BALLISTICS FAQ

Ballistics refers to the science that deals with the motion, behavior, and effects of projectiles.  Ballistics are a critical part of death investigations in which the victim died from a gunshot wound(s).  This FAQ explains the key points to analyze in such cases.

	OVERVIEW

	What happens when a gun is fired?


	When a gun is fired, the bullet leaves the muzzle of the gun, and streaks of gunpowder particles and a cloud of soot exit the barrel, as shown in the figure below. 
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	ENTRY AND EXIT WOUNDS

	What is the significance of the bullet’s entrance wound(s) and exit wound(s)? 
	When conducting an autopsy on a gunshot victim, the coroner or medical examiner always identifies the entrance wound(s) and, if applicable, exit wound(s) made by the bullet(s). In most cases, the information is recorded but not critical to determining the cause or circumstances surrounding the death.  For example, if the person was shot by a single bullet and the entrance wound and exit wound match the accounts told by witnesses at the scene, then the entrance and exit wound data is not critical to answering unresolved questions about the case.  

However, in certain cases, identifying the entrance and exit wounds can be vital to solving the mystery surrounding a person’s death.  For example, identifying entrance and exit wounds can confirm theories about whether a person was shot from behind while running from the shooter or shot from the front while defending him/herself.    

Another example of when entrance and exit wound data could be of critical importance to a case is when there is speculation about multiple shooters.  Under these circumstances, examining the entrance and exit wounds can possibly confirm or refute theories about who was responsible for the shooting.  Or, in cases like President Kennedy’s assassination it can add to the controversy.  

	How do I distinguish between an entrance wound and an exit wound when examining a gunshot victim?
	Given the difficulty in distinguishing between an entrance and exit wound, only a forensics specialist can make such a determination.  Generally speaking, the entrance wound is round with marginal abrasion.  By the time the bullet has traveled through the body, it has lost a lot of energy.  As a result, the exit wound is not round like the entrance wound.  Instead, it appears as more of a slit in the skin or a laceration.



	What is the significance of a bullet’s path through the body?  
	Once the bullet enters the body, it travels like a motorboat through water, leaving a  wake of internal damage along its path relative to the bullet's mass and energy. The bullet’s actual path through the body is very important to establish because it may help indicate the gunshot victim’s level of functional ability after s/he was wounded (e.g., if shot in the brain stem the victim would die instantly, if shot in the hand the victim could still run away from the scene).  This information is quite important, for example, in court cases where juries may need to establish specific details of what may have happened at the crime scene.
It is worth noting, however, that the bullet’s path through the body is not an indication of the path the bullet took from the muzzle of the gun to the entrance wound on the victim’s body.  It does not reveal anything about where the shooter was standing or what position the victim was in at the time of the shooting.  When people are being shot at, they may tend to run, duck, and hide.  A gunshot wound on the top of the head does not mean the shooter was above the victim, but may indicate the victim was ducking at the time of the shooting.

	BALLISTICS TESTING

	What is meant by range of fire and why is it important in a death investigation?
	In a death investigation, “range of fire” refers to the approximate distance between the gun and the victim at the time the weapon was fired.  In some cases (e.g., when the manner of death is unclear), the range of fire can play an important role in determining how the victim died and/or who shot the victim.   
Range of fire is divided into four distinct categories based on the distance and type of weapon used.  Note that within a given range

Contact range: muzzle of the gun has direct contact with the skin when fired.

Close range: gun is fired from a range of up to 6 inches from the body.  

Intermediate range: gun is fired from a range of 6 inches to 3 feet from the body.  

Distant range: gun is fired from a distance of more than 3 feet from the body.  

These ranges are dependent on the gun and type of ammunition used.  Generally, smaller weapons (e.g., 22 caliber handguns and rifles) have less gunpowder and less energy than larger weapons (e.g., 45 caliber guns or high powered rifles like 30-06s and AK47s) which have more gunpowder and more energy.  So, in smaller weapons, the ranges listed above are on the lower end of the spectrum than the corresponding ranges would be with a larger weapon.

	How do I determine range of fire?
	

