccuracy is inherent in this cartridge or if there is a
quality control problem with the particular ammunition tested being
of low quality.

B. Effect of Aiming Error on the RII for Handuns

The vulnerability index,,VI, as a function of the depth of

penetration into the body is an indicator of the ability of the
weapon/shooter system to place a shot in the path of a vulnerable
organ and the level of importance of these organs in contributing
to stopping power. Here vulnerable organ is defined as an organ,
tissue type or computer cell which has a non-zero value of importance
to stopping power. Using the hit distribution model, as previously
discussed, a random sample of trajectories was fired at the Computer
Man and the average vulnerability index as a function of penetration
depth was determined. Six different VW(x) curves were comnuted as
listed in Table III.

The corresponding V1 curves for the standard aim point are

shown in Figures 16 through 19. Each of these curves is a composite
based on the firing of 10,000 trajectories at the Computer Man. The
sample size of 10,000 was chosen to ensure numerical stability of the
VI curves. Since the V is a function of shooter accuracy, or the

ability to hit a target, the V curves change as a function of range,
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Figures 16 through 18, depicting the Group A date, also show
a change in ,.tructure as a function of range to the target, This is
due to the injury criteria and the spreadi 'ng out of the shot pattern
as the range increases. The injury criteria is a very stringent cone,
immediate incapacitation, and -results in only a limited number of the
organs of the body being vulnerable. Ono of theniost 'vulner'able areas
is the, cervital spine. This area is highly localized along a narrow
strip at a relatively deep depth of 1.'enetration. This is why Figure 16
shows a second peak,. As the range increases,,however, the probability,
of a shot actually hitting the spine betý,omes qu~ite small. Thits the
peak becomes 1,4ss apparent As the range increases until at 12 meters
it that fosaapgiven. Coprange thFighter 17t ad "igtreib of9 ithc e
iet thas disappeiredn Corarnge thightre 17t ad igtrure19,oitcn e'
Group b data produces a higher vulnerability index level.

Since the V1 curve;~ will be used as Weigh~ting ftite-tion't to

assess the import 'ance of producing tissue damage at a given cdepth of
penetration, it should be a~pparent tchat the result3nt stoppi~np power
for a given cartridge will c~hange dependent on the rango. and hit
distributiora. For a 'given range,' it is possible tha't increa'sed
shooter atcurac)' tan offset the effect, of usiln'g a, potenti.'ily leos,
"~effectt,.ve"l cartridge. This point will be dilscussea ~further when

the actual stopping power of cartridge' types is presented.

One last factor to be Adaressed as to its effects on theV 1

curve and subsoquent stopping power computations is the location of
the shocter'alia point. The point chosen for Figures 16 through 19
was the center of mass of the target, I.e., hiid-thorax, and corriespond
to the aim point on the standarO~ silhouette target. However, the
medical assessment showed that the vulnerable organs lie in primarily
the upper half of the body. For the Group A hit distribution, many
of the hits aro on, the lower half of the'body which does not contain
vulnerable organs. The Group B distribution, on the other hand, is
tight enough that many of the vuln~erable'organs above the aim point
are not hit,., This implies that there may bu an optimum aim Point
which lie,% higher than the generally accepted aim point,

To determine if in fact a more optimum aim point existcs, i
seconkd series of vuinerability indices wero4 Oetermined'with the aim
point shifted to aprroximately arm pit 'level. The resultant hit
distribution super-imposed on the C-omp'ter tvLan~silhouet'ce with'this
aim point is shown in Figure 20 for the Group A dAt~a and Figure 21
for the Gr~jup B data. The resultant vulnerability index curves are
shown in Figures 22 and 23. Notice that when these two curves are
compared with the lower aim point curves, there is a significantly
greater area under the cvrves indicating a 'iigher probability of
encountering a vulnerable tissue on any given thot.. Additionally,
it is evident that the character or shape of trn& curves has changed.
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This is because the higher aim point is now concentrating the shots
in an area where the vulnerable tissues lie closer to the front of
the man. For this aim point, it is expected that some of the rounds

Swhich do not penetrate as deeply as others and do not cause as much
damage at greater depths of penetration for the low aim point would
be more effective in terms of stopping power if the higher aim point

'were employed. This point will be addressed later as to its net effect
on stopping power.

C. Determination of the RII for Commercially Available Handgun Bul' lts

The effect of striking velocity on the calculated measure of
relative stopping power (RXI) for each bullet evaluated in the study
is listed in Tables IV through LXI. The data in each table is grouped
according to mass, construction type, and caliber for all manufacturers.
The tables make use of the following abbreviations:

Caliber: 9mm is listed as a caliber range from .353 to .355

.357 includes both .38 Specia3 and .357 Magnum bullets

.41 is listed as .41

.44 is listed as .429 or .427 to .429

.45 is listed as .45 to .454

Shape/Construction (for each caliber1:

LSP - Lead Soft Point

L, RN, LRN - Lead Round Nose

WC - Wadcutter

SWC - Semi-Wadcutter

LHP - Lead Hollow Point

JFP, JSP - Jacketed Flat Point, Jacketed Soft Point
(flat nose)

JHC, JHP - Jacketed Hollow Point (flat nose)

FMJ, FJ - Full Jacket

HEMIJSP - Jacketed Soft Point (round nose)

HEMIJHP - Jacketed Hollow Point (round nose)

PP - Power Point, same as FJ but with exposed lead

MP - Metal Piercing

SSG - Safety Slug

SS - Short Stop
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Manufacturer: Hi-Precision - HI

Zero - ZE

Winchester-Western - W-W, W-

Sierra - SI

Smith Wesson - S+W, S+

Remington - RE

Hornady - 110

KTW -KT

MB Associates - MBA, MB

Deadeye Associates - Glaser, GL

Super Vel - SU

Speer - SP

Using computer predictions and actual bullet data, a curve of
the form:

RII e (A + BV .'.

(12) where RII = relative

incapacitation
index

v =striking velocity,
fps*

A, B, C = are curve fitting
parameters

or
BV CD

RII e(A + ) (13) where v = striking vlocity,
mps

D= .3048

was fitted to the RII values for each bullet type using least
squares techniques. The numerical values of A, B, and C are printed
below each table. This equation provides a means of estimating the

avorage RII for a. given bullet construction, mass, and caliber. It
can then be used to rank bullets of different manufacture. Tworanking techniques were examined. The first was the average deviation

of a given manufacturer's bullet about the fitted curve. That is, each
bullet ot specified manufacture was compared with the average curve for
all bullets of that type and the number of units it was, on the average,
above or below the curve was computed. The greater the avei.Lg, de-
viation, the higher or lower the ranking. In the attached tables,
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manufacturers are listed from lowest to highest average deviation.
The second method of ranking examined was the percent of a given

.manufacturer's data which fell above or below the average. The
actual values of average deviation can be effected by a "flier" in
the sense that, on the average, a manufacturer may rank very high
but because of one or two very low data points its position in the
ranking is adversely affected. The percent above the average would
not be effected as much by these averages. Both the average deviation
and percent data points above the average for each manufacturor are
given in the tables. By considering both factors together, one can
rank bullets by manufacturers.

In additioi'ý-o the data tables for each bullet type, the curves
of average RII versus "velocity (calculated with Equation 12) are
given for each bullet in Figures 24 through 82. Tables IV through
LXI include a notation as to which figure the table applies for ease
of cross reference.

Examining these tables, there is no clear cut choice of best
manufacturer. However, the data indicates in general that Speer,
Winchester-Western, and Remington generally have the highest rankings.
Additionally, when bullets from these three manufacturers are compared
the order is the same: (1) Speer, (2) Winchester-Western, (3) Remington
with few exceptions.

Comparison of the average curves in Figures 24 through 82 is
more difficult and subject to interpretation. Intimately built into
these curves is manufacturer's construction type. It can be seen in
the tables that certain manufacturer's bullets always tend to give
low RI's compared to OtherS. Consequently, when one desires to
look at average response tb rank bullets by type, caliber, and
weight, if all the data in one instance came from a low ranking
manufacturer, the absolute ranking of a type bullet may be adversely
affected.

One of the most frequently asked questions concerning stopping

power is: "In the caliber range from 9mm to .45, what is the optimal
caliber and weight bullet?" Answering this question was one of the
goals of this program even though objective analysis was difficult
because of the many factors which enter into the choice of optimal
caliber and weight bullet. As evidenced from the test data, the
most important factors which hinder an objective choice are:

Construction

Shape/Geometry
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Construction is largely related to manufacturer. Not all
manufacturers offer bullets of each construction type through the
whole caliber range. Consequently, the data base would not be
consistent between calibers. For instance, one of the better bullet
designs was found to be the LHP. In the caliber range of primary
interest, this bullet type is available only in .357 caliber. None
are available in 9mm or .45 caliber. When one examines the shape of
bullets available in the different caliber, the same is true. A
given shape/geometry bullet may not be available in all calibers.
This is particularly true when one compares the 9mm and .45 caliber
bullets as a group to the remaining calibers as a group. Both the
9mm and .45 caliber bullets are used primarily in semi-automatic
handguns. Because these weapons are magazine fed, the bullets are
"streamlined" in shape to insure proper feeding into the chamber.
However, this "streamlining" is detrimental to stopping power.
Consequently, while the 9mm and .45 caliber bullets may rank low
in RII, this may not be a true indicator of the potential of these
calibers.

To answer the question, one must subjectively re-adjust the
bullet type curves to eliminate the construction and geometry bias
to arrive at the following results.

Within the caliber range tested, the stopping power increases
with caliber, that is the .45 caliber ranks highest. However, the
optimal bullet weight is not the heavy standard bullet but one
weighing about 170 grains. This can be born out by examining the
data. For the .357 data, RII increases with weight up to 158 grains.
For the larger caliber data, RII increases with decreasing weight
down to 170 grains. This implies that the optimal weight lies
somewhere in the range from 158-170 grains.

When one considers why deforming bullets are used it is not
surprising that the .45 caliber should rank highest. Deforming
bullets cause a sudden increase in presented area on impact. This
increases drag in tissue, increases the rate at which energy is
deposited by the bullet, and enhances tissue damage. The .357
caliber hollow point bullets expand on impact for this purpose
but the .45 caliber bullet is already the size of a deformed .357
even before impact and can only get better once its deformation
begins. The .45 caliber bullets as tested suffer primarily from
their streamlined shape which inhibits deformation.

The data also indicate that a near optimum velocity is 335m/s
(1100 ft/sec). It is at approximately this velocity that the RII's
rise very rapidly or have reached a plateau.
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Coupled closely with caliber, mass, and velocity is shape.
The data indicate that the most effective design is the lead hollow-
point (LHP). Hollow-points generally deformed to a greater extent
than other types, provided the velocity is high enough. Without
greater extent.

D. Determination of the RII for Commercially Available Cartridges

A sample of nearly 100 different commercially available
cartridges was test fired from typical police handguns to determine
muzzle velocities. Equation 12 or 13 was then used to calculate
the relative incapacitation index, RII, for each of these cartridges.
The results are given in Table LXII. It should be noted that this
table is not all inclusive, but is a sampling of ammunition available
at the time of the tests. Manufacturers may change their powder
loadings from time to time for one reason or another producing
different velocities than those reported. Additionally, different
type handguns may give different muzzle velocities than those in
the table. Consequently, this table is meant to provide a guide
to ammunition selection. In practice, when a law enforcement agency
desires to use a cartridge found in Table LXIII or some cartridge
using a particular bullet found in Tables IV through LXII, the ammunition
should be test fired to determine muzzle velocity. The RII can then be
calculated using the following procedure:

1. Determine muzzle velocity (fps)

2. Specify the bullet (not cartridge) type by:

a. Manufacturer (this may not be identical
to the cartridge manufacturer.

b. Construction, i.e., LRN, JHP, SWC, etc.

c. Mass in grains

d. Caliber

3. Locate the appropriate bullet RII table (between
Table IV and LX)

4. Use the values of A, B, and C found in the table in
the following equation:

RII = e(A+Bv+c/v)

S. At the bottom of the table is listed the average
deviation of each manufacturer from the above equation.

: •The specific RII for the chosen bullet is given by

RII RII + AVG DEV
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If the manufacturer is not given in the appropriate table then set
AVG DEV equal to zero. To illustrate this procedure, the calcu-
lation of the RII for the 125 gr., .357 Magnum, JHP, Remington
cartridge follows:

1. Muzzle Velocity: 1366 fps

2. a. Remington

b. JHP

c. 125 &r.
d. .3S7

3. Reference Table XXIII

4. A = 4.268997+

B a 8.61675+ t-04 (.000861675+)
C = -2512.29936

RITI = e(A + 1366.B + C/1366)

= 36.85

5. AVG DEV = 3.96

RII = 40.8

As stated above, Table LXIII is not all inclusive and it
should be noted that the RII tables, Tables IV through LXII, contain
more manufacturers and bullet types than listed in Table LXIII. Many
manufacturers offer many bullets in the form of handloading com-
ponents and do not make them available in loaded cartridge form.
As many of these handloading type bullets as possible were tested
and included in the tables. The procedure given above .would also
be used to calculate RII for these bullets when used in loaded
cartridges.

Manufacturers of ammunition, both commercial and wildcat, are
continually making changes in bullet design to improve thoir products.
Many of these designs may not be found in Tables IV through LXII. In
this event, the determination of RII would have to be made experimentally
by firing the bullets into tissue simulant as was done in this study. If
this is necessary, the following procedure must be followed:
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1. Measure the maximum temporary cavity formed in a gelatin tar-

get by following the procedures given in BRL Report 1940, "Ammunition
For Law Enforcement: Part II, Data Obtained For Bullets Penetrating
Tissue Simulant". This results in a table of cavity radium vs. pene-
tration distance, i.c., R(x) vs. x. As an example, consider the
Speer .45 caliber, JHP bullet fired at a velocity of 374 m/s (1227 f/s), I
Round No. 519, Table LVI. The cavity data taken from the above report
is:

x (mm) R C.m)
0 3{9

6 43
11 48

17 51
23 5S
29 58
35 60
41 62
47 63
53 63
59 64
65 62
71 62
77 61
83 59
89 56

101 52 i

107 so

113 47 71[• 119 44

125 40
131 37
137 31
143 25
148 24
155 23
161 23
166 22
172 21
178 18
184 15
190 13
196 11
202 9
208 8
"214 8
220 6
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2. Figure 17 shows the V (x) curve used in the calculation of

RII as follows: interpolate the R(x) vs. x data to get R(x) at lcm
increments, calculate R2 (x).V (x) at each point, sum the results and

multiply by w, i.e.,

x(cm) R(cm) V1  R2 VI I

0 3.9 0.0 0
1 4.8 .0061 .140
2 5.4 .0169 .493
3 5.8 .0477 1.604"
4 6.2 .0608 2.336
5 6.3 .0588 2.333
6 6.4 .0564 2.309
7 6.2 .0458 1.819
8 6.0 .0388 1.396
9 5.6 .0401 1.257

10 5.2 .0405 1.095
11 5.0 .0248 .621
12 4.4 .0238 .460
13 3.7 .0292 .400
14 2.8 .0231 .181
15 2.4 .0227 .131
16 2.3 .0273 .144
17 2.1 .0230 .101
18 1.6 .0247 .063
19 1.3 .0196 .033
20 .9 .0074 .006
21 .8 .0014 .001
22 .6 .0003 .000+

Xmax

Total = F"IR 2 .V = 16.92

x= 0

RII = .Total =53.1

E. Predictions Based on the Analytical Cavity Model

By using the cavity model to generate cavity envelopes, the
corresponding RII's can be calculated just as they are for the
cavities obtained experimentally. There are two basic applications
for these theoretical calculations. The first is to supplement
sparse data for velocities in the nondeforming regime. This
application is practical only in cases where the drag coefficient
C in equation (4) can be closely estimated. Since variations
in design for the same bullet type could result in significantly
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different drag coefficients, it is difficult to use this technique
to replace data. On the other hand, the model calculations can beused to estimate bullet performance and indicate trends, From in-

formation already on file at the ReL, penetration versus time data,
striking velocity versus residual velocity data for projectiles
which excited the gelatin blocks, .ndstriking velocity versus
maximum penetration in gelatin, data have been used to estimate
"effective" drag coefficients based on equation (4) for various
bullet types. Table LXIII lists the drag coefficients evaluated
and the general bullet types for which they apply.

