


   Appendix A


    Ammunition


  
     This appendix discusses the characteristics and capabilities of pistol ammunition.




   SMALL ARMS AMMUNITION CARTRIDGE


   A-1. Ammunition for use in the pistol is described as a cartridge. A small arms cartridge is an assembly consisting of a cartridge case, a primer, a quantity of propellant, and a bullet. The following terminology describes the general components of the pistol cartridge:



	Cartridge case. The cartridge case is a brass, rimless, center-fire case that provides a means to hold the other components of the cartridge.


  	Propellant. The propellant (or powder) provides the energy to propel the projectile through the barrel and downrange towards a target through combustion.


  	Primer. The primer is a small explosive charge that provides an ignition source for the propellant.


  	Bullet. The bullet or projectile is the only component that travels to the target.






   Note. Dummy cartridges are composed of a cartridge case and bullet, with no primer or propellant.




   CARTRIDGE CASE


   A-2. Service pistols use rimless cartridge cases, which have extraction grooves. These cases are designed to support center-fire operation, where the primer is located in a small well in the center of the cartridge case head.


   A-3. Center-fire cases have a centrally located primer pocket in the base of the case, which separates the primer from the propellant in the cartridge case. These cases are designed to withstand pressures generated during firing and are used for all small arms except caliber .22.


   A-4. All 9-mm ammunition uses the rimless cartridge case. The rim diameter is the same as the case body and has an extractor groove. This design allows for the stacking of multiple cartridges in a magazine.


   A-5. When the round is fired, the cartridge case assists in containing the burning propellant. The gases created expand the cartridge case tightly to the chamber walls to provide rear obturation.


    PROPELLANT


   A-6. Cartridges are loaded with various propellant weights that impart sufficient velocity, within safe pressure, to obtain the required ballistic projectile performance. The propellants are either a single-base (nitrocellulose) or double-base (nitrocellulose and nitroglycerine) composition.


   A-7. The propellant may be a single-cylindrical or multiple-perforation, a ball, or a flake design to facilitate rapid burning. Most propellants are coated to assist the control of the combustion rate. A final graphite coating facilitates propellant flow and eliminates static electricity in loading the cartridge.


   A-8. There are four different types of solid-propellant composition; single-based, double-based, triple-based, and composite. Small arms ammunition uses predominantly double-based solid propellants in military grade cartridges.


   A-9. Double-based propellants consist of nitrocellulose with nitroglycerin or other liquid organic nitrate explosives added. Stabilizers and other additives are used to control the chemical stability and enhance the propellant’s properties. Nitroglycerin reduces smoke and increases the chemical energy output of the propellant composition.


   PRIMER


   A-10. Center-fire small arms cartridges contain a percussion primer assembly. The assembly consists of a brass or gilding metal cup. The cup contains a pellet of sensitive explosive material secured by a paper disk and a brass anvil.


   A-11. The weapon firing pin striking the center of the primer cup base compresses the primer composition between the cup and the anvil, which causes the composition to explode. Holes or vents located in the anvil or closure cup allow the flame to pass through the primer vent, igniting the propellant.


     BULLET


   A-12. The bullet is a cylindrically shaped lead or alloy projectile that engages the rifling of the barrel. The bullets used today are either lead (lead alloy), or assemblies of a jacket and lead. Some projectiles may be manufactured from plastic, wax, or plastic binder, and metal powder, two or more metal powders, or various combinations based on the cartridge’s use.


   SPECIFICATIONS


   A-13. Figure A-1 shows the traits of the M882 ball round. For more information on data and characteristics for small-caliber ammunition, see TM 43-0001-27, Army Ammunition Data Sheets for Small Caliber Ammunition (Federal Supply Class 1305) (Reprinted W/Basic INCL C1-13).
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 Figure A-1. M882 ball round


 





    Appendix B


    Ballistics


  
     Ballistics is the science of the processes that occur from the time a firearm is fired to the time when the bullet impacts its target. Soldiers must be familiar with the principles of ballistics as they are critical in understanding how the projectiles function, perform during flight, and the actions of the bullet when it strikes the intended target. The profession of arms requires Soldiers to understand their weapons, how they operate, their functioning, and their employment.




  BALLISTICS CATEGORIES


   B-1. The flight path of a bullet includes three stages: the travel down the barrel, the path through the air to the target, and the actions the bullet takes upon impact with the target. These stages are defined in separate categories of ballistics: internal, external, and terminal ballistics.


