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In the recently published 2016 UCR statistics, the FBI identified 15,070 murders in the United States where 11,004 (73%) were committed with firearms1. A further examination of these statistics reveals 7,105 involved handguns, 373 rifles, 262 shotguns, and 3,263 murders were committed with an undetermined firearm1. Without question, firearms are prevalent at death investigations.
With various firearms having semi-automatic features that deposit cartridge casings at the scene, few investigators take the opportunity to determine a shooter’s position in the incident. By documenting the location of casings, employing a field test with the recovered weapon, and completing a few calculations with the Pythagorean Theorem, investigators can determine an approximate location of a shooter in their investigation and better understand how an incident unfolded.
When initiating a shooting scene investigation, there are some preliminary considerations the investigator should keep in mind for determining a shooter’s position.
First and foremost, investigators need to determine if the casings were inadvertently moved. Responding first responders can potentially disturb the original position the casings fell when attending to a victim. 
Also, the firing process of a semi-automatic weapon is driven by physics. If the firearm is not vertical when fired, the casings will not eject as the manufacturer designed, skewing calculations. Additionally, if the shooter discharges the weapon weak wristed, this will minimize the ejection distance and provide an inaccurate measurement.
[bookmark: _GoBack]Varying substrates are another consideration for investigators. For instance, a shooting in a building with waxed tiles floors may allow the casings to slide from its initially deposited position, whereas, an outdoor shooting in a grassy area may not. 
Finally, because we cannot determine with absolute scientific certainty the mathematics involved in the firing process for each specific shot, our calculations are considered approximations. For instance, we do not know the level of grip strength, nor can we demonstrate that a weapon was precisely vertical when fired. Therefore, our calculations become approximations. 
Documenting the Crime Scene
The first step to determining the approximate shooter location is recording the location of the ejected cartridge casings at the scene. Investigators should utilize standard triangulation methods for measuring, preferably using the x-axis and y-axis method, as this will coincide with the field test to be conducted later. These measurements should correlate with the standard practice of your agency and incorporate the casings’ measurements into your documentation practices. Be sure to include the dimensions of nearby structures so you can demonstrate that the trajectory of each casing was not influenced or deflected by a structure.  
Weapon Field Test
A caveat to the success of this analysis lies with the ability of the investigator to recover the specific semi-automatic and ammunition used at the scene. Field testing the actual firearm discharged at the scene carries more weight than using a similar firearm. To successfully carry out the field test, the analyst would need the original weapon and ten rounds of the same ammunition recovered from the scene. 
At a firing range, the analyst would construct two measuring tapes perpendicular to one another, creating an x- and y-axis grid to document ejected casings on a grid. Be sure to square the measuring tapes. Place a camera tripod over the grid’s origin (x- and y-axis intersect) and raise the tripod to a comfortable level where a two-handed hold places the weapon’s handle over the center of the tripod. Using a plumb line will enable accurate placement. The top-center of the tripod will reference the starting point for each shot. With ten similar rounds loaded into the firearm, the analyst discharges each round slowly and methodically, positioning the weapon over the center of the tripod before firing each shot to assure the accuracy of each ejected casing. 
Once you have dispensed the ten rounds, document the x- and y-axis measurements for each of the deposited casings (Figure 1). For simplicity, it is recommended you record your measurements in inches.  
Calculations
To begin solving for our shooter’s approximate location, we use the Pythagorean Theorem (c2 = a2 + b2) to determine the average ejection distance for the casing. Then, we find the inverse sine of the x-axis over the hypotenuse, ϴ = sin-1 , to solve for the approximate trajectory angle.
Using the data from our table the analyst documents the x- and y-axis for each of the ten shots and calculates the averages for each axis (Table 1).
The x-axis correlates to side A and the y-axis to side B of the right triangle. Our equation is c2 = 21.22 + 20.752. Therefore, our formula would calculate c2 = 449.44 + 430.5625, and c2 equals the . Finishing the square root, we determine the average ejection distance for this weapon to be ≈ 29.66 inches.  
To find the approximate angle of the trajectory, we calculate the inverse sine form the right triangle’s side A and the hypotenuse, side C, using the equation of ϴ = sin-1 . With our example, we calculate , which equals 0.71476736. Solving for the inverse sine for 0.71476736 reveals an approximate ejection angle of 45.62 degrees. 
Utilizing this technique in our scenario, we learned that the average ejection distance for a given casing is 29.66” and the approximated ejection angle is 45.66 degrees. Considering that some shooters may provide a statement articulating the events while others may invoke their 5th Amendment rights, investigators can incorporate the Pythagorean Theorem into their investigation to better determine how a shooting transpired. 
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