The cavity model was then used to generate RII versus
striking velocity for the cases listed in Table LXIV.

Figures 83 through 99 display the RII versus velocity curves
for the model along with data that are available for bullets having
similar caliber, mass, and drag coefficient. The data plotted on
these figures with the symbol "X" are not distinguished according
to manufacture. Consequently, a broad spectrum of bullet per-
formance with respect to yawing and deformation can occur on some
of these graphs.

In general, the model curves represent a lower limit to the
data. The higher data points are primarily the result of the pro-
jectiles presenting a larger area either initially because of
striking yaw or because of deformation occuring during the pene-
tration process. In some cases, the projectiles actually tumbled
in the gelatin. Early tumbling usually resulted in exceptionally
large RII's, but for the most part the ball rounds tumbled beyond
the depth at which the vulnerability index becomes zero. The cases
where the actual rounds may fall closer to or below the nontimbling,
nondeforming model curves fall into two categories. The first is
the high velocity case which results in bullet break-up. The
second is exemplified in Figure 100. This figure compares a .357,
158 grain, 372 m/s JSP round with the non-deforming, nontumbling
cavity contour generated by equation (8) for the same mass, caliber
and striking velocity. The figure shows that in this case the
bullet cavity is larger than the model cavity over about the first
7.5cm of penetration due to early bullet expansion. For the re-
mainder of the penetration the bullet cavity was lower than the
cavity computed for the nontumbling, nondeforming projectile. This
reversal in cavity radius is due to the fact that the actual bullet
was slowed down to a greater extent in the expansion state and that
after deformation the flat nose has became somewhat rounded making
the C lower. Depending on where these phenomena occur with respect

0
to peaks in the vulnerability index curve, various changes in the
RII's would be obtained.
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On examining the equations of the cavity model it can be seen
that the RII trends exhibited in Figures 83499 follow common sense.
The cavity model tells us that, at a given depth of penetratiomi, the
cavity envelope radius is a monotonic increasing function of pro-
jectile velocity, presented area, and drag coefficient. It is noted
that the only influence of projectile mass in the nondeforming case
is on how rapidly velocity is lost. This also supports the experi-
mental result that the .45 caliber bullet should be optimal.

F. Effect of Accuracy and Aim Point on Stopping Power

The stopping power criteria as developed in this report is
dependent not only on the type bullet and velocity used but also on
the accuracy of the shooter and the point on the body at which he is
aiming. Figures 101 through 104 show the effect of varying these
parameters. Figurelol shows what is intuitively obvious as the
engagement range increases stopping power decreases. Figure 102
shows the effect of changing the shooter accuracy. At a range of
6 meters, the Group B "shooter" is nearly twice as accurate as the
Group A "shooter". This results in an increase in stopping power
of about 18% for a 100% increase in accuracy. The effects of varying
the aim point from the standard silhouette target location are shown
in Figures 84 and 85. The aim point designated by "High" is that
shown in Figures 20 and 21; the "Low" point is the aim point shown
in Figures 11 and 14. These figures clearly show that improvements
in stopping powgr can be achieved by raising the aim point to the
high location. Comparison of the two figures also shows that the
higher aim point used in conjunction with the Group A "shooter" can
more than offset the increase in stopping power due to using the
more accurate Group B "shooter" with the lower aim point.

G. Comparison with other Techniques of Calculating RSP

When one views the methodology presented, the skeptic very
logically might observe all that has been presented is a numbers
game and bears no resemblance to reality because nowhere during the
whole study has a medical doctor been called upon to assess the
effects of a wound. The only advice sought from the medical
community was a relative ranking of individual computer tissue cells,
not classical wound assessment per se. The wounds and a measure of
their effects were created in the computer. This was intentional
because it was desired to formulate a criteria unbiased by a doctor'sr• preconceived notion of a typical wound or by wounds created by typical
projectiles. The final unanswered question concerning the overall
methodology is "just how does the RII or stopping power correlate
with the probability that an assailant would be rendered non-combatant?"
To answer this question, a panel of three medical assessors, not
associated with the University of Maryland Hospital, in conjunction
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with the University of Colorado, were asked to estimate the probability
of instant incapacitation for a series of 100 bullets evaluated in this

8
study. These assessors were:

(1) The Chief of the Biophysics Laboratory at

Edgewood Arsenal.

(2) The Assistant Medical Examiner for the County
of Santa Clara, California.

(3) The Chief Medical Examiner for King County,
Washington, formerly Chief of the Wound Ballistics
Section of the Armed Forces Institute of Pathology.

The mean response of these individuals is compared with the computer
generated RIu in Figure 105 and it can be seen that the RII does in
fact correlate properly with the probability of instant incapacitation.

A comparison was also made between RII and two other stopping power
theories: Energy deposit and Hatcher's formula. Figure 106 shows how
RII compares to energy deposit. It shows that a given level of R11 or
stopping power can be produced by different values of kinetic energy
deposit. That is, stopping power depends not only on whether energy
is deposited in the body or not but also on its spatial distribution
within the body, i.e., energy must be deposited where the vital organs
are most likely to be found.

Figure 107 compares prediction based on Hatcher's formula to RIT
or stopping power. As with energy deposit, Hatcher's formula could
only be judged a general indicator of probability of incapacitation
if the data for each of the bullet types all fell on one continuous
curve. Of the three criteria the RII is most consistent with medical
judgement.

H. Penetration/Ricochet Characteristics

The degree and cause of bullet breakup on ricochet emerged as the
most significant information obtained from the ricochet tests. Data
from the ricochet experiment, were sorted on the basis of all recorded
categories of information. Only the pairing of impact velocity and
degree of break-up produced significant information. The measured
residual velocity is always that of the fastest fragment leaving the
impact point and passing through the velocity screens. Forty-seven
percent of the ricochet cases tested (on non-penetrable targets)
failed to satisfactorily function the velocity screens on the ricochet

fHannond, K.R., et.al., "Report to the Denver City Council and Mayor

Regarding the Choice of Handgun Ammunition for the Police Department"
Institute of Behavioral Science, University of Colorado, March 1975.
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side of impact. Most velocity screens on the ricochet side of impact
indicated perforation by hundreds of minut2 particles (less that 0.5mm
in hole width). Figure 107 showi the results of sorting cases accord-
ing to those wit,. one to five or more then five fragments. Cases with
seriously dojibtful fragment counts were rejected. The mean striking
speed and its coefficient of variation were determin~ed for both groups.
Approximately 25 percent of the total cases had Crom une to ýfive
fragments. Almost 10 percent of the cases had from six to thirty,
fragments. The reamining 65 perceat of the caseg were questionable
data for one or more reasons. When the accepted cases were analyzedd,
the mean velocity and the coefficient of variation were obtained for
both break-up categories shown in Figure 108+

The conclusion which has been drawn from this result ,is that a
velocity exists above which one may expect bullets from handgunS to
break into many fragments. The evidence obtained in these experiments
is supportive of that expectation for impacts into concrete, macadam,
building block, brick, or heavy steel. The mean velocity at which
massive break-up occurred was 335 m/sec (1103 ft/sec) but, break-up
of large (maSsive) projectiles may still leave significant fragments.

In order co check this possibility, the ricochet data was
searched for fragments as large as or larger than the .22 Caliber H?
(39 grains). The results are shown in Figure 109. The samples for
impact angles of 300, 450, and 600 are divided into those with speeds
greater or less that 335 m/sec. From the figure it is clear that
striking vulocities less that 335 m/see hold the dominant numbe-r of
cases that produced massive fragments. This ,is signIficant because
more massive fragments bave higher ballistic efficiency and retain
lethal characteristics to greater ranges.

It is possible to characterize the range at Which a given pro-
jectile loses its capability to cause a serious wound. The hazard
criteria chosn for consideration of safety to bystanders was the
minimum velocity necessary to penetrate the skin. It was felt that
any fragment with sufficient mass and velocity to penetrate the 3kin
could also cause a serious wound. Using this criteria, the followirg
equation for use as a safety criteria was developed to calculate the
maximum tulerable velocity which a given mass fragment could have
after ricocLet or penetration:

-C.M.R
v f(KxM)+Ble

K M+ B
V Exp(-C.M'R)

v= velocity (mps) at point of ricochet such that fragments
become non-hazardous at a distance R
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where M a D ... .Ž.y"

m a fragment mass, grains

R . distance from point of ricochet or penetration
to a bystander, cm

p = density of fragment, gm/cc. (for lead core
p = 11, for copper jacket p = 8)

K 125

B = 22

C = 5.75 x 104

D) = 2.49

This equation is plotted in Figures 110 and 111 for four ranges;
3, 6, 12, and 50m. Except for the extremely small fragment masses
(less that a few grains), fragments moving at a velocity greater
than approximately 50 m/sec (164 ft/sec) pose a threat to safety
even out to ranges as far as 50m.

In the figures masses up to 150 grains are considered, but in real
events larger masses may be produced in ricochet. The calculations.
were produced without trajectory considerations and are based on the
hydrodynamic drag law. Notice that at the close range, acceptablc
ricochet speeds are too low to be achieved in practical handgun
rounds. On the other hand, the ricochet speeds for fifty meter
cleared areas are within the achievable regime, particularly if
bullets break into fragments of less than five grains each.

Specially designed ammunition tested in ricochet showed that it
is possible to design bullets with substantially reduced risk in
ricochet events (e.g., the Safety Slug). On the other hand, certain
rounds are particularly hazardous due to ricochet (e.g., KTW bullet
and other metal piercnJig bullets).

One characteristic noted in the ricochet tests should be used
in guiding future anti-ricochet designs. Bullets of jacketed design
almost always separate the jacket from the lead core in ,icochet off
any hard materials. Here, hard material means almost any material
not penetrated. Data shows, for instance, that if the lead core
is replaced by swagged chilled shot (say number nine as with the
Safety Slug) that a fairly good hardball round with less severe
ricochet characteristics is obtained. Beyond 12 meters, these
fragments become "safe".
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Severaý flash x-ray films recor4ed during ricochet/peiie 'tý,avion
te.,ts are shown in F~gurest 112-118. as The ireader should obseivo
tha~t, veri so insignifi~cqnt resi,-tance as1/8 inch glass is sufficient
to ':ause ~jeckot separiti~on from the core of the bullei. shown. From
three to fivdexepooures arz3 Wae on eachv tilm.' The expnsuren are fqr
short duration and in ra~pid gequoence showing the progrest'of tire pro-ý
4,ecti'le at 'several times, The lateral displacement of the bullets is,
due ro thle x-vay tubes 'teing placed gide-by-side thus, genera~ting
parallax.

One x-ray is the boadeye Associates Safety Slug penetrating,
1/4 inch lwiiinat~ed glass 'at 6M' m/,sec. Fronm this test sequence it
is cleAr that even in penetration, this pr~ije'ctile will break-up
drana~ticall~y.

The iss~ue of unintenried wound4,ng does not stop with ricochet.
Powe-rfuil handguns are quite capable of penetrating urban housing
structures, irterior walls of office )L~ildings, glass windows,
roofs, floorc., automobiles, and~ just about anything else with

2 2-iensities of less that 15 kg/rn (1c lbs/ 'ft ).It is true of course,
that certain combinations of materials wiY1 stop a bullet 'with much

2less that 15 kg/m . But, consider the penetration capability of tl~e
.41 Magnum. A 220 srain bullet firpl' at about the speed of sound
from a four-inch barrel .41 Magnum will pene'rrate about 800 milli-
meters (30 inches) of tissue simulant. That is eqitivalent to five
people! Even'so, the same bullet will riot penetrate even 6.35mm
(0.25 inch) of'rolled ho~mogeneous armor.

All haniguns tested in calibers .38 and'up will penetrate at
least some part of an auto body. No standard automobile doors
would stop any of th6 magn~ui handgup proj ecti les at short range.
On the other hand, mnodern lightweight arlrlors are available that
could be used covertly to make the occupants of a car safe from
handguin attack.

*Despite the mytholcgy to the contrary, magnum handguns will not
penetrate an entire V-8 rotor block. In fact, instant~neous motor
stoppage due to attach by handgun is a very lowi probability event.
Radiators, carburetors, and, control linkages are all very vulnerahle,
but all take a finite time to cause engine failure.

One must z:onclude then that the specifies of penetration of
handgun ammunition has enough variation that no rule-of-thumb shouild
be trusted when htunan life is at stake but the above table, Table
LXV, may be used as a guide to expectations.
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Comparison of handgun amimuni~tion performanco with the effects of
military ordnance against unarmered vdhitles In-U4icteA t~ha the only
significant chance of instantaneous~ stoppaye of ar 4,utcemobilt is by
hitting the driver. Hits on fuel tank, r~diator, or tires will pro-
vide stops after a certain period1 of time (ranging from 30 seconts
to,30 minutes). Fuel tank fixes are iiot easy to ignite with pistol,k bullets.

Most rounds fired in a suburban or an Urban etvil'onment will
ricochet if they do not hit 'thoir intended target. Bluilding material
genarally wili not be penetrated, especially in the rounds whichK strike paving, sidewalk, concrete block or major structures. Wall-
-board and sidings in residenttal areas will generally be penetrated.
Glass used in most shop and housing applicationsi will M; penetrated.
As a consequence, there is considerable merit to using ammunition
which results ir, bullet'break-up Prior~to Ticochet. When a bullet
breaks up of impact prior to ricochet there are three advdntages-
(1) energy is dissipated in the break-up pror-ess; (2) the reduced
mass of each fragment lowers i.ts lethal Potential; (3) the drag -to
mass ratio of each fragment is greater ,than that of &A Intact bullet,
reducing the range required to slow down the fragment to non-lethal
levels,

Obviously the reduction of the fragment mvass to the lowest,
possible size on impact depends on the break-up process. In the
tests conducted for the ricochet study the puire lead, large caliber,ý
heavy bullet at low velocities was the most lethal on ricochet.
The 246-grain, .44 Special at 640 feet per second consistently de-
livered a ricochet of about 237-grairs at 400 to 500 feet peý second
on ricochet. This is to be compared with bu),lets which consistently
break into smaller fragments m~oving at lower speeds.