    INTERNAL BALLISTICS


   B-2. Internal ballistics is the study of the propulsion of a projectile. Internal ballistics begin from the time the firing pin strikes the primer to the time the bullet leaves the muzzle. Once the primer is struck the priming charge ignites the propellant. The expanding gases caused by the burning propellant create pressures which push the bullet down the barrel. The bullet engages the lands and grooves (rifling) imparting a spin on the bullet that facilitates stabilization of the projectile during flight. Internal ballistics ends at shot exit, where the bullet leaves the muzzle.


   B-3. Several key terms are used when discussing the physical actions of internal ballistics —



	Bore. The interior portion of the barrel forward of the chamber.


	Chamber. The part of the barrel that accepts the ammunition for firing.


	Grain (gr). A unit of measurement of either a bullet or a projectile. There are 7000 grains in a pound, or 437.5 grains per ounce.


	Pressure. The force developed by the expanding gasses generated by the combustion (burning) of the propellant. Pressure is measure in pounds per square inch (psi).


	Shoulder. The area of the chamber that contains the shoulder, forcing the cartridge and projectile into the entrance of the bore at the throat of the barrel.


	Muzzle. The end of the barrel.


	Throat. The entrance to the barrel from the chamber. Where the projectile is introduced to the lands and grooves within the barrel.




   EXTERNAL BALLISTICS


   B-4. External ballistics is the study of the physical actions and effects of gravity, drag, and wind along the projectile’ s flight to the target. Exterior ballistics includes only those general physical actions that cause the greatest change to the flight of a projectile. External ballistics begins at shot exit and continues through the moment the projectile strikes the target.


   B-5. Soldiers use the following terms and definitions to describe the actions or reactions of the projectile during flight. This terminology below is standard when dealing with any weapon or weapon system, regardless of caliber.



	Axis of the bore (line of bore). The line passing through the center of the bore or barrel.


	Line of sight (LOS) or gun target line. A straight line between the sights or optics and the target. The LOS is never the same as the axis of the bore. The LOS is what the Soldier sees through the sights and can be illustrated by drawing an imaginary line from the firer’s eye through the rear and front sights out to infinity. The LOS is synonymous with the gun target line when viewing the relationship of the sights to a target.


	Line of elevation (LE). The angle from the ground to the axis of the bore.


	Ballistic trajectory. The path of a projectile when influenced only by external forces, such as gravity and atmospheric friction.


	Maximum ordinate. The maximum height the projectile travels above the line of sight on its path to the point of impact.


	Time of flight. The time taken for a specific projectile to reach a given distance after firing.


	Jump. Vertical jump in an upward and rearward direction caused by recoil.


	Line of departure (LD). The line the projectile is on at shot exit.


	Muzzle. The end of the barrel.


	Muzzle velocity or velocity. The velocity of the projectile measured at shot exit. Muzzle velocity decreases over time due to air resistance. For small arms ammunition, velocity (V) is represented in feet per second.


	Twist rate. The rotation of the projectile within the barrel of a rifled weapon based on the distance to complete one revolution. The twist rate relates to the ability to gyroscopically spin-stabilize a projectile on rifled barrels, improving its aerodynamic stability and accuracy. The twist rate of the M9 pistol is a right-hand, six groove (approximately one turn in ten inches, or R 1:10 inches).


	Shot exit. The moment the projectile clears the muzzle of the barrel, when the barrel no longer supports the bullet.


	Oscillation. The movement of the projectile in a circular pattern around its axis during flight.


	Drift. The lateral movement of a projectile during its flight caused by its rotation or spin.


	Yaw. A deviation from stable flight by oscillation. Cross wind or destabilization when the projectile enters or exits a transonic stage can cause yaw.


	Grain (gr). A unit of measurement of either a bullet or a propellant charge. There are 7000 grains in a pound, or 437.5 grains per ounce.


	Pressure. The force the expanding gases generate from the combustion (burning) of the propellant. For small arms, pressure is measured in pounds per square inch (psi).


	Gravity. The constant pressure of the earth on a projectile at a rate of about


	9.8 meters per second squared, regardless of the projectile’s weight, shape or velocity. Commonly referred to as bullet drop, gravity causes the projectile to drop from the line of departure.


	Drag (air resistance). The friction that slows the projectile down while moving through the air. Drag begins immediately upon the projectile exiting the barrel (shot exit). Drag slows the projectile’s velocity over time, and is most pronounced at extended ranges. Each round has a ballistic coefficient that is a measurement of the projectile’s ability to minimize the effects of air resistance (drag) during flight.


	Trajectory. The path of flight that the projectile takes upon shot exit over time. For the purposes of this manual, the trajectory ends at the point of impact.