	You can determine range of fire by analyzing the pattern of gunpowder residue left on the clothing that covered the bullet wound of the gunshot victim.  That pattern varies depending on how far away the shooter was from the victim when s/he fired the weapon.  In most cases you cannot see the nitrite pattern just by looking at the clothing, so to analyze the pattern the victim’s clothing must be treated using the Modified Griess Test.  The test result reveals the nitrite residue pattern left behind by the gun.  This is an important step in the process, but it does not tell you how far away the shooter was when the weapon was fired.    

To properly assess the distance, a firearms specialist creates test fire patterns at a firing range.  S/he shoots the weapon (i.e., the same gun and ammunition used in the crime) at a series of blank canvas targets from varying distances (e.g., contact range, close range, intermediate range, etc.).  Each test fire pattern leaves distinct markings of gunpowder residue on the target canvas based on the distance from which the weapon was fired.  

The firearms specialist then compares the test fire patterns to the gunpowder residue patterns of the victim’s clothing that resulted from the Modified Griess Test.  When s/he finds a pattern that matches (or most closely matches), s/he can note the distance from which the test pattern was created and conclude the distance from which the weapon was fired at the gunshot victim.    

To recap, the main steps involved in determining range of fire are:

1. Obtain the gunshot victim’s clothing. 

2. Conduct a Modified Griess Test on the victim’s clothing to obtain a nitrite residue pattern 
3. Create test fire patterns using the same type of weapon and ammunition as used in the case.  A firearms specialist fires the gun at cloth targets from varying distances that fall between contact range and distant range (see figure).  These test fire patterns are sometimes called witness panels.  
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4. Compare Griess Test result to test fire patterns.  Look for the closest match between the nitrite residue pattern on the victim’s clothing (i.e., the results of the Griess Test) and the various test fire patterns.  When you find the closest match, note the distance from which the test fire pattern was created.  That distance is the “range of fire”, or the distance from which the weapon was fired at the gunshot victim.   
NOTE: The figure featured here shows sample test fire distances for illustration purposes.  An actual ballistics report will state the exact distance from which the firearms specialist fired the gun to create the test fire patterns.



	How does the process for determining range of fire change if the entrance wound is not covered by clothing? 
	If the entrance wound is not covered by clothing, the process for determining range of fire differs slightly from that described above.  Instead of comparing the test fire patterns to the results of the Griess Test performed on the victim’s clothing sample, you would compare the test fire patterns to the victim’s skin at the entrance wound. 

The nitrite patterns of the Griess Test described above correspond to the information that stippling provides when looking at the victim’s skin in cases where the wound was not covered by clothing.  The rest of the process remains the same. 

	How do I detect gunpowder residue?
	Gunpowder residue is a term used to describe the material expelled from the barrel of the gun when it is fired.  It is made up of the following components:

1) Soot from burned gunpowder particles 

2) Nitrites from unburned or partially burned gunpowder and 

3) Lead from lead vapor.

Soot is detectable by a visual inspection of the skin and/or clothing surrounding the entrance wound.  However, nitrites and lead are invisible, so special tests are performed to detect the presence of these components of gunpowder residue on material such as clothing.  The Griess Test identifies the presence of nitrites.  The Sodium Rhodizonate test is done to determine the presence of lead . Neither the Griess Test nor the Sodium Rhodizonate test can be performed directly on skin; however, in certain cases these tests may be performed on material to confirm that a bullet has traveled through the material in question.  For example, in a case where a victim is shot in a car, the Sodium Rhodizonate Test would confirm whether or not a bullet traveled through the material that covered the seat where the victim was sitting.      

Terminology note: Gunpowder residue that is expelled from the barrel of the gun when it is fired is sometimes referred to as “gunshot residue”.  This terminology can be confusing, because “gunshot residue” may also be used to describe particles of fused barium, antimony and lead that come from the primer of the bullet cartridge and may be detected on the hands (or even clothing) or someone who has recently fired a gun.  See the following explanation about gunshot residue tests.  



	How do I detect gunshot residue?
	A gunshot residue test (not to be confused with the above tests used to detect the presence of gunpowder particles) indicates the presence of gunshot primer residue that comes from the primer of the bullet cartridge which stays in the gun when the bullet is fired.  A GSR test is done by swabbing the hands of a person who is suspected of having fired the weapon used to commit a crime.  If particles of fused barium, antimony and lead are detected on the swab, the test result is positive for gunshot residue.
The GSR test is not typically included in the standard ballistics test, but is instead performed at the crime scene.