However, the likelihood that all officers will be equipped with
.357 Magnums with ammunition and barrel lengths that can achieve 31S
rn/se.- with a 158-grain bullet must be ý.ornpared witiX the mass of
officers who carry .38 Special'A in four inch or shorter barrels. It
seems clear that a dcsign for ammunition. to cantrol ricochet in four
inch barreled .38 Specials is desired. Characteristics required are:
(1') stopping power at combat, ranges; (2) accutracy at combat ranges;
(3) tissue penetration up to 15cm; (4~) immediate break-up on ricochet;
(S) fragment break-up to less than onec grain each; (6) retardation
in air for fragments 7uch that they be'come non-lethal within a few
feet; and (17) an aggiegate wounding capability that is near zero
within a few feet after ricochet.
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VII. CONCLUSIONS

A. Bullet Velocity

In the range o)f calibers studied, the most important property
of a moving handgun bullet affecting its performance in the target
medium is its velocity. There are several reasons for this con-
clusion.,

1. The size of the Maximum Temporary Cavity (MTC) depends

partly on the striking kinetic energy, 1/2 myv 2, i.e., the volume

of the MTC depends on the total energy a:vailable.

2. There is a threshold velocity, below which a bullet will
not deform; deformation of the bullet greatly affects the size and
"shape of the MTC.

It should be stressed, however, that one cannot use the striking
kinetic energy as the sole criterion for ranking handgun bullets. Tt

is the size and shape of the resulting MTC and how it overlaps vi,,,.
organs that ultimately gives one bullet a higher relative incapaci-
tation index (RII) than another. Some lighter bullets yield a
higher RII than heavier ones having the same striking kinetic energy,
shape, construction and caliber. From both ricochet considerations
and stopping power considerations, a velocity of approximately 335
im/sec (1100 ft/sec) is most effective. At this velocity, the bullets
expand sufficiently in soft tissue to provide sufficient stopping
power. Additionally, at this and higher velocities, the bullets tend
to break-up into smaller fragments on ricochet, thus reducing the
hazard to innocent bystanders.

B. Caliber

The caliber of a bullet, together with its shape, establish the
initial value of its area function, A(O). It is this area of the
interface between the bullet and the target medium that enters the
formula for the envelope of the MTC" the sectional area of the bullet
(proportional to the caliber squared) cannot be used once the bullet
begins to deform. Thus, a larger caliber bullet will yield a higher
RII at non-deforming velocities; once defcrmation is possible, smaller
caliber bullets may out-perform larger calibers. The .45 caliber
bullet offers the greatest growth potential of the calibers tested.
This is not surprising since the initial area function of the .45
caliber bullet is as large as some of the deformed small caliber
bullets final, area function. Re-design of the .45 caliber bullet
similar to the smaller revolver bullets to enhance deformation will
result in these bullets out-performing the smaller calibers.
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C. Bullet Mass

The mass of the bullet affects the size and shape of the MTC.
A lighter bullet will slow down more rapidly in the target medium
and a heavier bullet will penetrate further; this affects the location
of the maximum radius of the MTC. Again, it is the location of the
temporary cavity with respect to that of vital organs that produces
varying degrees of incapacitation. The data show that optimal bullet
mass is in the range of 1S8-170 grains. Combined with conclusion
A and B, this mass range bullet in .45 caliber would produce an
optimal bullet.

D. Bullet Shape

The effect of bullet shape (bluntness of the nose) is important
only in that it establishes the initial value of the hydrodynamic
drag coefficient, C p(0). This coefficient enters the formula for the

envelope of the MTC and it is also a part of the formula for the
threshold deformation velocity. At velocities too low for defor-
mation to occur, CD is a constant and the effect is that blunter

bullets (larger CD) yield higher values of RII. The wadcutter (WC)
has the largest value of CD.

At velocities sufficient to cause deformation of the bullet,
C changes as the bullet deforms. Bullets with smaller initial
D

values of C can deform in such a way as to out-perform those with
Da higher initial CD.

E. Deformation and Bullet Construction

Deformation of a handgun bullet depends strongly on both velocity
and construction. Construction involves principally whether the bullet
is jacketed or not, the length, thickness and hardness of the jacket
material, the presence of hollow noses, cavities or hollow bases and
the hardness of the lead. Construction also directly affects frag-
mentation of the bullet in both hard and soft targets. The ranking
of bullet type in order of decreasing RII, is:

a. Lead hollow point (LHP)

b. Jacketed hollow point (JHP)

c. Semi-wadcutter (SWC)

d. Wadcutter (WC)

e. Jacketed soft point (JSP)
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f. Lead round nose (LRN)

g. Full metal jacketed (FMJ)

The low velocity performance of the wadcutter has been discussed
under bullet shape. With the exception of the full-metal-jacketed
bullet, the onset of deformation occurs at a given velocity for each
bullet construction type (a through f); i.e., a hollow-point bullet
will begin deforming at a velocity above 215 meters 4705 feet) per
second and a lead round nose at a velocity above 340 meters (1115
feet) per second. Unless the bullet's muzzle velocity exceeds this
threshold value, bullet deformation is highly unlikely. Note that
these threshold velocities were obtained by flast x-ray photography;
they cannot be obtained by an inspection of the RII vs. velocity
figures, although they are consistent with the curves shown there.

F. Shooter Accuracy

The relative incapacitation index increases as shooter accuracy
increases and accuracy increases as the engagement range decreases.
However, the effect of handgun type/cartridge combinations on shooter
accuracy has not been systematically addressed in this study; it is
the subject of possible future work.

G. Point of Aim

The relative incapacitation index is dependent on the aim point
chosen by the officer. Assuming a given degree of shooter accuracy,
the data indicate that an aim point slightly higher (armpit level)
than that used on standard silhouette targets increases stopping
power.

H. Hazard to Bystanders

A hazard to innocent bystanders can ,ccur if the officer misses
his target or if the bullet overpenetrates the target and exists with
sufficient velocity to inflict a wound. With regard to the latter,
overpenetration can occur if the bullet velocity is too low (absence
of deformation) or if it is too high. Overpenetration can be avoided
by specifying an acceptable range for bullet muzzle velocity.

VIII. RECOMMENDATIONS

The current study on handgun effectiveness has shown the ad-
vantage of a systems approach to the stopping power question inte-
grating such factors as aim point, shooter error, bullet mass, velocity,
construction, shape and caliber into the final assessment. Yet does this

. study answer all of the questions? For example, it was shown that the
ability to place a well aimed shot can increase the stopping power of
any bullet, yet there was no effort alloted in this study to investigate
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the range of typical aiming errors found throughout the law enforce-
ment community. With the availability of this information, community
leaders would be more able to make a trade-off decision between the
expense of added training and the use of more powerful ammunition.

Another factor not addressed was the effect of recoil. As the
power, recoil energy, muzzle flash and noise increase, accuracy of rte
shooter from shot to shot decreases. At this time, insufficient datL
exists to address this question. It was necessary for this phase of
the study to assume that the effects of these factors were constant
for all handguns. However, it may well be that, independent of
training, these factors would make the more powerful handguns less
effective than their less powerful counterparts. Again, the in-
clusion of this information would allow for additional trade-off
studies.

It has been shown that for a given velocity, the larger caliber
bullets have greater stopping power than their small caliber counter-
parts. It was also shown that the large caliber bullets, such as
the .45 caliber bullet, need not be as massive and yet still retain
its stopping power. Masses on the order of 158-170 grains are
sufficient. This would indicate that a relatively short large
caliber round could be manufactured not weighing much more than
a 158-grain .357 magnum cartridge. Additionally, if this cartridge
were manufactured, it would be possible to produce a .45 caliber
revolver design specifically for this cartridge and not just a
modification of an existing "heavy" revolver. The resulting compact-
ness of this new weapon in a large caliber would have the following
"desirable characteristics:

1. Increased stopping power with a large caliber
lightweight cartridge.

2. Relative compactness of the weapon due to short
cartridge length;

3. Because muzzle velocities and recoil energies would
not be as great as many other weapons, there would be a resultant
increase in accuracy and controlability from shot to shot.

4. A new weapon cartridge system could be restricted
to only law enforcement agencies.

The feasibility of producing a cartridge/weapon of this type
to take advantage of these desirable characteristics should be
investigated.
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Figure 2. Sketch of the Computer Man
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Figure 4. Sketch of Tissue Response to Bullet Penetration.
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Figure S. Comparison of Measured Maximum Temporary Cavity
(MTC) Formed in Animal Tissue and a Momentum
Transfer Model Prediction.

65



U. r

0 x

x .4 q r

C44

"0~

0.0.$U.0

00r

X

0 -3
04 to N n Vx

snovkiw

66o~



*.20 20

X11 RELATIVE INCAPACITATION INDEX (RhI) 6

a = J~~V, - tRc -d
.12-1

I.-

<.08VULNERABILITY INDEX (VI)

CAVITY RADIUS (RC)

.00

0612 18 24 30
PENETRATION DEPTH (cm)
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F~igure 9. Aiming Error as a Function of Engagement Range.
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Figure 13. Group B Hit Distribution Superimposed on a Computer Man
Silhouette at 3.0 Meter Range.
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Figure 14. Group B Hit Distribution Superimposed on a Computer Man
Silhouette at 6.0 Meter Range.
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Figure 17. Vulnerability Index For Handguns at a Range of 6
Meters For The Group A Hit Distribution.
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Figure 19. Vulnerability Index For Handguns at a Range of 6
Meters For The Group B Hit Distribution.
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Figure 22. Vulnerability Index For Handguns at a Range of 6 Meters
For the Group A Hit Distribution Using a High Aim Point.
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Figure 24. Relative Incapacitation Index For 90 Grain,
Caliber .353, JSP, JFP Bullets.
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Figure 25. Relative Incapacitation Index For 100 Grain,
Caliber .353, FJ Bullets.
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Figure 26, Relative Incapacitation Index For 100 Grain,
Caliber .353, PP Bullets.
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Figure 27. Relative Incapacitation Index For 100 Grain,
Caliber .353, JSP, JFP Bullets.
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Figure 28. Relative Incapacitation Index For 100 Grain,
Caliber .353, JHP, JIIC Bullets.
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Figure 29. Relative Incapacitatioi, Index For 11S Grain,

Caliber .IS3, FJ Bullets.
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Figure 30. Relative Incapacitation Index For 115 Grain,
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Figure 31. Relative Incapacitation Index For 115 Gruin, S
Caliber .353, JHP, JHC Bullets.
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Figure 32. Relative Incapacitation Index For 124 Grain,
Caliber .353, FJ Bullets.
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Figure 33. Relative Incapacitation Index For 125 Grain,
Caliber .353, RN Bullets.
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Figure 34. Relative Incapacitation Index For 125 Grain,
Caliber .353, JSP Bullets.
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Figure 35. Relative Incapaci:tation Index For 90 Grain,
Caliber .357, JSP, JFP Bullets.
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Figure 36. Relative Incapacitation Index For 90 Grain,
Caliber .35P, HEMIJSP Bullets.
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Figure 37. Relative Incapacitation Index For 90 Grain,
Caliber .3S7, MP Bullets.
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Figure 38. Relative Incapacitation Index For 95 Grain,

Caliber .357, JHP Bullets.
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Figure 39. Relative Incapacitation Index For 100 Grain,
Caliber .357, JHP, JHC Bullets.
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Figure 40. Relative Incapacitation Index For 110 Grain,

Caliber .357, JSP Bullets.
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Figure 41. Relative Incapacitation Index For 110 Grain,

Caliber .357, JHP, JHC Bullets.
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Figure 42. Relative Incapacitation Index For 125 Grain,
Caliber .357, JSP, JFP Bullets.
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Figure 43. Relative Incapacitation Index For 12S Grain,
Caliber .357, JHP, JHC Bullets.
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Figure 44. Relative Incapacitation Index For 140 Grain,
Caliber .357, JHP Bullets.
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Figure 4S. Relative Incapacitation Index For 146 Grain,

Caliber .3S7, JHP Bullets.
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Figure 46. Relative incapacitation Index For 148 Grain,I
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Figure 48. Relative Incapacitation Index For 150 Grain,
Caliber .357, JSP, JFP Bullets.
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Figure 49. Relative Incapacitation Index For 150 Grain,
Caliber .357, JHP, JHC Bullets.
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Figure 50. Relative Incapacitation Index For 158 Grain,
Caliber .357, L, LRN, RN Bullets.
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Figure 51. Relative Incapacitation Index For 158 Grain,
Caliber .357, SWC Bullets.
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Figure 52. Relative Incapacitation Index For 158 Grain,
Caliber .357, LHP Bullets.
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Figure 53. Relative Incapacitation Index For 158 Grain,
Caliber .357, JSP, JFP Bullets.
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Figure 54. Relative Incapacitation Index For 158 Grain,
Caliber .357, JHP, JHC Bullets.
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Figure 56. Relative Incapacitation Index For 185 Grain,
Caliber .357, JHP Bullets. d
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Figure 57. Relative Incapacitation Index For 200 Grain,

Caliber .357, L Bullets.
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Figure 58. Relative Incapacitation Index For ALL Grain,
Caliber .357, SS Bullets.
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Figure 59. Relative Incapacitation Index For ALL Grain,
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Figure 61. Relative Incapacitation Index For 200 Grain,
Caliber .410, JHP Bullets.
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Figure 62. Relative Incapacitation Index For 210 Grain,
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Figure 63. Relative Incapacitation Index For 210 Grain,

Caliber .410, JSP Bullets.
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Figure 64. Relative Incapacitation Index For 210 Grain,
Caliber .410, JHP, JHC Bullets.
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Figure 65. Relative Incapacitation Index For 220 Grain,
Caliber .410, JSP Bullets.
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Figure 66. Relative Incapacitation Index For 180 Grain,
Caliber .429, JSP Bullets.
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Figure 68. Relative Incapacitation Index For 200 Grain,
Caliber .429, JHP Bullets.
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Caliber .429, JHP Bullets.
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Figure 70. Relative Incapacitation Index For 240 Grain,
Caliber .429, SWC Bullets.
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jFigure 71. Relative Incapacitation Index For 240 Grain,
Caliber .429, JSP Bullets.
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Figure 72. Relative Incapacitation Index For 240 Grain,
Caliber .429, JHP Bullets.
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Figure 73. Relative Incapacitation Index For 170 Grain,P Caliber .450, HEMl.JHP Bullets.
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Figure 74. Relative Incapacitation Index For 185 Grain,
Cali.ber .45, JHP Bullets.
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Figure 75. Relative Incapacitation Index For 185 Grain,
Caliber .450, WC Bullets.
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Figure 76, Relative Incapaicitation Index For 200 Grain,
Caliber .4S0, SWC Bullets.
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Figure 77. Relative Incapacitation Index r0o 200 Grajb',
Caliber .450, JHP Bullets.
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Figure 78. Relative Incapacitation Index For 225 Grain,

Caliber .450, JHP Bullets.
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Figure 79. Relative Incapacitation Index For 230 Grain,

Caliber .450, FJ, FMJ Bullets.
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Figure 80. Relative Incapacitation Index For 230 Grain,

Calibe.r .450, MC Bullets.
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Figure 81. Relative Incapacitation Index For 250 Grain,

Caliber .450, SWC Bullets.
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Figure 82. Relative Incapacitation Index For 255 Grain,
Caliber .450, L, LRN, RN Bullets.
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Fig Ie 83. Relative Incapacitation Index Computer
Prediction For Lead Spheres.
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Figure 84. Relative tncapacitation Index Computer Predictions of a
.357 Caliber Bullet With CD a.30 and Mass - 110 grains.