	Wind. Wind has the greatest variable effect on ballistic trajectories. The effects of wind on a projectile are most noticeable in three key areas between half and two-thirds the distance to the target:


	Time (T). The amount of time the projectile is exposed to the wind along the trajectory. The greater the range to target, the greater time the projectile is exposed to the wind’s effects.



	Direction. The direction of the wind in relation to the axis of the bore.



	The relation compensates for direction of the projectile’s drift.


	Velocity (V).The speed of the wind during the projectile’s trajectory to the target. Variables in the overall wind velocity affecting a change to the ballistic trajectory include sustained rate of the wind and gust spikes in velocity.











 Note. Wind isn’t applicable to the pistol due to the relative short range engagements with a pistol.





   TERMINAL BALLISTICS


   B-6. Terminal ballistics is the science of the actions of a projectile from the time it strikes an object until it comes to rest (called terminal rest). This includes the terminal effects that take place against the target.



	Kinetic energy (KE). A unit of measurement of the delivered force of a projectile. Kinetic energy is the delivered energy that a projectile possesses due to its mass and velocity at the time of impact. Kinetic energy is directly related to the penetration capability of a projectile against the target.


	Penetration. The ability or act of a projectile to enter a target’s mass based on its delivered kinetic energy. When a projectile strikes a target, the level of penetration into the target is termed the impact depth. The impact depth is the distance from the point of impact to the moment the projectile stops at its terminal resting place. Ultimately, the projectile stops when it has transferred its momentum to an equal mass of the medium (or arresting medium).




   B-7. Against any target, penetration is the most important terminal ballistic consideration. Soldiers must be aware of the penetration capabilities of their ammunition against their target, and the most probable results of the terminal ballistics.


  ACTIONS AFTER TRIGGER SQUEEZE


   B-8. Once the trigger is squeezed, the ballistic action begins. Although not all ammunition and weapons operate in the same manner, the following list describes the general events that occur on the M9 pistol when the trigger is squeezed.



	The hammer strikes the rear of the firing pin.


	The firing pin is pushed forward, striking the cartridge percussion primer assembly.


	The primer is crushed, pushing the primer composition through the paper disk, and on to the anvil, detonating the primer composition.


	The burning primer composition is focused evenly through the primer cup vent hole, igniting the propellant.


	The propellant bums evenly within the cartridge case.


	The cartridge case wall expand from the pressure of the burning propellant, firmly locking the case to the chamber walls.


	The expanded cartridge case, held firmly in place by the chamber walls and the face of the bolt provide rear obturation, keeping the burning propellant and created expanding gasses in front of the cartridge case.


	The projectile is forced by the expanding gasses firmly into the lands and grooves at the throat of the bore, causing engraving.


	Engraving causes the scoring of the softer outer jacket of the projectile with the lands and grooves of the bore. This allows the projectile to spin at the twist rate of the lands and grooves, and provides a forward obturation seal. The forward obturation keeps the expanding gasses behind the projectile in order to push it down the length of the barrel.


	As the propellant continues to bum, the gasses created continue to seek the path of least resistance. As the cartridge case is firmly seated and the projectile is moveable, the gas continues to exert its force on the projectile.


	As the end of the projectile leaves the muzzle, it is no longer supported by the barrel itself. Shot exit occurs.


	Upon shot exit, most of the expanding and burning gasses move outward and around the projectile, causing the muzzle flash.


	At shot exit, the projectile achieves its maximum muzzle velocity. From shot exit until the projectile impacts an object, the projectile loses velocity at a steady rate due to air resistance.


	As the round travels along its trajectory, the bullet drops consistently by the effects of gravity.


	As the actual line of departure is an elevated angle from the line of sight, the projectile appears to rise and then descend. This rise and fall of the projectile is the trajectory.


	The round achieves the highest point of its trajectory typically over half way to the target, depending on the range to target. The high point is called the round’s maximum ordinate (max ord).


	From the maximum ordinate, the projectile descends into the target.


	The round strikes the target at the point of impact, which, depending on the firing event, may or may not be the desired point of impact, and is seldom the point of aim.


	Once the projectile strikes a target or object, it delivers its kinetic energy (force) at the point of impact.




   TERMINAL BALLISTICS BEGIN


   B-9. Once terminal ballistics begin, no bullets follow the same path or function. Generally speaking, each projectile penetrates objects where the delivered energy (mass times velocity squared, divided by 2) is greater than the mass, density, and area of the target at the point of the delivered force. Other factors, such as the angle of attack, yaw, and oscillation, and other physical considerations are not included in this ballistic discussion.