	How does the ballistics test for gunpowder residue differ from the test for gunshot residue? 
	Gunpowder is projected from the gun when the bullet is fired and travels a limited distance away from the gun in the direction in which the bullet was fired.  That is why the tests to determine the presence of gunpowder are typically done on the victim’s clothing.  Specifically, the Sodium Rhodizonate Test detects the presence of lead particles and lead vapor while the Griess Test detects the presence of nitrites.  While both tests are always positive if there is a gunshot defect present on the victim’s clothing, they are still run as a standard part of a ballistics report.  A positive Sodium Rhodizonate test is simply confirmation that the bullet did in fact travel through the clothing or other material such as upholstery (thus, ruling out other possible explanations for a hole in clothing or upholstery) and it confirms that the wound is an entrance wound, since the lead vapor and particles would not be present at the exit wound.  In addition to indicating the presence of nitrites on clothing, the Griess Test provides important details about the pattern of those nitrites which informs the range of fire.  

By contrast, gunshot residue comes from the primer of the bullet cartridge that stays in the gun when the bullet is fired.  So a Gunshot Residue Test (GSR Test) is typically done on the hands of the person who is suspected of firing the gun.  If someone touched the gun or was in close vicinity of the gun when fired, the presence of gunshot residue should be detected by the GSR Test.  

It is worth noting, however, that gunshot residue tests are not as commonly used as they once were in gunshot cases. Labs where GSR tests are performed have been shown to have a high presence of gunshot residue, causing some experts to question the overall reliability of these tests.




SNAPSHOT: BALLISTICS TESTING

The following chart summarizes the evidence that can be gathered from different ballistics tests.  
	Ballistics Test
	Detects or demonstrates…
	Results tell me…

	Griess Test
	Presence of nitrites on clothing
	Results establish the presence of nitrites on clothing as well as the pattern of nitrites from gunpowder residue on clothing. They can then be compared with test fire patterns of the gun used in the crime to determine range of fire.  

	Sodium Rhodizonate Test 
	Presence of lead on clothing
	Results confirm or disprove whether a lead bullet was used in the crime.  Typically, the test is used to confirm that a bullet traveled through a piece of clothing or a specific material at the crime scene.  For example, a positive test result of the fabric of the sofa on which the gunshot victim was sitting could serve as evidence that confirms the path of the bullet went through the sofa before (or after) striking the victim.  

	Distance Determination Test 
	Provides test fire patterns when a particular gun is fired at a cloth target from various ranges.


	If gunshot wound was covered by clothing, the results of the Distance Determination Test are compared with the results of the Griess Test conducted on the gunshot victim’s clothing to determine range of fire.

If gunshot wound was not covered by clothing, the results of the Distance Determination Test are compared with the gunshot pattern on the victim’s skin at the site of the wound to determine range of fire.

	Gun Shot Residue Test 
	Presence of gunshot residue
	A positive result for gunshot residue indicates that the person either recently touched a gun or was in close proximity of the gun when it was fired.  However, it is not definitive evidence that a person actually fired that gun. 


	BULLET ANALYSIS

	What does an expended bullet tell you about the weapon from which it was fired?
	There are a few things that a firearms expert can tell by looking at an expended bullet. The caliber of the weapon from which it was fired (i.e., small, medium, large) can be determined by measuring the diameter of the base of the bullet (e.g., 45 caliber bullet has diameter of .45 of inch).  

You can also tell whether the bullet was jacketed or unjacketed (e.g., copper-plated or aluminum-plated).  Most bullets are jacketed; non-jacketed bullets are more often used in small caliber handguns.  

	What can a bullet tell you about the weapon used in the crime?
	In some situations the bullet from the crime scene may serve as critical evidence in a case. For example, investigators do not always know what weapon was used to commit a crime.  If a bullet is retrieved from either the victim or the crime scene, it can be used to confirm whether or not a suspected weapon was used in that shooting.  To do this, you test fire the suspected weapon using the same type of ammunition that was found in victim or at the scene.  Then compare the bullet from the test to the bullet used in the crime by looking at them side by side under a microscope.  Each gun creates distinct rifling marks on the bullets it fires. If the two bullets are a perfect match, that serves as evidence that they were fired from the same gun. 
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