(Data points are 9mm, 11S and 100 grain FJ bullets.)
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Figure 85. Relative Incapacitation Index Computer Predictions

For .357 Caliber Bullets With CD = .30.
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Figure 86. Relative Incapacitation Index Computer Predictions
For .357 Caliber Bullets With CD ' .30 and Mass =

110 Grains. (Data are .357, 90 grain Hemi-JSP
bullets.)
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Figure 87. Relative Incapacitation Index Compute: Predictions
For a .357 Calibe•r Bullet:s With CD = .37 and Mass a
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Figure 38. Relative Incapacitation Index Computor Predictions
For a .357 Caliber Bullets With CD - .37 and Mass a

158 Grains. (Data are .357, 158 grain LRN bullets.)
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Figure 89. Relative incapacitation Index Computer Predictions

For a .357 Caliber Bullets With CD .45 and Massu
110 Grains.
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Figure 90. Relative Incapacitation Index Computer Predictions
For a .357 Caliber Bullets With I'D w .45 and Mass -

125 Grains. (Data are .357, 125 grain JSP bullets.)
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Figure 91. Relative Incapacitation Index Computer Predictions

ror a .357 Caliber Bullets With CD = .45 and Mass =

158 grains. (Data are .357, 158 grain JSP bullets.)
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Figure 92. Relative Incapacitation Index Computer Predictions
For a .357 Caliber Bullets With CD 1.20..
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Figure 93. Relative Incapacitation Index Computer Predictions
For a .357 Caliber Bullets With CD .45 and Mass=

158 grains, (Data are .357, 148 grain WC bullets.)
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Figure 94. Relative Incapacitation Index Computer Predictions
For a .45 Caliber 'Bullets' With C. .30.
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Figure 95. Relative Incapacitation Index Computer Predictions
For a .45 Caliber Bullet With CD = .45 and Mass =

230 Grains. (Data are .45, 230 grain bullets.)
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Figure 96. Relative Incapacitation Index Computer Predictions
For a .45 Caliber Bullet With CD =.37.
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Figure 97. Relative Incapacitation Index Computer Predictions
For a .45 Caliber Bullet With C0  .37 and Mass

230 Grains. (Data are .45, 255 grain LRN bullets.)
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Figure 98. Relative Incapacitation Index Comiputer Predictions

k For a .45 Caliber Bullet With C0  .45.
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Figure 99. Relative Incapacitation Index Computer Predictions
For a .45 Caliber Bullet With CD -1.20.

U X MEASURED CAVITY CONTOUR
'12

-MODEL GENERATED CAVITY CONTOUR

X X ~XWO)OXXXX>cXXXXXXXXX

U Il*iI III

0612 18 24 30
PENETRATION DEPTH (cm)

Figure 100. Comparison of a Measured Cavity Contour For a .357,
158 Grain JSP Bullet at 372 m/s velocity and Model
Generated Cavity Contour for a Similar Non-Deforming
Bullet.
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Figure 101. Effect of Engagement Range on the Relative
Incapacitation Index.
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Figure 102. Effect o~f Shooter Accuracy on Relative Incapacitation
Index. (Good Group B shooters; Average Group A
shooters.)
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Figue 103. Effect of Aim Point on RAatlve Incapacitation index. (Gr~op 9 Shooters,'
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Figue 104. Effect of Aim Point on Relative Incapacitation Index. (Group B Shooters.)
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Figue 105. Relationship Between Probability of Instant Incapacitation and Relative
Incapacitation Index.
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Figure 107. Relationship Between Hatcher's Formula and
Relative Incapacitation Index.
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Figure 108. Histogr'am of Bullet Fragrentation on Ricochet.
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TAO LE I

Sodov's Ricochet Parameoters

PARAMETER DESCRIPTIMi4

tVcos e non-dimensional tile
C

cote ratio of normal to tange.ntia.l
Velocity components

e angle of incidence at impact

cW non-dimensional angular velocity
Vcose at iwpact

, location of projectile center o.C

vnon-dimensional pitch plane ! •ment

ii ii [PC5 of inertia

3 non-dimensional projectile mass
PC

,2F external force coefficient

PC V cos2e

SVcose the hydrodynamic Froude number

!! veo2ec Reynolds number

c projectile diameter
t = time after impact
V = impact speed
e = impact angle
W = angular velocity

Y g1Y C = coordinates of center of gravity

Ji = polar mass moment of inertia
p = mass density of water

F = external force
g = gravitational constant
p = viscosity coefficient for water
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TABLE II. Sample Scan Output

SCAN 0 C KO * 95155 ) covering round numbers 6 to 335 with:

ALL MANUFACTURERS
CONSTRUCTION CODES RN WC JSP LRN
MASSES (grains) - 148 to 158
CALIBERS - .357
STRIKING VELOCITIES (f/s) - 800 to 1400

RND. No. ID MASS(grains) CALIBER VS(f/s)

78 S+W,WC,.38SPEC 147.9 .357 820
80 S+WLRN,.38SPEC 157.9 .357 869
81 S+W,JSP,.38SPEC 157.9 .357 1040
105 S+W,JSP,.357MAG 157.9 .357 1220
110 S+W,JSP.,357MAG 157.9 .357 1076
111 S+W,JSP.,357MAG 157.9 .357 1043
112 S+WJSP,.357MAG 157.9 .357 954
188 SIERRA,JSP 157.9 .357 1128
189 SIERRA,JSP 157.9 .357 1263
190 SIERRAJSP 157.9 .357 967
191 SIERRA,JSP 157.9 .357 853
200 SIERRA,JSP 157.9 .357 1154
201 SIERRA,JSP 157.9 .357 1299
262 HI-PRECISION,JSP 157.9 .357 1269
263 HI-PRECISION,JSP 157.9 .357 1125
267 HI-PRECISION,JSP 157.9 .357 1243

268 HI-PRECISION,JSP 157.9 .357 1092
289 W-W,JSP,.357MAG 150 .357 1289
301 W-W,LRN,.38SPEC 150 .357 928
302 W.W,LRN,.38SPEC 150 .357 1138
303 W-WLRN,.38SPEC 150 .357 1259
304 W-W,LRN,.38SPEC 157.9 .357 944
305 W-W,LRN,.38SPEC 157.9 .357 1089
306 W-V',LRN,.38SPEC 157o9 .357 1250
311 W-W,RN,.38SPEC 157.9 .357 997
312 W-W,RN,.38SPEC 157.9 .357 1099
313 W-W,RN,.38SPEC 157.9 .357 1236
314 W-WDWC,.38SPEC 147.9 .357 869
315 W-WWC,.38SPEC 147.9 .357 1046
317 W-WJSP,.38SPEC 157.9 .357 1282
318 W-W,JSP,.38SPEC 157.9 .357 1141
319 W-WJSP,.38SPEC 157.9 .357 987

32 rounds satisfy SCAN CODE 0

r 134
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f TABLE III. Vulnerability Index Parameters

Range (meters) Hit Distribution

3 Group A (standard aim point)

6 Group A ( " " " )
12 Group A ( " " " )

" - 6 GroupeC " " B)
5 6 Group A (high aim point)

6 GroupB( " " " )
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TABLE IV

SCAN 82 (KO= 71948 ) coverlnq round numbers 6 to 917 with:

Al1 tiANI)FACTURERS
CONSTRUCTION CODES JSP JFP
MASSES (grains) - q0
CALIRERS - .353 to .355
STRIKING VELOCITIES (f/s) - All

4 rounds satisfy SCAN CODE 8P

RND. qO. in tiASS(GR) DIAMI.(IN) VS(F/S) Rif

135 S+W,J SP,9M 14 90.0 0.353 1558 31.50
136 S+W,J SP,9gj ti 90.0 0.353 1371 19.2q
137 S+WA SP,9M ti 90.0 0.353 1076 6.67
139 S+W,J SP,91r 11 90.0 0.153 843 3.91

An-3.20687575804
BR 3.84511448E-01
CO 1105.rt378939 I

MANIJFACTURER AVG nEV t,). PTS. % PTS.POS.

S+ -0.04 4 50.00

(See also Figure 24)
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TABLE V

SCAN 86 (KO= 71251 ) covering round numbers 6 to 917 with:

Al 1 MANUFACTURERS
CONSTRUCTION CODES FJ
MASSES (grains) - 0O
CALIBERS - ,353 to .355
STRIKING VELOCTTIS (f/s) - All

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) R11

73 S+W,F J,9M4M 100.0.. 0.353 1646 29.99

A=-9.14450233E-03
B= 2.37736550E-03
C=-670.723217681

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

S+ -3.09 1 0.00

(See also Figure 25)

[
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TABLE VI

SCAN 63 ( KM- 71773 ) covering routnd numbers 6 to 917 with:

Al 1 MANUFACTURERS
CONSTRUCTION CODES PP
MASSES (.grains) - 100
CAL.IBERS - .353 to .155STRIKING VELOCITIES (f/s) - All

5 rounds satisfy SCAN CIODE 63

RND. NO. In rMASS(GR) DIAM.(IN) VS(F/S) RUI

60 W-W,P P, 91m 100.0 0.353 1568 48.79
61 W-W,P P,9MM 100.0 0.153 708 3,50
62 W-WP P,4!11t 100.0 0.353 977 7.12
63 W-W,P P,9t¶M 100.0 0.353 1154 10.43
64 W-WP P,9Mm 100.0 0.353 1348 31.40

An-1.084359160868
R= 4.10145406E-03
C- 1005.06277529

MA!WIFACT;JRER AIM rEV MO. PTS. % PTS.POS.

W- -0.00 5 6n.O0

(See also Figure 26)
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TABLE VI1

SCAN 835 ( KO- 71968 ) covering round numbers 6 to 917 with:

All 1A4iUFACTUREPS
CONSTRUCTION CODES liSP JFP
MASSES (grains) - 100
CALIBERS - .353 to .355
STRIKING VELOCITIES (f/s) -All

RND. NO. ID 14ASS(GR) DIAM.(IN) VS(F/S) RI1

72 S+WJ SP,9M M 100.0 0.353 1519 39,98

A=-3.52531725E-03
B- 2.74871135E-03
C=-684.0920454629

MANUFACTURER AVG nEV 11O. PYS. % PTS.POS.

S+ -1.33 1 n.no

(See also Figure 27)
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TABLE VIII

SCAN 8 (Kfl 71911 ) cevering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP JHC
MASSES (grains) - 100
"CALIBERS - .353 to .355
STRIKING VELOCITIES (f/s) - All

11 rounds satizfy SCAN CODE 8

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) R11

75 S+WJ IIP$9M It 100.0 n.353 1512 44.18
131 S+WpJ HP,0r9 H 100.0 0.353 1377 27.17
132 S+WJ IIP,9M M 100.0 0.353 1099 '5.11
133 S+W,J 14P,9M M 100.0 0.353 A36 3.57
134 S+W,J !IP,9M 11 100.0 0.353 600 1.27
490 SPEER* JHP,9M M 100.0 0,353 1440 44.P2
491 SPEER l JHPqqN fl 100.0 0.3503 1486 36.45
492 SPEER, JIIP,qM 100o.0 0.353 1246 32.06
493 SPEER, JHP,9M ti 100.0 0.353 1210 29.19
494 SPEER, ,HP,9M M 100.0 0.353 974 15.86
495 SPEER$ JHP,9M M 100.0 0.353 875 7.27

Am 5.638407692003
B- 2.76390508E,-04
Co-3411.507895403

MANUFACTURER AVG DEV NO. PTS. % PTS.POS,

S+ -2.44 .5 20.O0
SP +2.71 6 66.66

(See also Figure 28)
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TABLE IX

SCAN 87 C KO- 71081 ) covering round numbers 6 to 917 with:
All MANUFACTURERS
CONSTRUCTION CODES FJ
MASSES (grains) - 115
CALIBERS - .353
STRIKING VELOCITIES (f/s) - All I

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

74 S+WF J,9MM 115.0 0.353 1325 18.75

A-'2.44586917E-03
B: 2.72627309E-03
Cu-831.5696403531

MANUFACTURER AVG BEV NO. PTS. % PTS.POS.

S+ -1.00 1 0.00

(see also Figure 29)
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TABLE X

SCAN 64 ( KO- 71303 ) covering round numbers 6 to 917 with:
All MANUFACTURERS
CONSTRUCTION CODES PP
MASSES (grAins) - 115
CALIBERS - .353 to .355
STRIKING VELOCITIES (f/s) - All

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII
65 W-WP P,9MM 115.0 0.353 1371 12.56

A--'i.16236775E-02
B= 2.17941033E-03
Ca- 359.9430776993

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

W- -2.53 1 0.00

(See also Figure 30)
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TABLE XI

SCAN 83 (KO" 71941 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP JHC
MASSES (grains) - 115
CALIBERS - .353 to .355
STRIKING VELOCITIES (fls) - All

11 rounds satisfy SCAN CODE 83

RND. NO. In 14ASS(AR) DIAM,(IN) VS(F/S) RI

76 S+WJ HP,9M 1 115.0 0.353 1400 41.36
127 S+WJ HP99M M 115.0 0.353 1253 22.33
128 S+W,J,] HP,9M M 115.0 0.353 1069 13.63
129 S+W,J IIP,gM M 115.0 0.353 862 4.42
130 S+WJ IIP,9M M 115.0 0.353 511 1.49
874 REM,JH P 9MM 115.0 0.353 1417 45.25
875 REM1,JH P 9MM 115.0 0.353 1286 37.62
876 REM,JH P,9MM 115.0 0.353 1263 NO X 37.83
877 REII,JH P*91M 115.0 0.353 1181 37.81
878 REf¶,JH PsMM 115.0 0.353 1010 15.41
879 REMJH P,9MM 115.0 0.353 856 8.33

Am .441116438577
B- 2.86405759E-03
C--797.6466613514

MANUFACTURER AVG DEV 1O. PTS. % PTS.POS.

S+ -3..92 5 20.00
RE +3.q8 61.33

(See also Figure 31)
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TABLE XII

SCA1I 107 ( KO, 71.99 ) covering round numbers R57 to 917 with:

All 14ANUFICTURERS
CONSTRUCTION CODES F,
MASSES (grains) - 124
CALIBERS - .353 to .355
STRIKING VELOCITIES (f/s) All

RND. NO. I MASS(GR) DIAM.(IN) VS(F/S) R11

880 RE1,FJ ,9MM 123.9 0.353 1394 31.42
881 REMFJ ,914M 123.9 0,353 1335 31.42
832 REM,F,] ,9,4M 123.9 0.353 1217 18.61
833 REMFJ ,9MM 123.9 0.353 1161 14.82

A- I.36,966961 E-03
Be 3.03046062E-03
C--964.1634308413

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

RE +0.32 4 75.00

(See also Figure 32)
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TABLE XIII

SCAN 103 (K)- 71321 ) covering round numbers 490 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES RN
MASSES (grains) - 125
CALIBERS - .353 to .355
STRIKING VELOCITIES (f/s) - All

RWD, NO. In MASS(GR) DIAM.(IN) VS(F/S) RII

497 SPEER, RN,qMM 125.n n.353 1371 24.33

A,-5.36144609E-03
IB- 2.71962101E-03
C--61. 291409314

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP -2.10 1 0.00

(See also Figure 33)
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TABLE XIV

SCAN 102 (Kn(0 71563, ) covering round numbers 480 to 917 with:

Al 1 MANIIFACTIIRERS
CONSTRUCTION CODES lSP
MASSES (grains) - 125
CALIPERS - .353 to .355
STRIKING VELOCITIE• (f/s) ,. All

6 rounds satisfy SCAN CODE 102

RNI). NO. in IIASS(GR) DIA?4.(1N) VS(F/S) RII

485 SPEER, JSP,9M M 125.0 0.353 1351 59.44
486 SPEER9 JSP09M 11 125.0 0.153 1269 27.34
487 SPEER, ,1SP,9M M 125.0 0.353 1263 27.81
48h SPEER, ,1SP,9M ri 125.0 0.153 1128 14.91
489 SPEER, JSPo9M M 125,0 0.353 1069 10.06
496 SPEER, JSP,9M M, 125.0 0.353 875 7.17

A=-22.16397211567
Bm 1.34179180E-0O
C- 10851.68361002

MANUFACTURER AVG 0EV NO. PTS. % PTS.POS.