    SOFT TISSUE PENETRATION


   B-10. A gunshot wound, or ballistic trauma, is a form of physical damage sustained from the entry of a projectile. The degree of tissue disruption caused by a projectile is related to the size of the cavities the projectile creates as it passes through the target’s tissue. When striking a personnel target, there are two types of cavities created by the projectile: permanent and temporary wound cavities.


   Permanent Wound Cavity


   B-11. The permanent cavity refers specifically to the physical hole left in the tissues of soft targets by the pass-through of a projectile. It is the total volume of tissue crushed or destroyed along the path of the projectile within the soft target.


   B-12. Depending on the soft tissue composition and density, the tissues are either elastic or rigid. Elastic organs stretch when penetrated, leaving a smaller wound cavity. Organs that contain dense tissue, water, or blood are rigid, and can shatter from the force of the projectile. When a rigid organ shatters from a penetrating bullet, it causes massive blood loss within a larger permanent wound cavity. Although typically fatal, striking these organs may not immediately incapacitate the target.


    Temporary Wound Cavity


   B-13. The temporary wound cavity is an area that surrounds the permanent wound cavity. It is created by soft, elastic tissues as the projectile passes through the tissue at greater than 2000 feet per second. The tissue around the permanent cavity is propelled outward (stretched) in an almost explosive manner from the path of the bullet. This forms a temporary recess or cavity 10to 12 times the bullet’s diameter.


   B-14. Tissue such as muscle, some organs, and blood vessels are elastic and can be stretched by the temporary cavity with little or no damage and have a tendency to absorb the projectile’s energy. The temporary cavity created slowly reduces in size over time, although typically not returning completely to the original position or location.


   


   Note. Projectiles that do not exceed 2000 feet per second velocity on impact do not provide sufficient force to cause a temporary cavity capable of incapacitating a threat.




   B-15. The extent of the cavitation (the bullet’s creation of the permanent and temporary cavities) is related to the characteristics of the projectile:



	Kinetic energy (KE). The delivered mass at a given velocity. Higher delivered kinetic energy produces greater penetration and tissue damage.


	Yaw. Any yaw at the point of impact increases the projectiles surface area that strikes the target, decreasing kinetic energy, but increasing the penetration and cavity size.


	Deformation. The physical changes of the projectile’s original shape and design due to the impact of the target. Deformation increases the projectile’s surface area and the size of the cavity created after penetration.


	Fragmentation. The fracturing of a projectile into multiple pieces or subprojectiles. The multiple paths of the fragmented subprojectiles are unpredictable in size, velocity, and direction. The bullet jacket, and for some types of projectiles, the lead core, fracture creating small, jagged, sharp edged pieces that are propelled outward with the temporary cavity. Fragments can sever tissue and causing large explosive-type damage to the body. Bone fragments caused by the bullet’s strike can have the same effect.


	Tumbling. Tumbling is the inadvertent end-over-end rotation of the projectile. As a projectile tumbles as it strikes the target, the bullet travels through the tissues with a larger diameter. Tumbling causes a more severe permanent cavity as it passes through the soft tissue. A tumbling projectile can change direction erratically within the body due to its velocity and tendency to strike dense material with a larger surface area.




   B-16. Once inside the target, the projectile’s purpose is to destroy soft tissues with fragmentation. The ball ammunition is designed to not flatten or expand on impact, which would decrease velocity and delivered energy.


   Incapacitation


   B-17. Incapacitation with direct fire is the act of ballistically depriving a target of the ability, strength, or capability to continue its tactical mission. To assist in achieving the highest probability of incapacitation with a single shot, the projectile is designed with the ability to tumble, ricochet, or fragment after impact.


   B-18. The projectile or its fragments then must hit a vital, blood-bearing organ or the central nervous system to effectively incapacitate the threat. The projectile’s limited fragmentation potential after entry maximizes the soft tissue damage and increases the potential for rapid incapacitation.


 Lethal Zones


   B-19. The Soldier’s primary point of aim at any target by default is center of visible mass, which allows for a tolerance that includes the greatest margin of error with the highest probability of a first-round hit. The combat conditions may require more precise fires at partially exposed targets or targets that require immediate incapacitation.


   B-20. Ideally, the point of aim is anywhere within a primary switch area. This point maximizes the possibility of striking major organs and vessels, rendering a clean, one-shot kill (see figure B-1 on page B-8).
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 Figure B-1. Lethal zone example


   B-21. Shots to the head should be weighed with caution. The head is the most frequently moved body part and is the most difficult to hit with precision. Soldiers should consider shots to other exposed body parts, such as the pelvic area.


   B-22. Shots to the pelvic area are used when the target is not completely visible or when the target is wearing body armor that prevents the Soldier from engaging the primary zone. This area is rich in large blood vessels and a shot here has a good possibility of impeding enemy movement by destroying the pelvis or hitting the lower spine.



	Circuitry shots (switches).


	Hydraulic shots (timers).




   Circuitry Shots (Switches)


   B-23. Circuitry shots, or switches, are strikes to a target that deliver its immediate incapacitation. Immediate incapacitation is the sudden physical or mental inability to initiate or complete any physical task. To accomplish this, the central nervous system must be destroyed by hitting the brain or spinal column. All bodily functions and voluntary actions cease when the brain is destroyed and if the spinal column is broken, all functions cease below the break.


  Hydraulic Shots (Timer)


   B-24. Hydraulic shots, or timers, are impacts on a target where immediate incapacitation is not guaranteed. These types of ballistic trauma are termed timers because after the bullet strikes, the damage caused requires time for the threat to have sufficient blood loss to render them incapacitated. Hydraulic shots, although ultimately lethal, allow for the threat to function in a reduced capacity for a period of time.


   


   Note. For hydraulic shots to eliminate the threat, they must cause a 40 percent loss of blood within the circulatory system. If the shots do not disrupt that flow at a rapid pace, the target can continue their mission. Once two liters of blood are lost, the target transitions into hypovolemic shock and becomes incapacitated.


     


     





 
     Appendix C


     Complex Engagements


 
    This appendix provides detailed information on complex engagements with the service pistol to include limited visibility engagements, rifle to pistol transitions, engaging a moving target, and chemical, biological, radiological, and nuclear (CBRN) operations.




  LIMITED VISIBILITY


   C-1. Image intensifies, IR pointers, and thermal optics can be used in conjunction with a pistol. The Soldier can be wearing the AN/PSQ-20 enhanced night vision goggle and using the AN/PEQ-14 at the same time.


   SECONDARY WEAPON LIGHT


   C-2. A weapon-mounted light is required and can enhance a Soldier's lethality in conducting low-light operations with a pistol. (See figure C-1.) Not only is this beneficial in an urban environment, but also in subterranean environments (tunnels). Lights can disorient or blind a target temporarily, or it can be used as a control technique. To search and scan a room or tunnel, Soldiers should use short, sweeping motions in tandem with other members of the team.
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 Figure C-1. Weapon mount and flashlight



	Ensure the holster has a secure cap on the bottom so if the light goes off accidentally you are not compromised.


  	Soldiers should focus their beam prior to mission, too wide of a beam can prevent Soldiers from seeing details as clearly as possible.


  	Protect the flashlight lens from carbon buildup by smearing it with a waxy substance such as the lip balm that is readily available through supply channels.






   Note. Install the lights on both your primary and secondary weapons so you can operate either light with either hand.

   


     PRIMARY WEAPON LIGHT


   C-3. Even if the primary weapon malfunctions, the Soldier can still use the light source on that weapon. The Soldier would support the primary weapon with the nonfiring arm. The Soldier would aim the light source from the primary weapon at the target, and then draw, present, and fire the secondary weapon using the single-hand grip.


  PRIMARY TO SECONDARY TRANSITION


   C-4. In close quarters, if the Soldier experiences any of the following malfunctions:



	Light recoil.


	Dead trigger.


	Click, no bang.




   C-5. Then the Soldier—



	Tries to put the rifle on safe.


	Moves firing hand to the pistol.


	Indexes pistol.


	Using supporting hand, moves primary weapon down and out of the way.



   Note. Ensure location of primary

   



   	With the firing hand, draws and presents the pistol towards target.


   	With supporting hand, meets and greets the pistol.


   	Finishes presentation.




   

   

   
   


   MOVING TARGETS


   

     TRACKING METHOD
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    TRAPPING METHOD


   

   


	Select an aiming point ahead of the target, which is where to set the trap.


	Obtain sight alignment on the aiming point.


	Hold sight alignment until the target moves into vision and the desired sight picture is established.


	Engage the target once sight picture is acquired.


	Follow-through so the pistol sights are not disturbed as the bullet exits the muzzle.
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     OBLIQUE TARGETS


   

     EVASIVE TARGETS


   

    LIMITED EXPOSURE TARGETS


   

   CHEMICAL OPERATIONS
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