SP +0.23 6 33.33

(See also Figure 34)
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TABLE XV

SCAN 26 (Me0 72548 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JSP JFP
14ASSES (grains) - 90
CALIBERS - .357
STRIKING VELOCITIES (W/s) - All

RND. NO. ID 14ASS(GR) DIAM.(IN) VS(F/S) RII

77 S+WJ SP,.3 8SPEC 90.0 0.357 1348 22.74
138 S'4WJ SP,9M M 90.0 0.357 436 0.46

A=-l .51730608E-02
B- 2.87124095E-03
C=-836.1191185533

4ANUFACTIJRER AVG DEV NO. PTS. % PTSPOS.

S+ -1.36 2 0.00

(.See also Figure 35)
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TABLE XVI

SCAN 60 (K0m 71774 )covering rouind nimbersi A t 917 with:

Al I1 MANUFACTORERS
CONSTRUCTION CODES HEMIJSP
MASSES (grains) - 90
CALIBERS - .357
STRIKING VELOCITIES (ffs) -All

3 rounds satisfyý SCAN COnE 60

Win. NO. in ?4ASS(GR) DIA1M.(IN) VS(F/S) RII

117 S+W,HE ;iIUSP .115SP 90: 0 n.157 1250 16.24
119 S+W4,HE 1MI,1SP ,.18SP 90.0 0.357 777n 7.11

Ba 6.60067664E-03
Cm 1681 .056570682

MANUFACTURER AVG nFV 14O. PTS. %PTS.POS.

S+ -0.00 3 33.33

(See also Figure 36)

148



TABLE XVII

SCAN 91 (KO= 71850 ) covering round numbers 6 to 417 with:

All MANUFACTURERS
CONSTRUCTION CODES MP
MASSES (grains) - 90
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) R11

293 KTW,M P,.35 7MAG 89.9 0.357 2083 NO X 42.44
294 KTW,M P,.33 SPEC 39.9 0.257 1479 NO X 32.69

A=-4.f38391083E-02
Br 2.15139262E-03
C=-369.9821627131

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

KT -6.71 2 5'0.00

(See also Figure 3?)
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TABKE XVY"LU

SCAN 106 ( Kr)- 2081 ) coverinq ground numbers 857 to 917 with:

All MANMFACTIJRERS
CONSTRUCTION CODES JHPMASSES (girains) - 95

CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

4 rounds satisfy SCAN CODE 106

RNn. NO. rn IIASS(GR) UIArt.(IN) VS(F/S) RII

861 REM4,JH P,3RSP 95.0 0.157 R00 3.31
862 REr1"19,,I1 P,3RSP 95.0 0.357 853 5.28
863 REM, 1JH P,38SP 95.0 6.357 977 13.4!,
854 RE4,,JH P,38SP 95.0 0.357 1307 36.61

An 17.66599655536
8=-4.092161066E-03
C=- 1004.79591q4

MANUFACTURER AVMi rEV tlO. PTS. % PTS,P0S,

RE +•.00 4 ,50.0

(See 31so Igure 38)
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TABLE XVIX

SCAN 2' C KO= 72511 ) covering rotAnd numbers 74 to q17 with:

Al 1 MANUFACTURERS
eONSTRUCTION CODES jHP JHC
MASSES (grains) - 100
'ALIBERS - .357
STRIKING VELOCITIES (f/s) - All

5 rounds sattsfy SCAN CODE
RND. NO. in MASS (AR) WDAM.(INI) VS(*IS) RII

167 ZERO, JHP 100.0 0.357 32R2 2.2.64
16n ZERO, ,JHP 100.n 0.357 761 5.00
169 ZERO, 1l11P 100.0 0.357 1085 17.68
170 ZERO, 11P 100.0 0.357 938 14.00
171 ZEROo JHP 100.0 P.357 508 O.96

¼=A- 6.W60.5240750•61
BR-4,13WfW.7E-04
C,-3010.963354593

MANtJFAfCTIIRER AVG DEV NO. PT.S % PTS.iOS.

7E +0l.07 5 6 .!On

(See also Figum, 39)
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"TABLE XX

SCAN 114 ( Kna 72133 ) coverlnq round numbers 372 to Q17 with:
Al1 MANIFACTURERS
CONSTRUCTION CODES l1sP
MASSES (qralns) - 110
CALIBERS - .357
STRIKING VELOCITIFS (Y/s) -'All

6 rounds satisfy SCAN CODE 114

RND. N1. I) 'MASS(GR) rIAM.(IN) VS(F/S) RII

471 SUPERV EL,JSP ,38SP 110,0 0.357 1135 15.12
474 SUJPERV ELJSP ,38SP 110.0 0.357 1210 20.81
47.; StPERV ELJSP ,•8SP 110.n 00.57 1138 16.19476 SIJPERV EL,JSP ,38SP 110.0 r.357 980 10.55477 SUPERV EL,JSP ,38SP 110,0 n.357 .148 6.39

478 SIJPERV ELUaSP ,38SP 110,.r 0,157 803 4,,90

A*~ 2.760793982647
6- 1 .49707574E-03
C-I•310.71,6676768

MANUFACTURER AVG nEV NIO. PTS. % PTS.POS.

SOI +0.01 6 66.66

(See kilso Figure 40)
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TABLE XXI

SCAN 3 (KO= 72531 ) coyerti•j round numbers 30 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP JHC
MASSES (grains) - 110
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

78 rounds satisfy SCAN CODE 3

RND. NO. In P'ASS(GR) DIAM,(IN) VS(F/S) RII

31 W•W,JH P,.357 MAG '110.6 0.357 1637 NO X 38.9733 W-WJH P:.357 M1AG 110.0 0.357 1325 NO X 21.12
34 W-WJH P$.357 MAG 110.0 0.357 1197 NO X 19.2735 W-,,JH P,.357 MAG 110.0 0.357 1085 19.0136 W-W4,JH Ps,.357 MAG 110.0 0.357 1049 16.82
37 W-WJH P,.357 MAG 110.0 0.357 912 12.67
38 W-W,JH Ps.357 MAG 110.0 0.357 711 4.9584 S+WJ HP,.3 8SPEC 110.0 n.357 1292 28.45
85 S+Wu.3 HP,.3 57M4AG 110•,0 0.357 1725 60.31102 S+WJ HiP,.3 57MAG 110.0 0.357 774 4.76106 S+WJ HP,.3 57MAG 110.0 0.357 1118 16.74113 S+W,J IIP,.3 5714AG 110.0 0.357 1122 18.42114 3+,4,J HP,.3 57AOG 110.0 0.357 1020 12.55115 S+W,J 11P,.3 5711AG 110.0 0.357 1156 5.66
116 S+W,J HP,.3 57MAG 110.0 0.357 623 2.23
124 S+W,J HP,.3 8SPEC 110.0 0.357 971 1.02
125 S+WJ HiP,.3 3ISPEC 110.0 0.357 721 6.80
126 S+WJ 1IP,.3 ,"SPEC 110.0 0.357 869 6.05140 14-WJ HP,.3 8SPEC 110.0 0.357 1335 26.35
141 W-WJ HP,.3 8SPEC 110.0 0.357 1184 22.70
'142 W-WJ HP,.3 PSPEC 110.0 0.357 1013 15.64143 W-*,J PP,.3 8SPEC 110.0 0.357 784 5.09144 W-W,J ItP,.3 RSPEC 110.n 0,357 656 .24158 HODNAO VJHP 110.0 0.357 1328 27.17159 HORNAD Y,JHP 110.0 0.357 472 1.11
160 HORNAD Y,JHP 110.0 0.357 734 4.17
161 HORNAD Y,JHP 110.0 0.357 961 9.79
162 HOR;NAD Y,,JHP 110.0 0.357 1102 16.45172 SIERRA ,JHP 110.0 0.357 1286 31.12
173 SIERRA ,,IHP 110.0 0.357 1079 13.09
174 SIERRA ,JHP 110.0 0.357 938 11.93
175 SIERRA ,JHP 110.0 0.357 787 5.81193 SIERRA ,1hP 110.0 0.357 1443 33.91
194 SIERRA ,JHP 110.0 0.357 1122 11.39
195 SIERRA ,JHC 110.0 0.357 1289 27.66208 ZERO, JHP 110.0 0.357 1489 44.14209 ZERO, JHP 110.X 0.357 1351 36.57
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210 ZERO, JHP 110.0 0.357 1194 24.10211 HnRMAD Y,JHP 110.0 0.357 1532 48.60212 HORNAD YJHP 110.0 0.357 1364 33.56213 HORNAD YJ1HP 110.0 0.357 1193 22.13220 ZERN, JHP 110.0 0.357 1023 13.78221 ZERO, JHP 110.0 0.357 958 10.67222 ZERO, JHP 110.0 0.357 872 6.30223 HORNAr Y,JHP 110.0 0.357 1079 14.94224 HORNAD'Y,JHP V;O.0 0.357 M80 9.80225 HORNAD Y,JHIP 110.0 0.357 905 7.31259 HI-PRE CISION 4,HP 110.0 0,357 1279 21.80260 HI-PRE CISION ,JHP 110.0 0.357 1128 13.31261 H" PRE CISION ,JHP 110.0 0.157 866 5.56264 HI-PRE CISION ,JHP 110.0 04357 1341 27.76P65 HI-PRE CISION ,JHP 110.0 0.357 1167 16.86266 HI-PRE CISTON ,,HP 110.0 0.357 1023 9.15286 W-1,J HP,.3 57MAG 110.0 0.357 1279 34.74
287 141,WJ HIP,.3 s 57rtA 110.0 0.357 1020 20.24288 W-WJ HP,.3 57MAG 110.0 0.357 8103 9.98?94 W-WJ HP,.3 8SP-C 110.0 0,357 1246 :17.01295 W-W,J HP,.3 8SPEC 110.0 0.357 1072 21.43296 F1-1I,J HP,.3 8SPEC 110.0 0.357 R89 13.17297 W-W,J IP,.3 8SPEC 110.0 0.357 685 4.52390 SPEER, JHP,38 CAL 110.0 0.357 1410 45.36
391 SPEER, JHP,38 CAL 110..0 0.357 1167 29.32392 SPEER, JlP,38 CAL 110.0 6.357 849 9.58424 SPEER, JHP,38 CAL 110.0 0.357 1469 51.25
425 SPEER* JHP,38 CAL 110.0 0.357 1443 46.84426 SPEER, JHP,38 CAL 110.0 0.357 1299 36.20479 SIJPERV FL.JHP ,38SP 110.0 0.357 1371 49.30480 SIJPERV EL,JHP ,38SP 110.0 0.357 1243 38.62481 SIJPERV EL,JHP ,38SP 110.0 0.357 1151 25.04482 SIJPERV ELJHP ,38SP 110.0 0.3-.7 987 11.72483 S!JPERV EL,JHP ,38SP 110.0 0.357 915 8.27484 SJFERV EL,JHP ,38SP 110.0 0.357 790) 5.53501 SPEER, jHP,35 7 110.0 0.357 1633 69.92502 SPEER, JHP,35 7 110.0 0.357 1699 64.68503 SPEER, JHP,35 7MMG 110.0 0.357 1397 31.905,14 SPEER, JHP,35 7rMM 110.0 0.357 1266 27.82505 SPEER, JHP,35 7 110.0 0.357 i7i 12.Rn
506 SPEER, JHP,35 7 11,0 0.357 780 4.61

An 2.685827088166
B. 1.48286991E-03
C=-1639.961723535
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MANtUFACTURER AVA EV' NO. PTS, % PTS, POS.

"HI -4.06 6 0.00
S+ -1.84 11 27.27
$ST -1.6O 7 28.57
NO -f.91 11 27.27
ZE +0.72 6 50.00
Sf- +0.72 19 68.42

SP +3.71 12 75.00
SU +5.47 6 50.00

.- I.
(.See also Figure 41)
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TABLE XXII

SCAN 73 (KO 72618 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JSP JFP
MASSES (grains)- 125
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

13 rounds satisfy SCAN CODE 73

RND. NO. In MASS(GR) DIAM.(IN) VS(F/S) RII

180 SIERRA ,JSP 125.0 0.357 1276 18.60
181 SIERRA ,JSP 125.0 0.357 1108 13.60
182 SIERRA ,JSP 125.0 0.357 925 7.89
183 SIERRA ,JSP 125.0 0.357 626 1.78
205 SIERRA 6JSP 125.0 0.357 1374 38.95
206 SIERRA ,JSP 125.0 0.357 1227 19.40
?07 SIERRA ,JSP 125.0 0.357 1167 16.03
393 SPEER, JSP,38 CAL 125.0 0.357 1407 45.50
394 SPEERs JSP,38 CAL 125.0 0.357 1066 27.13
395 SPEER$ 1SP,38 CAL 125.0 0.357 734 6,19
427 SPEER$ JSP,38 CAL 125.0 0.357 780 5.04
428 SPEER, ,SP,38 CAL 125.0 0.357 1309 34.90
429 SPEER, JSP,38 CAL 125.0 0.357 1013 14.44

A= 1.833194355271
B= 9.99823834E-04
C=-2303.088990996

MANUFACTURER AVG nEV NO. PTS. % PTS.POS.

SI -2.76 7 14.28
SP +4.82 6 83.33

(See also Figure 42)
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TABLE XXIII

SCAN 10 (KO- 72561 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP JHC
MASSES (grains) - 125
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

62 rounds satisfy SCAN CODE 10

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

7 REMJ HP,.3 8SPEC 125.0 0.357 1167 NO X 14.319 REMJ HP,.3 8SPEC 125.0 0.357 1003 NO X 15.1010 REt*1,J HP,.3 8SPEC 125.0 0.357 987 NO X 14.9911 REM,J 1P,.3 8SPEC 125.0 0.357 866 NO X 7.15
12 REMJ HP,.3 8SPEC 125.0 0.357 790 NO X 4.9913 REMJ HP,.3 8SPEC 125.0 0.357 675 NO X 2.7883 S+WJ I1P,.3 8SPEC 125.0 0.357 1079 19.07
88 S+WJ HP,.3 57MAG 125.0 0.357 1784 71.7589 S+WJ HP,.3 8SPEC 125.0 0.357 541 1.3390 S+W1,J HP,.3 8SPEC 125.0 0.357 994 13.99
91 S+WJ HP,.3 8SPEC 125.0 0.357 853 7.43
92 S+WJ HPO.3 8SPEC 125.0 0.357 626 2.2493 S+WJ HP,.3 8SPEC 125.0 0.357 1837 69.5994 S+WJ HP9.3 57MAG 125.0 0.357 685 2.81
95 S+WJ HP,.3 57MAG 125.0 0.357 1269 26.8596 S+WJ HPs.3 57MAG 125.0 0.357 1164 15.05
97 S+W,J HPs.3 57MAG 125.0 0.357 1007 9.5698 S+WJ HP9.3 57MAG 125.0 0.357 915 6.02
99 S+W,J 11P,.3 57M4AG 125.0 0.357 820 5.28
145 HORNAD YJHP 125.0 0.357 1259 25.15146 HORNAD YJHP 125.0 0.357 764 6.70
147 HORNAD Y,JHP 125.0 0.357 948 8.51
148 HORNAD YJHP 125.0 0.357 1131 20.68163 ZERO, JHP 125.0 0.357 1256 23.71164 ZERO, JHP 125.0 0.357 1069 19.13
165 ZERO, JHP 125.0 0.357 938 12.18166 ZERO, JHP 125.0 0.357 725 5.59176 SIERRA ,JHP 125.0 0.357 1269 28.36
177 SIERRA ,JHP 125.0 0.357 1082 13.82178 SIERRA ,JHP 125.0 0.357 898 10.00
179 SIERRA ,JHP 125.0 0.357 754 4.93196 SIEkRA ,JHP 125.0 0.357 1122 12.92
197 SIERRA ,JHP 125.0 0.357 1358 33.89202 ZERO, JHP 125.0 0.357 1404 34.20203 ZERO, JHP 125.0 0.357 1243 25.80204 ZERO, JHP 125.0 0.357 1181 27.05
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214 HORNAD YJHP 125.0 0.357 1397 38.15215 HORNAD YJHP 125.0 0.357 1233 31.51
216 HORNAD YjJHP 125.0 0.357 1174 22.49217 ZERO, JHP 125.0 0.357 977 15.77
218 ZERO, JHP 125.0 0.357 931 10.69
219 ZERO, JHP 125.0 0.357 836 5.05
226 HORNAD YJHP 125.0 0.357 1046 12.04228 HORNAD YJHP 125.0 0.357 810 7.40396 SPEER, JHP,38 CAL 125.0 0.357 1430 51.13
397 SPEER, JHP,38 CAL 125.0 0.357 1112 25.77
398 SPEER, JHP,38 CAL 125.0 0.357 754 6.98430 SPEER, JHP,38 CAL 125.0 0.357 1335 48.46
431 SPEER, JHP,38 CAL 125.0 0.357 1256 39.97432 SPEER, JHP,38 CAL 125.0 0.357 1036 20.48
857 RE14,JH P,38CA L 125.0 0.357 1305 40.60858 REM,JH P,38CA L 125.0 0.357 1095 23.01
859 REMJH P,38CA L 125.0 0.357 1020 18.39
860 REDtJH P,38CA L 125.0 0.357 698 2.36865 REMIJH P,38SP 125.0 0.357 823 36.63
866 REM,JH P,38SP 125.0 0.357 846 4.69
867 REB4,JH P,38SP 125.0 0.357 882 6.07
891 REM,JH P,357M AG 125.0 0.357 1410 51.78892 REMJH P,357M AG 125.0 0.357 1256 51.78893 REMJH P,357M AG 125.0 0.357 1135 30.50
894 REMJH P0357 125.0 0.357 951 8.21
895 REtJH P,357M AG 125.0 0.357 754 3.73

An 4.268997195447
Bm 8.61674999E-04
C--2512.299363429

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

S+ -3.65 13 30.76
SI -2.33 6 33.33
110 -0.59 9 44.44
ZE -0.36 10 50.00
RE +3.96 18 50.00
SP +7.94 6 100.00

(See also Figure 43)
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TABLE XXrV

SCAN 98 ( KO- 72171 ) covering round numbers 370 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) 140
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

6 rounds satisfy SCAN CODE 98

RND. NO. In MASS(rR) DIAM.(IN) VS(F/S) RII

399 SPEER, JHP,38 CAL 140.0 0.357 1512 60.94
400 SPEER, JHP,38 CAL 140.0 0.357 1033 24.78
401 SPEER, JHP,38 CAL 140.0 0.357 761 8.46
402 SPEER, JHP,38 CAL 140.0 0.357 1417 51.68
433 SPEER, JHP,38 CAL 140.0 0.357 1240 46.42
434 SPEER, JHP,38 CAL 140.0 0.357 1003 26.30

An 8.473826178012
B=-1. 05642851 E-03
C--4214.57575316

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP +0.06 6 66.66

(See also Figure 44)
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TABLE XXV

SCAN 99 ( KO- 72183 ) covering round numbers 270 to 917 with:

ALL MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 146
CALIBERS - .357
STRIKING VELOCITIES (f/s) - ALL

6 rounds satisfy SCAN CODE 99

RNO. NO. ID MASS(G-) DIAM.(IN) VS(F/S) FIi

403 SPEER, JHP, 38 CAL 146.0 0.357 1295 36.12
404 SPEER, JHP, 38 CAL 146,0 0.357 731 6.21
408 SPEER, JHP, 38 CAL 146.0 0.35? 1076 28.48
435 SPEER, JHP, 38 CAL 146.0 0.357 1318 33.54
436 SPEER, JHP, 38 CAL 146.0 0.,357 1194 30.42
437 SPEER, JHP, 38 CAL 146.0 0.357 1148 38.73

A=- . 27993606E-02
B= 3.01676941E-03
C=-242.5007425015

MANUFACTURER AVG DEV NO. PTS. 2 PTS. POS.

SP +1.16 6 50.00

(See also Figure 45)
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TABLE XXVI

SCAN 42 (KO= 71950 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES WC
MASSES (grains) - 148

CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

21 rounds satisfy SCAN CODE 42

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

57 W-WW C$. 38SPEC 147.9 0.357 390 11.16
78 S+WW C,.38 SPEC 147.9 0.357 820 10.66
314 W-WW C,.38 SPEC 147.9 0.357 869 17.42
315 W-W1W C,.38 SPEC 147.9 0.357 1046 26.58
316 W-1, W C,.38 SPEC 147.9 0.357 1624 40.33
366 W-1.,414 C,38SP EC 147.9 0.357 1013 23.38
367 W-W,W C,38SP EC 147.9 0.357 780 12.38
405 SPEER, WC,38C AL 147.9 0.357 1794 56.20
406 SPEER, WC,38C AL 147.9 0.357 1338 33.65
407 SPEER, WC,38C AL 147.9 0.357 902 14.61
409 SPEER, WC,38C AL 147.9 0.357 941 15.15
410 SPEER, WC,38C AL 147.9 0.357 1161 27.16
438 SPEER, 11C,38C AL 147.9 0.357 17n9 50.64
439 SPEER, WC,38C AL 147.9 0.357 1689 50.63
440 SPEER, WC,38C AL 147.9 0.357 1624 46.88
441 SPEER, WC,38C AL 147.9 0.357 1387 43.99
442 SPEER, lIC,38C AL 147.9 0.357 1092 22.77
443 SPEER, 1WC,38C AL 147.9 0.357 984 16.61
908 REM,WC ,38SP 147.9 0.357 869 17.42
909 REMI,WC ,38SP 147.9 0.357 961 24.49
910 RE14,11C ,38SP 147.9 0.357 1433 34.52

A= 1.260402154507
B= 1.52503957E-03
C= 186.5770158893

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

S+ -4.79 1 0.00
SP +0.01 11 36.36
.1- +0.33 6 66.66
RE +1.89 3 66.66

(See also Figure 46)
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TABLE XXVII

SCAN 38 ( KOn 7?523 ) covering round numbers 6 to 917 wfth:Al I1 ANUFACTIJRERS
CONSTRUCTION CODES L LRN RNMASSES (gralns) - 150
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All
5 rounds satisfy SCAN CODE 38

RND. NO. ID M,1ASS(GR) DIAM.(IN) VS(F/S) R11
66 144-1L ,.38 LC 150.0 0.357 813 5.6368 W-14,L .38 SPEC 150.f0 n.357 1135 10.85301 W-W,L RN,.3 8SPEC 150.0 0.357 928 7.76302 W-W,L RN,.3 8SPEC 150.0 0.357 1138 12.61303 WI-WL RN,.3 8SPEC 150.0 0.357 1259 25.13

An-I 3.17843674403
B- 9 .04175349E-03
Ca 6197.297802882

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

-+0.15 40.00

(See also Figure 47)
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TABLE xxvriI

SCAN 37 CKO= 72668 )covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JSP JFP
MASSES (grains) - 150
CALIB3ERS' - .357
STRIKING VELOCITIES (f/s) -All

RNO. NO. ID r4ASS(GR) DIAM.(2tN) VS(F/S) RII

289 W-W,-J SP,.3 57MAG 150.0 0.357 1289 29.07

A--6.76358890E-04
Ba 2.98354213E-03
C--59 2.1552538635

MANUFACTUJRER AVG 0EV NO. PTS. % PTS.POS.

W--0.49 1 0.00

(See also Figure 48)
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TABLE XXIX

SCAN 46 (KO- 72611 ) covering round numhers 6 to 917 with:

All MANUrACTURERS
CONSTRUCTION CODES aHP JHr.'
MASSES (grains) - 150
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

6 rounds satisfy SCAN CODE 46

RND. NO. In MASS(GR) DIAM.(IN) VS(F/S) R11

184 SIERRA ,JHP 150.0 0.357 1148 28.55
185 SIERRA ,)Hp 150.0 0.357 958 12.47
186 SIERRA ,JHP 150.0 0.357 803 7.09
187 $IERRA ,JHP 150.0 0.357 498 0.79
198 SIERRA ,JHP 150.0 0,357 1118 13.92
199 SIERRA ,JHP 15u.0 0.357 1335 42.05

A- 3.384355727232
8- 1.40351211E-03C--21 37.976826352

MANUFACTURER AVG, DEV NO. PTS. % PTS.POS.

SI +0.47 6 06.66

(See also Figure 49)
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TABIE XXX

SCAN 39 ( KOM 72539 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES L LRN RN
MASSES (grains) - 158
CALIBERS .357
STRIKING VELOCITIES (f/s) - All

18 rounds satisfy SCAN CODE 34

RND. NO. ID M4ASS(GR) DIAM.(IN) VS(F/S) R11 )A

49 W-WL .357 MAG 157.9 0.357 1125 31.9950 W-WL .357 MAG 157.9 0.357 770 4.5351 W-WL s,357 MAG 157.9 0.357 1085 NO X 13.54 i
52 W-W,L s;357 MAG 157.9 0.357 377 7.78
53 W-WL 9.357 1AG 157.9 0.357 997 8.98
67 W-WL *.38 SPEC 157.9 0.357 938 10.51
80 S+WL RN,.3 8SPEC 157.9 0.357 869 3.?O
304 W-WL RN,.3 8SPEC 157.9 0.357 944 8.15
305 W-WL RN,.3 8SPEC 157.9 0.357 1089 11.50
306 W-WL RN,.3 8SPEC 157.9 0.357 1250 17.26
311 W-WR N,.38 SPEC 157.9 0.357 997 8.52
312 W-WR N,.38 SPEC 157.9 0.357 1099 9.55
313 W-WR N,.38 SPEC 157.9 0.357 1236 13.02
868 REMRN ,38SP 157.9 0.357 1266 29.39
869 REM.RiN ,38SP 157.9 0.357 1233 13.62
870 REMRN ,38SP 157.9 0.357 1079 9.65
899 REM,L, 357MAG 157.9 0.357 1250 36.47
900 REM,L, 357MAG 157.9 0.357 1181 13.38 1

An-5..033894694484
B= 5.26967465E-03
C= 1916.501103882

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

S+ -2.55 1 0.00
W- +r.84 il 50.00
RE +1.74 40.00

(See also Figure 50)
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TABLE XXXI

SCAN 41 (KOm 72207 )covering rourd nuimters C to 917 with:

Al 1 MANUrACTURERS
CONSTRUCTION CODES SWC
M~ASSES (grains) - 158
CALZ8ERS, .367
STRIKING VELOCITIE.S (f/s) -All

14 rounds satisfy SCAN CODE 41

RND. NO. in MASS(GR) DIAM1.(1N) VS(F/S), RII

58 W-WS WC,.3 8SPEC 157.9 0.307 '1128 23.12
79 S+W,S WC9.3 8SPEC 157.9 0.357 875 3.93
307 W-14PS WC,.J 8SPEC 157.9 0.357 790 8.26
308 W-W,,S WC,.3 RSPEC 157.9 0.357 859 11.47

30 -WqS WC,.3 8SPEC 157.9 0.357 11530.35
413 SPEER* SWC*38 CAL 157.9 0.357' 1719 57.84
414 SPEERI SWC938 CAL 157.9 0,.357 1223 38.58
444 SPEERt SWC038 CAL 157.9 n.357 1463 63.72
445 SPEER9 SWCp38 CAL 157.9 0.357 1381 58.00
446 SPEER, SWCv38 CAL. 157.9 0.357 1131 40.11

4447 SPEER* SWC,38 CAL 157.9 0.357 1177 19.94
901 REM*SW Co38SP 157.9 0.357 1364 42.78

902 REMSW C,38SP 157.9 0.357 1145 NO X 24.53

903 RETI,SW C638SP 157.9 0.357 1082 10.11

Bu-7. 3321 7328E-05
Co-391 8.064161714
MA NUFACTURER A'In DEV NO. PTS * PTS.*P05.

t 4.97 1 0.00
.ý 3.76 3 0.00
W-+2.95 4 75.00

SP +3.98 6 66.66

(See also Figure 51)
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S~TABLE XXXII

SCAN 40 (KOn 72209 ) cover:ng round numbers 30 to 917 with:

All MANUFACTURERS

SCONSTRUCTION CODES LHPS~MASSES (grains) - 158
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

13 rounds satisfy SCAN CODE 40

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

39 W-W,LH P,.38 SPEC 157.9 0.357 1151 28.96
40 W-WLH P,.38 SPEC 157.9 0.357 725 8.55
41 W-14,LH P,.38 3SPEC 157.9 0.357 1181 32.63
42 W-WLH P,.38 SPEC 157.9 0.357 1295 32.33
44 W-W,LH P,.38 SPEC 157.9 0.357 830 14.66
45 W-W,L;! P,.38 SPEC 157.9 0.357 1046 21.64
292 W-WL HP,.3 57MAG 157.9 0.357 1177 41.0,°
321 W-WL fIP,.3 8SPFC 157.9 0.357 1312 51.45
322 W-WL HP,.3 3SPEC 157.9 0.357 1171 47.10
323 W-W,L 11P,.3 8SPEC 157.9 0.357 951 20.57
324 W-W,L HP,.3 8SPEC 157.9 0.357 830 13.43
325 W-WL HP,.3 8SPEC 17.9 0.357 774 5.95
326 W-W,L HP,.3 3SPEC 157.9 0.357 557 2.73

A- 4.858814531264
Bu 5.7979^119E-f)4
C--2353.228014494

MANUFACTURER AVG DEV NO. PTS. %PTS.POS.

W- +0150 13 61.53

(See also Figure 52)
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TABLE XXXII

SCAN 72 ( KO- 726J4 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION COES liSP JFPMASSES (gratns) - 158

CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

41 rounds satisfy SCAN CODE 72

RND. 4O. II) 14ASS(GR) DIAM.(IiI) VS(F/S) RII

59 W-,J SP,.3 5714AG 157.9 0.357 1601 79.36
81 S+W,IJ SP,.3 35PEC 157.9 0.357 1040 17.15
86 S+A,J S.,.3 571AG 157.9 0.357 1561 52.16
103 S+,4,J SP,.3 5714AG 157.9 0.357 754 2.54
105 S+W,J SP,.3 5714AG 157.5 0.357 1220 17.32
110 S+WJ SP,.3 57MAG 157A 0.357 1076 18.82
111 S+W,J SP,.3 57MAAG 157.9 0.357 1043 16.87
112 S+W,J SP,.3 5714AG 157.9 0.357 954 7.12
149 HORrAD YJFP 157.9 0.357 1049 17.57
150 HORNAD Y,JFP 157.9 0.357 987 13.99
151 HORNAD YJFP 157.9 0.357 790 4.39
152 HORNAU YJFP 157.9 0.357 1236 32.05
133 SIERRA ,,SP 157.9 0.357 1128 13.96
IW9 SIERRA ,JSP 157.9 0.357 1263 21.39
190 SIERRA ,,ISP 157.9 0.357 967 8.32
191 SIERRA ,,SP 157.9 0.357 853 9.19
192 SIERRA ,JSP 157.9 0.357 590 1.88
200 SIERRA ,JSP 157.9 0.357 1154 15.44
201 SIERRA ,.ISP 157.9 0.357 1299 27.60
232 HORNAD Y,JSP 157.9 0.357 1578 75.83
234 HORNAD Y,JFP 157.9 0.3357 1145 16.69
262 HI-PRE CISION JSP 157.9 0.357 1269 16.55
263 Hi'-PRE CISION ,JSP 157.9 0.357 1125 12.68
267 HI-PRE CISION ,JSP 157.9 0.357 1243 16.43
268 HI-PRE CISION ,JSP 157.9 0.357 1092 12.58
317 W14-4,J SP,.3 8SPEC 157.9 0.357 1282 22.21
31J W3-WJ SP,.3 3SPEC 157.9 0.357 1141 16.51
319 W-WJ SP,.3 8SPEC 157.9 0.357 987 17.47
320 W-W,J SP,.3 3SPEC 157.9 0.357 774 8.04

{ 415 SPEER, JSP,3a CAL 157.9 0.357 1683 67.80
416 SPLER, JSP,38 CAL 157.9 0.357 1328 39.35
417 SPEER, JSP,38 CAL 157.9 0.357 1010 22.27
448 SPEER, JSP,38 CAL 157.9 0.357 1364 58.09
472 SPEER, JSP,38 CAL 157.9 0.357 1102 20.20
473 SPEER, JSP,38 CAL 157.9 0.357 1023 17.25
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507 SPEER, JSP,35 7 157.9 0.357 1761 87.16
508 SPEER, JSP,35 7 157.9 0.357 951 8.14
509 SPEER, JSP,35 7 157.9 0.357 787 4.03
896 REMJS P,357M AG 157.9 0.357 1292 27.56
897 REMJS P,357M AG 157.9 0.357 1167 27.56
893 REM,JS P,357M AG 157.9 0.357 1053 8.56

A- 2.284496287811
b-= 1.79523251E-03
Co-1626.224L318408

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

HI -6.59 4 0.00
ST -1.85 7 28.57
S+ -0.62 7 42.85
RE +0.50 3 33.33
1- +3.73 5 60.00
SP +3.73 9 55.55
HO +4.07 6 66.66

(See also Figure 53)
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TABLE XXXIV

SCAN 7 (KO- 72627 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP JHCMASSES (grains) 158
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

41 rounds satisfy SCAN CODE 7
RND. NO. ID MASS(GR) DIAf4.(IN) VS(F/S) RII

14 W-WJ HP,.3 57M4AG 157.9 0.357 1748 NO X 81.8417 W-WJ HP,.3 57MAG 157.9 0.357 1532 NO X 32.8018 W-W,J HiP,.3 57MAG 157.9 0.357 1509 NO X 32.5520 W-W,j HP,.3 57MAG 157.9 0.357 1335 140 X 64.7821 W-W,J HP,.3 5714AG 157.9 0.357 1204 1O X 21.3422 W-W,J HP,.3 57MAG 157.9 0.357 1125 NO X 31.2323 W-WJ HP,.3 57MAG 157.9 0.357 1131 NO X 24.1624 W-WJH P,.357 MAG 157.9 0.357 1069 dO X 17.5225 W-WJH P,.357 MAG 157.9 0.357 948 NO X 33.5126 W-W,JH P,.357 MAG 157.9 0.357 912 NO X 20.4227 W-W,JH P,.357 MAG 157.9 0.357 994 NO X 10.5528 W-WJH P,.357 MAG 157.9 0.357 1056 NO X 21.1029 W-WJH P,.357 MAG 157.9 0.357 715 NO X 3.7930 W-WJH P,.357 NAG 157.9 0.357 990 NO X 24.0282 S+W,J HP,.3 8SPEC 157.9 0.357 1046 13.0687 S+W,J HP,.3 57MAG 157.9 0.357 1469 57.33100 S+W,J HP,.3 57MAG 157.9 0.357 505 0.99101 S+W,J HP,.3 57MAG 157.9 0.357 787 7.26104 S+WJ HP,.3 57MAG 157.9 0.357 1217 26.70107 S+WJ HP,.3 57MAG 157.9 0.357 905 8.83108 S+wJ HP,.3 57MAre 1S7,9 0.357 1135 14.73109 S+W,J HP,.3 57MAG 157.9 0.357 1154 20.22121 S+WJ HP,.3 8SPEC 157.9 0.357 1282 36.49122 S+WJ liP,.3 8SPEC 157.9 0.357 1263 34.29123 S+WJ 1iP,.3 8SPEC 157.9 0.357 757 7.35154 HORNAD YJHP 157.9 0.357 1295 37.63155 HORNAD YJHP 157.9 0.357 1145 23.90156 HORNAD YJHP 157.9 0.357 994 12.13157 HORNAD YJHP 157.9 0.357 849 7.25229 HORNAD YJHP 157.9 0.357 1397 49.05230 HORNAD Y,JHP 157.9 0.357 1286 41.88231 HORNAD YJHP 157.9 0.357 1141 27.75290 W-WJ HP,.3 57MAG 157.9 0.357 1276 44.88298 W-WJ IlP,.3 8SPEC 157.9 0.357 1250 53.51299 W-WJ HP,.3 8SPEC 157.9 0.357 1099 37.88
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300 W-W*J HP,.3 8SPEC 157.9 0.357 954 21.04
327 W-WJ HP,.3 8SPEC 157.9 0.357 875 19.64
328 W-WJ HP,.3 8SPEC 157.9 0.357 688 6.55
904 RE14,JH P,357M AG 157.9 0.357 1289 50.17
906 REMJH P,357M AG 157.9 0.357 1053 19.86
907 REMJH P,357M AG 157.9 0.357 882 7.17

An 5.4637785874518- 2.41878706E-04
Co-2826.097748446

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

S+ -2.23 11 45.45
HO +0.44 7 57.14
RE +2.83 3 33.33
W- +3.48 20 60.00

(See also Figure 54)
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TABLE XXXV

SCAN 93 ( KO- 71986 ) covering round numbers 6 to 917 with:

ALL MANUFACTURERS
CONSTRUCTION CODES MP
MASSES (grains) - 158
CALIBERS - 357
STRIKING VELOCITIES Wf/s) - ALL

5 rounds satisfy SCAN CODE 93

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

55 W-W, M P,. 35 7MAG 157.9 0.357 1578 15.96
291 W-W, M P,, 35 7MAG 157.9 0.357 1282 23.71
871 REM, MP, 385P 157.9 0.357 1345 14.76
872 REM, MP, 385P 157.9 0.357 1230 13.38
873 REM, MP, 385P 157.9 0.357 1099 7.47

A=-2.11528401E-03
B 2.77168214E-03
C--993.161798543

MANUFACTURER AVG DEV NO. PTS. % PTS. POS.

W- -9.31 2 50.00
RE -2.06 3 0.00

(See also Figure 55)

J
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TABLE XXXVI

SCAN 111 ( Ko- 7?26 1 covering round numbers 857 to 917 with:

All MANUFACTURERS
CONSTRUCT ION CODES JHP
MASSES (grains) - 185
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

RND. NO. ID i4ASS(GR) DIAM.(IN) VS(F/S) RII

905 REM,JH P,3571 AG 185.0 0.357 1161 36.21

A= 4.03287990E-04
B= 3.75?60300E-03
C-,39,3.7414499336

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

RE +0.16 1 100.00

(See also Figure 56)
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TABLE XXXVII

SCAN 112 ( KOs 71969 ) covering round numbers 857 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES L
MASSES (grains) - 200
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

RNU. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

911 REMIL, 38SP 200.0 0,357 1302 29.44
912 REM,L, 38SP 200.0 0.357 1207 18.52
913 REML, 33SP 200.0 0.357 1069 18.52

A=-4.06476920E-03
B= 2.92772630E-03
C=-517.434498?668

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

RE -0.04 3 33.33

(See also Figure 57)
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TABLE XXXVIrI

SCAN 43 ( KO, 71682 ) covering round numbers 271 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES SS
MASSES (grains) - All
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

3 rounds satisfy SCAN CODE 43

RND, NO. ID MASS(GR) DIAI4.(IN) VS(F/S) RI

273 MBA,S S,.38 SPEC 63.9 0.357 1007 NO X 9.37

273 MBA,S S,.38 SPEC 63.9 0.357 1053 NO X 18.21
274 MBA,S S,.38 SPEC 63.9 0.357 807 NO X 0.89

A=-30.82212493421
d= 2.34343443E-02
Cc 9525.324936997

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

MB +0.00 3 66.66

(See also Figure 58)
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TABLE XXXIX

SCAN 44 ( KO= 71895 ) coverin9 round numbers 274 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES SSG
MASSES (grains) - All
CALIBERS - .357
STRIKING VELOCITIES (f/s) - All

6 rounds satisfy SCAN CODE 44

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII
275 GLASER ,SSGo. 35714AG 96.4 0.357 2181 NO X 66.88276 GLASER ,SSG,. 38SPEC 96.4 0.357 1889 NO X 52.39277 GLASER ,SSG,. 38SPEC 96.4 0.357 1860 rJo X 62.14278 GLASER ,SSG,. 357MAG 96.4 0.357 2158 NO X 77.17281 GLASER ,SSG,. 357MAG 96.4 0.357 1328 NO X 29.39282 GLASER ,SSG,. 357MAG 96.4 0.357 1443 NO X 33.20

A= 5.443886376076
O= 7.69727668E-05
C=-2914.878478997

MA14UFACTURER AVG DEV NO. PTS. % PTS.POS.

(GL +0.17 6 50.00

(See also Figure 59)
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TABLE XL

SCAN 89 (KO)- 83251 )covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP JHC
MASSES (grains) - 170
CALIBERS - .41
STRIKING VELOCITIES Wfs) -All

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) iII

251 SIERRA ,JHP 170.0 0.409 1164 16.78

Am-1i.6301181 2E-03
B= 2.80051558E-03
C-489.946793937

MANUFACTURER AVG 0EV NO. PTS. % PTS.POS.

51 -0.31 1 00

(See also Figure 60)
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TABLE XL1

SCAN 101 ( KOv 82891 ) covering round numbers 460 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 200
CALIBERS - .41
STRIKING VELOCITIES (f/s) - All

6 rounds satisfy SCAN CODE 101

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) . I1

463 SPEER, JHP,41 14AG 200.0 0.409 1305 4 b.52
464 SPEER, a0;?,41 MAG 200.0 0.409 1161 32.73
465 SPEER, J11P,41 MAG 200.0 0.409 1036 32.16
466 SPEER, JHP,41 MAG 200.0 0.409 1368 50.19
467 SPEER, JHP,41 MAG 200.0 0.409 1174 38.79
468 SPEER, JHP,41 MAG 200.0 0.409 1092 44.96

t An-2.629323038823
B= 3.22958938E-03
C- 2939.900797912

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP +0.27 6 33.33

(See also Figure 61)
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TABLE XLII

SCAN 113 KO-82729 ) coverini round numbers 857 to 917 with:

All r4ANUFACTURERS
CONSTRUCTION CODES L
MASSES (grains) - 210
CALIBERS - .411
STRIKING VELOCITIES (f/s) - All

'4 rounds satisfy SCAN CODE 113

RNO. NO. ID MASS(GR) DIAI4.(IN) VS(F/S) RII

914 REML, 41MAG 210.0 0.411 1430 76.04
915 REM,L, 414AG 210.0 0.411 1263 38.81
916 REM,L, 41MAG 210.0 0.411 1158 21.96
917 REM,L, 41t4AG 210.0 0.411 1089 15.84

A- 6.168620175805
B= 1.28604390E-03
C=x'-?2.000401 52

MANU' •,1'i'u1" AVG DEV NO. PTS,. % PTS.POS.

RE -0.00 4 50.00

(See also Figure 62)

179



TABLE XLIII

SCAN 110 ( KO- 82933 ) covering round numbers 857 to 917 with:
All MANUFACTURERS
CONSTRUCTION CODES JSP
MASSES ,'grains) - 210
CALIBERS - .41
STRIKING VELOCITIES (f/s) - All

5 rounds satisfy SCAN CODE 110

RND. NO. ID MASS(GR) DIAM4.(IN) VS(F/S) RII

886 REM,JS P,41MA G 210.0 0.409 1276 55.61
887 REI4,JS Ps41MA G 210.0 0.409 1210 40.37
883 REMJS P,411MA G 210.0 0.409 1141 20.52
889 RE%,JS P,4114A G 210.0 0.409 1145 27.51
890 REM,JS P,411MA G 210.0 0.409 974 12.27

A=-22.62956492331
3= 1.40939623E-02
C= 11104.99248834

MANIUFACTURER AVG DEV NO. PTS. % PTS.POS.

RE +0.08 5 60.00

(See also Figure 63)
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TABLE XLIV

SCAN 32 ( KO- 33331 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP JHC
MASSES (grains) - 210
CALIBERS - .41
STRIKING VELOCITIES (f/s) - All

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

252 HORNAD Y,JHP 210.0 0.409 1164 49.52
253 HORNAD YjHP 213.0) 0.409 1030 29.44
254 HORNAD YJHP 210.0 0.409 915 20.07
255 IIORI"AD Y,JHP P.10.0 0.409 856 14.51
256 HORNAD YJHP 210.0 0.409 725 5.58
257 SIERRA ,JHP ?10.0 0.409 1158 17.84

A=-1.76702513E-0•
B= 3.66871359E-03
C=-65,.0391049244

14ANUFACTURER AVG DEV HO. PTS. % PTS.POS.

S1 -21.13 1 0.00
HO +5.28 5 80.00

(See also Figure 64)
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TABLE XLV

SCAaN 100 (KO- 82953 ) covering round numbers 459 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JSP
MASSES (grains) - 220
CALIBERS - .41
STRIKING VELOCITIES (f/s) - All

5 rounds satisfy SCAN CODE 100

RND. NO. ID M4ASS(GR) DIAM.(IN) VS(F/S) RAl

460 SPEER, JSP,41 MAG 220.0 0.409 1295 50.88
461 SPEER, JSP,41 MAG 220.0 0.409 1174 22.54
462 SPEER, JSP,41 MAG 220.0 0.409 951 11.55
469 SPEER, JSP,41 MAG 220.0 0.409 1253 43.01
470 SPEER, JSP,41 MAG 220.0 0.409 1102 21.32

A--15.27478457398
Bu 1.03597923E-02
C= 7497.572173207

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP +0.14 5 40.00

(See also Figure 65)
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TABLE XLVI

SCAN 115 (KO 86473 ) covering round numbers 372 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JSP
MASSES (grains) - 180
CALIBERS - .427 to .429
STRIKING VELOCITIES (f/s) - AllV

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

372 SUPERV EL,JSP ,4414AG 180.0 0.427 1601 44.53

A--6.83223051E-03
B= 2.45934328E-03
C--126.3702707803

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SU -2.53 1 0.00

(See also Figure 66)
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TABLE XLVII

SCAN 54 ( KO* 86651 ) covering round numbers ?43 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 180
CALIBERS - .429
STRIKING VELOCITIES (f/s) - All

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

243 SIERRA ,JHP 130.0 0.429 1217 16.23

A=-2.49956217E-03
B= 2.55065907E-03
C=-353.3126339531

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SI -0.40 1 0.00

(See also Figure 67)
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TABLE XLVIII

SCAN 55 ( KO 86691 ) covering round numbers 235 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 200
CALIBERS - .429
STRIKING VELOCITIES (f/s) - All

11 rounds satisfy SCAN CODE 55

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

235 HORNAD Y,JHP 200.0 0.429 1108 28.14
236 HORNAD Y,JHP 200.0 0.429 1043 24.20
237 HORNAD Y,JHP 200.0 0.429 971 19.81
238 IIORNAD Y,JHP 200.0 0.429 872 13.29
244 HORNDA YJHP 200.0 0.429 757 7.20
245 HORNDA YJHP 200.0 0.429 1227 53.91
387 SPEER, JHP,44 14AG 200.0 0.429 1128 48.51
388 SPEER, JHP,44 MAG 200.0 0.429 935 27.11
389 SPEER, JHP,44 MAG 200.0 0.429 731 7.66
451 SPEER, JHP,44 MAG 200.0 0.429 1240 56.82
452 SPEER, JHP,44 MIAG 200.0 0.429 1105 39.26

Am 3.666153538256
B 1.69946042E-03
Cm-2163.581009684

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

HO -2.90 6 0.00

SP +4.37 5 100.00

(See also Figure 68)
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TABLE XLIX

SCAN 97 • KO- 86541 ) covering round numbers 370 to 917 with-:

All MANUFACTURERS
CONSTRUCTION CODES JHP
1ASSES (grains) . 225
CALIBERS - .427 to .429
STRIKING VELOCITIES (f/s) - All
RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

384 SPEER, JHP,44 225.0 0.429 V181 46.90385 SPEER, JHP,44 225.0 0.429 997 34.80386 SPEER, JHP,44 225.0 0.429 826 11.17457 SPEER, JHP,44 MAG 225.0 0.429 1167 43.12458 SPEER, J14P,44 MAG 225.0 0.429 1158 38.86S459 SPEER, JHP,44 MAG 225.0 0.429 997 30.90

A=-I .31463143E-02
B= 3.94006022E-03C 2-771.17.312389753

MANUFACTURER AVG DEV NO. PTS. % PTS.POS,

SP -0.67 6 50.00

(See also Figure 69)
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TABLE L

SCAN 96 ( KO- 86571 ) covering round numbers 370 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES SWC
MASSES (grains) - 240
CALIBERS - .427 to .429
STRIKING VELOCITIES (f/s) - All

"6 rounds satisfy SCAN CODE 96

RND. NO. IO MASS(GR) DIAM.(IN) VS(F/S) R1I

381 SPEER SWC,4 4 240.0 0.429 1243 47.23

SWC,4 4 240.0 0.429 1141 27.61
382 SPEER, S7.50
383 SPEER, SWC,4 4 240.0 0.429 872 2.92

454 SPEER SWC,44 MAG 240.0 0.429 1348 25.92

455 SPEER, SWC,44 MAG 240.0 0.429 1007 14.8
456 SPEER* SWC,44 MAG 240.0 0.429 1056 14.48

An 16.95871495063
Bu-4.72439460E-03
Co-9532.68225289

6

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP +1.04 6 50.00

(See also Figure 70)
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TABLE LI

SCAN 95 ( KO- 86593 ) covering round numbers 370 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JSP
MASSES (grains) - 240
CALIBERS - .427 to .429
STRIKING VELOCITIES (f/s) - All

12 rounds satisfy SCAN CODE 95

RND. NO. ID MASS(GR) DIAr4.(IN) VS(F/S) RII

370 SPEER$ JSP,44 MAG 240.0 0.427 1233 76.05
373 SPEER, JSP,44 MAG 240.0 0.429 1085 40.49
374 SPEER, JSP,44 MAG 240.0 0.429 935 28.31
375 SPEER, JSP,44 MAG 240.0 0.429 862 18.57
376 SPEER, JSP044 240.0 0.429 1092 26.59
377 SPEER, JSP,44 240.0 0.429 1204 45.73
378 SPEER, JSP,44 240.0 0.429 1135 33.99
379 SPEER, JSP,44 240.0 0.429 839 13.25
380 SPEER9 JSP,44 240.0 0.429 1302 67.65
449 SPEER$ JSP,44 MAG 240.0 0.429 1213 46.90
450 SPEER, JSP,44 MAG 240.0 0.429 1279 59.77
453 SPEER9 JSP,44 MAG 240.0 0.429 980 16.35

An-3.986962375353
Bx 5.12413614E-03
Ca 2044.717604744

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP +0.72 12 33.33

(See also Figure 71)
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TABLE LII

SCAN 56 ( KO= 86771 ) covering round numbers 239 to 917 with:

ALL MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 240
CALIBERS - .429
STRIKING VELOCITIES (f/s) - ALL

10 rounds satisfy SCAN CODE 56

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

239 HORNAD Y, JHP 240.0 0.429 1118 38.28
240 HORNAD Y, JHP 240.0 0.429 1036 28.83
241 HORNAD Y, JHP 240.0 0.429 994 26.49
242 HORNAD Y, JHP 240.0 0.429 859 14.68
246 HORNAD Y, JHP 240.0 0.429 774 11.19
247 HI-PRECISION, JHP 240.0 0.429 1141 40.86
248 HI-PRECISION, JHP 240.0 0.429 1164 38.09
249 HI-PRECISION, JHP 240.0 0.429 994 27.77
250 HI-PRECISION, JHP 240.0 0.429 889 17.92
251 SIERRA, JHP 240.0 0.429 1210 15.90

An 6.420674639184
B--l.93650849E-05
C--3121.181150618

MANUFACTURER AVG DEV NO. PTS. % PTS. POS.

SI -29.65 1 0.00
HO +0.00 5 60.00
HI +0.06 4 50.00

(See also Figure 72)
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TABLE LIII

SCAN 90 ( KO- 92468 ) covering round numbers 6 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES HEMIJHP
MASSES (grains) - 170
CALIBERS - .45
STRIKING VELOCITIES Wf/s) - All

RND. NO. ID 14ASS(GR) DIAM.(IN) VS(F/S) RII

269 HI-PRE CHEMI JHP 170.0 0.450 1279 41.04
270 HI-PRE C,HEMI JHP 170.0 0.450 1122 32.94
271 HI-PRE C,HEMI JHP 170.0 0.450 951 13.47

AO-4.75961025E-03
B= 3.62057612E-03
Ca-753.9400377023

14ANUFACTURER AVG DEV NO. PTS. % PTS.POS.

HI -0.57 3 66.66

(See also Figure 73)
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TABLE LIV

SCAN 123 ( KO- 90861 ) covering round numbers 917 to 924 with:

ALL MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 185
CALIBERS - 45
STRIKING VELOCITIES (f/s) - ALL

7 rounds satisfy SCAN CODE 123

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

918 REM, JHP, 45AC P 185.0 0.450 1109 40.41
919 REM, JHP, 45AC P 185.0 0.450 1155 46.35
920 REM, JHP, 45AC P 185.0 0.450 1180 54.65
921 REM, JHP, 45AC P 185.0 0.450 1088 38.30
922 REM, JHP, 45AC P 185.0 0.450 1009 36.04
923 REM, JHP, 45AC P 185.0 0.450 933 22.00
924 REM, JHP, 45AC P 185.0 0.450 805 8.88

A= 17.87498265475
B=-5.17721571E-03
C=-9269.667489503

MANUFACTURER AVG DEV NO. PTS. % PTS. POS.

RE +0.08 7 28.57

(See also Figure 74)
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TABLE LV

SCAN 103 (KO= 91024 ) covering round numbers 857 to 917 with:

All ANUFACTURERS
CONSTRUCTION CODES WC
MASSES (grains) - 185
CALIBERS - .45 to .454
STRIKING VELOCITIES (f/s) - All

RND. NO. ID MASS(GR) DIAf4.(IN) VS(F/S) RII

834. RErWC ,45ACP 135.0 0.451 1230 22.06

An-2.641 93664E-0Z
B= 2,79817047E-1)3
C=-175.5762192963

4ANUFACTIJRER AVG DEV NO. PTS. % PTS.POS.

RE -4.34 1 0.00

(See also Figure 75)
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TABLE LVI

SCAN 80 ( KOm 91291 ) covering round numbers 335 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES SWC
MASSES (grains) - 200
CALIBERS - .45 to .454
STRIKING VELOCITIES (f/s) - All

RND. NO. ID 14ASS(GR) DIAM.(IN) VS(F/S) RII

515 SPEER, SWC,4 5CAL 200.0 0.453 1489 39.32516 SPEER, SWC,4 5CAL 200.0 0.453 1210 15.33517 SPEER, SWC,4 5CAL 200.0 0.453 1026 15.58

A=-4.37:36 3520E-03
3= 2.41496855E-03
C= 87.48117692936

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP -0.33 3 66.66

(See also Figure 76)
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TABLE LVII

SCAN 104 ( KO= 121291 ) covering round numbers 515 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 200
CALIBERS - .45 to .454
STRIKING VELOCITIES (f/s) - 0 to 3000

5 rounds satisfy SCAN CODE 104

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

518 SPEER, JHP,4 5CAL 200.0 0.453 1509 94.37
519 SPEER, JHP,4 5CAL 200.0 0.453 1227 53.12
520 SPEER, JHP,4 5CAL 200.0 0.453 1046 39.71
521 SPEER, JHP,4 5CAL 200.0 0.453 928 24.78
522 SPEER, JHP,4 5CAL 200.0 0.453 620 5.48

An 5.877362611534
B= 2.93918304E-04
C=-2701.609584763

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP +0.05 5 40.00

(See also Figure 77)
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TABLE LVIII

SCAN 81 C KO 91341 ) covering round numbers 335 to 917 with:

All MANUFACTURERS
CONSTRUCTION CODES JHP
MASSES (grains) - 225
CALIBERS - .45 to .454
STRIKING VELOCITIES (f/s) - All

4 rounds satisfy SCAN CODE 81

RND. NO. ID 4ASS(GR) DIAM.(IN) VS(F/S) RII

510 SPEER, JHP,45 CAL 225.0 0.453 1387 73.97
512 SPEER, JHP,45 CAL 225.0 0.453 1217 36.15
513 SPEER, JHP,45 CAL 225.0 0.453 1108 50.08
514 SPEER, JHP,45 CAL 225.0 0.453 954 22.72

An 5.374178693116
B 4.83344163E-04
C--2527.46017364

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP +0.98 4 50.00

(See also Figure 78)
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TABLE LIX

SCAN 57 ( KO- 9155,1 ) covering round numbers 69 to 917 with:
AlIl MANUFACTURERSCONSTRUCTION CODES Fj F1iJMASSES (grains) - 230
CALIBERS - .45 to .454STRIKING VELOCITIES (f/s) - All
RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII

6g W-W,F J,.45 AUTO 230.0 0.453 1059 12.51334 W-W4,F 14J,.4 5ACP 230.0 0.451 1164 12.42
A=-4. 4436001OE-03
8- 2.77197163E-03
C=-536.591 547832

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

--112 2 50.00

(See also Figure 79)
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TABLE LX

SCAN log (KO- 91104 ) covering round numbers 857 to 917 with:
!- All MANUFACTURERS

CONSTRUCTION CODES MCMASSES (grains) - 230
CALIBERS - .45 to .454
STRIKING VELOCITIES (f/s) All
RND. NO. IO MASS(GR) DIAM,(IN) VS(F/S) Ru

885 REOMC ,45ACP 230.0 61.450 1243 21.30

A=-2.79T82674E-03
BS 2.92603370E-03
C=-615.09777361.53

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

RE -1.81 1 0.00

(See also Figure 80)
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TABLE LXI

SCAN 105 (KO 91391 ) covering round numbers 520 to 917 with:

Al1 14ANUFACTURERS
CONSTRUCTION CODES SWC
MASSES (grains) - 250
CALIBERS - .45 to .454
STRIKING VELOCITIES (f/s) - All

RND. NO. ID MASS(GR) DIAM.(MJ) VS(F/S) RII

523 SPEER, SWC,4 5CAL 250.0 0.453 1384 78.37
524 SPEER, SWC,4 5CAL 250.0 0.453 1305 44.08
525 SPEER, SWC,4 5CAL 250.0 0.453 1223 34.17

A -2.14004139E-03

B= 3.26195539E-03
C=-421.5422303956

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

SP -0.03 3 33.33

(See also Figure 81)
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TABLE LXII

"* SCAN 92 (KO- 91733 ) covering round numbers 6 to 917 with:

AllI MANUFACTURERS
CONSTRUCTION CODES L LRN RN* MASSES (grains) - 255
CALIBERS - .45 to .454
STRIKING VELOCITIES (f/s) - All

RND. NO. ID MASS(GR) DIAM.(IN) VS(F/S) RII
329 W-W,L RN,.4 5ACP 255.0 0.451 1099 13.26
330 W-WL RN,.4 5ACP 255.0 0.451 1230 15.57

A=-8.73011535E-03
B= 2.60455964E-03
Co-237.2171301171

MANUFACTURER AVG DEV NO. PTS. % PTS.POS.

1W- -2.63 2 0.00

(See also Figure 82)
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TABLE LXIV. Effective Coefficients for Typical

Bullet Shapes Assuming No Deformation

IC
D • Typical Bullets

.3 Ball (full jacket) parabolic nose,
power point

.37 Round nose, sphere, or hemi

.45 Semi-wadcutter, jacketed soft point
1.2 Wadcutter

TABLE LXV. Matrix of Nondeforming Projectiles
Examined with the Cavity Model

Caliber Drag Coefficients Mass (grains)

.357 110
.30, .37, .45, 1.2 125

158
.37 166 (Lead sphere)

.45 185

.30, .37, .45, 1.2 210

230

.37 .30 (Lead sphere)
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TABLE LXVI

*1-

"0 '

Caliber U .. -0J..O
O O4 ~ ý'4 W 1%4 0

Class a C =4 ,. 39 o,

22 LR
to R R P p P P R R P

32 ACP R R

"38 SP
to R R P P P P R R P

357 HAG R R

41 MAG
through R R P p p p R P P

45 CAL R R R

P = penetration possible
R = lethal ricochet possible
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet and return it to Director, US Army Ballistic Research
Laboratory, ARRADCOM, ATIN: DRDAR-TSB, Aberdeen Proving Ground,
Maryland 21005. Your comments will provide us with information
for improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

S. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)_

6. If you would like to be contacted by the personnel who prepared
j ithis report to raise specific questions or discuss the topic,[ please fill in the following information.

Name:

Telephone Number:

Organization Address:


