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  Multivariable Shooting


  Practice.


  —Simo Häyhä, the deadliest sniper in history with over 500 confirmed kills, when asked how he became such a good marksman.


  Almost all shooting is performed as a single shot from a stationary marksman to a (relatively) stationary target under daylight conditions. Normally, the only two major considerations (or variables) a marksman must consider are the distance to the target and the wind.


  However, when these marksmen incorporate additional factors, they are engaging in multivariable shooting. Such additional factors may include: how others act and react, movement of themselves and targets, restricted positions, and abnormally bad conditions.


  Some hobbyists seek the challenge of multivariable shooting, while hunters often want to expand their skills and available targets. In contrast, occupational marksmen (i.e., military and police) sometimes have no choice but to take multivariable shots because they must complete a mission.


  1. Moving Participants


  Sometimes, a marksman is aiming at a moving target. Sometimes, the marksmen themselves are moving. And in rare instances, both the target and the marksman are moving.


  In any case, accounting for movement is related to two techniques already explained in Long Range Shooting: An Illustrated Manual: elevation and windage. “Elevation” is the vertical adjustment a marksman must make with their rifle, typically measured using the reticle, to ensure bullets reach distant targets. When a target moves closer or farther away, it changes the distance that a bullet must travel. To compensate for the changed distance, the marksman compensates by adjusting the elevation setting higher or lower to alter the trajectories of their bullets.


  “Windage” is the left-or-right distance that a marksman must move their rifle to account for wind pushing the bullet sideways (and any other sideways consideration). If movement causes the target to be to the side of the point-of-aim, the marksman uses a windage hold or dial just as if wind pushed the bullet to the side. In fact, when a target is moving in the wind, both windage holds are simply added together.


  1.a Moving Target


  A moving target can be a deer in the woods sauntering around, an enemy patrolling, or a target on a moving rail system. When considering moving targets, the first consideration is simply to wait for a target to stop moving. Although it seems obvious, many marksmen get caught up in the moment and engage too quickly. In fact, most hunters deliberately avoid shooting at moving targets because they consider maiming an animal to be unethical and are unwilling to accept the slight decrease in accuracy that comes with shooting a moving target. Therefore, these hunters wait for a deer to stop or slow down, maximizing their chances of achieving a quick and accurate kill. A full stop is not necessary, and simply waiting for the target to slow down or change direction can be enough to greatly increase accuracy.


  If the target does not slow down, the second thing that a marksman must determine is how long their bullet’s flight time would be. Bullets take time to go from the rifle to the target, and during that time the target moves. Therefore, by determining their bullet’s flight time, the marksman is also considering the target’s movement time. In other words, if the marksman places the point-of-aim directly on the target, the target would move out of the way as the bullet flies. Therefore, the marksman must fire while their point-of-aim is in front of the target so that both the target and the bullet simultaneously intersect their movements at the point-of-aim.


  This sideways distance that the target moves while the bullet is airborne is called the “lead” (rhymes with “seed”). To determine the lead, a marksman must know the sideways speed of the target and their bullet’s flight time (i.e., the amount of time that the target has to move). For example, if a 400-m-or-yd target is trotting at a pace of 0.5 m or yd⁄s and a bullet takes 2 s to travel 400 m or yd to a target, the marksman must aim 1 m or yd (0.5 × 2 = 1) in front of the target for the bullet and the target to intersect at the point-of-aim.


  A bullet’s flight time can be calculated using two different methods. The simplest method is to fire a bullet and time it. If a marksman does this at various distances, they can prepare a chart that matches target distances to flight times. These charts can record the flight time as a function of distance (e.g., 0.45 s at 500 m). Many of these tables are available online or preprogrammed into ballistic calculators. Then, once the actual target’s distance is known, the marksman can look up that target distance in their table to find the corresponding bullet flight time.


  To create these tables oneself, a marksman can go to a long-distance range with a recording device. They shoot at metal targets spaced 100 m or yd apart. Then, at home, they determine the travel time by measuring the time difference in the audio recording between the shot and the impact. If the target is too far to hear, the same process can be used with a video recording. A little bit of extra time must be added to the final number to account for the time that it takes for a bullet to exit the muzzle after the trigger is pulled.


  The second method uses calculations to determine the travel time. That is, a marksman divides the distance that the bullet travels by the average velocity of the bullet. The simplest way to “calculate” average velocity is to substitute in muzzle velocity. This method works over short distances since velocity does not change much at the start of its trajectory. For example, if the muzzle velocity of a bullet is 800 m⁄s, then the marksman can be relatively certain that a bullet would take about ½ s to travel 300 to 400 m.


  Once a target is far away, bullets slow down significantly. At that point, substitution no longer works. Instead, a marksman can calculate the average velocity by using a ballistic calculator. A good ballistic calculator can give the bullet velocity at various points in the trajectory. By averaging together a few points, the marksman can get a good approximation of the average velocity. For example, although not exact, a marksman can then take a mean of: the muzzle velocity, the mid-distance velocity, and the velocity at the target.


  Once the bullet’s flight time is calculated, the marksman must determine the target’s lateral speed. That is, if a target is moving diagonally, only the side-to-side component is useful since a target is unlikely to outrun a bullet when moving closer or farther from the marksman. The only possible exception to that may be vehicles where it may be required to determine their front-back speed. In that case though, the left-right and front-back components of movement are still separated because they are separately accounted for with windage and elevation respectively. (In fact, a shot at a moving helicopter would, in theory, additionally require determining vertical velocity.)


  Lateral velocity can be measured with a reticle’s windage hashmarks. For example, a marksman can look through their scope and measure how far across the reticle the target traveled in 1 s. Or the marksman can determine how long it took the target to traverse 0.5 mils. Either method measures the angular distance the target traveled per unit of time.


  Getting the angular velocity is very helpful because it can be multiplied by the bullet’s flight time to directly calculate the windage hold. For example, if a target is moving right-to-left at 0.5 mil⁄s, and the flight time is 0.2 s, then the lead is 0.1 mils (0.5 mil⁄s × 0.2 s = 0.1 mils).


  The other methods for getting the target’s angular velocity require knowing the linear velocity and converting it to an angular velocity. The linear velocity of a target can be estimated from prior knowledge, or it can be measured precisely in the moment. An example of an estimate based on prior knowledge is that people typically walk at about 1 m⁄s (3.3 ft⁄s), run at 2 m⁄s (6.6 ft⁄s), and sprint at 4 m⁄s (13 ft⁄s). (The average individual is often in poor shape.) A healthy adult male can sprint at 7 m⁄s (23 ft⁄s), while Usain Bolt set a world record of 12.42 m⁄s (40.75 ft⁄s).) An experienced marksman can refine these numbers by differentiating between different gaits and different groups of people. For example, a man may jog at 1.5 m⁄s (4.9 ft⁄s) while a woman may typically be 0.25 m⁄s (0.8 ft⁄s) slower than a man due to their shorter stature; therefore, women may jog at 1.25 m⁄s (4.1 ft⁄s).


  Speed can also be estimated based on body width. A healthy man has a chest depth of about ¼ to ⅓ m (10 to 13 in), so if they travel 6 body-widths per second, they are traveling at 2 m⁄s (6.6 ft⁄s). Body-widths can even be a measurement in and of themselves. For example, if the marksman knows that a bullet would take 1 s to reach the target, they can aim 6 body-widths ahead.


  Finally for this method, linear, lateral velocity is converted into angular velocity. The formulas for mils and MOA to calculate an object’s angular velocity (T Angular V) with a known distance to target (D to T) and an estimated linear velocity in m⁄s or yd⁄s (T Linear V) are:


  
    	(T Angular V in Mils) = ((T Linear V) × 1000) ÷ (D to T)


    	(T Angular V in MOA) = ((T Linear V) × 3438) ÷ (D to T)

  


  Once a marksman knows the target’s actual velocity, they must then derive the component of that velocity that is perpendicular (i.e., lateral) to the trajectory of the bullet. The simplest method of deriving lateral velocity from actual velocity is to place the target into one of three categories: full turn (100% of actual velocity), half turn (70% of actual velocity), and no turn (0% of actual velocity). (See Image 2.)


  How far a man or animal is turned can be estimated by the number of arms or legs that are visible. That is, if only one arm is visible then they have a full turn; if both arms are visible but one shoulder is a little hidden, then they have a half turn; and if both shoulders are clearly visible then the target has no turn. Of course, a marksman can create as many categories and corresponding lead multipliers as they can reasonably employ.


  Putting this together with an example, assume that a target at 350 m is walking diagonally at 1 m⁄s. Because they are moving diagonally (i.e., half turn), the turn multiplier is 70%, so they have 0.7 m⁄s of sideways movement. Using the above formula to find the target’s angular, lateral velocity:


  
    	(T Angular V in Mils) = ((T Linear V) × 1000) ÷ (D to T)


    	(T Angular V in Mils) = ((0.7 m⁄s) × 1000) ÷ (350 m) = 2 mils⁄s

  


  The resulting angular velocity is then multiplied by the bullet’s flight time to determine the lead. Assume a bullet has an average velocity of 1000 m⁄s. The formula for flight time is:


  
    	(Bullet Time) = (D to T) ÷ (Bullet V)


    	(Bullet Time) = 350 m ÷ 1000 m⁄s = 0.35 s

  


  The final windage hold is determined by this formula:


  
    	(Windage in Mils) = (T Angular V in Mils) × (Bullet Time)


    	(Windage in Mils) = 2 mils⁄s × 0.35 s = 0.7 mils

  


  However, because distance to the target increases a bullet’s flight time and decreases angular velocity, these two formulas can be simplified:


  
    	(T Angular V in Mils) × (Bullet Time) =

  


  (((T Linear V) × 1000) ÷ (D to T)) × ((D to T) ÷ (Bullet V)) =


  ((T Linear V) × 1000) ÷ (Bullet V) = (Windage in Mils)


  (Windage in Mils) = 1000 × ((T Lateral Linear V) ÷ (Bullet V))


  (Windage in MOA) = 3438 × ((T Lateral Linear V) ÷ (Bullet V))


  In other words, distance to target (D to T) cancels out. Put another way, if a bullet takes twice as long to arrive, the target has twice the amount of time to arrive at the point-of-aim and the lead is twice as large. The result is:


  
    	(Windage in Mils) = 1000 × ((T Lateral Linear V) ÷ (Bullet V))

  


  The turn value can be included as a separate variable as well:


  
    	(Windage in Mils) = 1000 × ((T Actual Linear V) × (Value)) ÷ (Bullet V)


    	(Note, “Value” is always the sine of the degree deviation from 12 o’clock.)


    	(Windage in Mils) = (1000 mils × 1 m⁄s × 0.7) ÷ 1000 m⁄s = 0.7 mils

  


  Note that the units for target velocity and bullet velocity do not matter because they cancel each other out, but the units do have to be the same (e.g., both are m⁄s, or both are mi⁄h, but one cannot be m⁄s while the other is mi⁄h).


  To prepare to shoot at moving targets, a marksman could create tables with precomputed values, such as: X-axis = (T Lateral Linear V), Y-axis = (Bullet V), cell contents = (Windage in Mils). Similar tables are used to account for wind speed very often. (See Image 4.)


  Leads can quickly become impractical as targets get farther because the margin of error shrinks with distance. For example, for a man with a chest depth of ⅓ m (1 ft) who walks at 1 m⁄s (3 ft⁄s), their chest only exists in a particular spot for ⅓ of a second. Shooting with this level of time accuracy is relatively easy when the target is only 10 m (30 ft) away and 1 m (3 ft) represents a large angle. However, as the target gets farther from the marksman, the angular width of a target decreases, and the opportunity for something to change during the flight time increases. Therefore, the range for shooting at moving targets is typically limited from 50 m or yd where a lead is useful, to 400 m or yd where a lead is practical.


  Once the lead is determined, it is added to the elevation and windage holds or dials to determine the final point-of-aim. Then, a marksman can either “track” or “ambush” the target. “Tracking” is to follow the target with the point-of-aim, moving the rifle as the target moves. “Ambushing” is to place the point-of-aim in front of the target and wait for the target to move into position. (See Image 7.)


  To ambush a target, a marksman aims at a point in front of the target’s direction of movement. Then, the marksman fires when the target is away from the point-of-aim by the lead distance. Thereby, the target moves into the path of the bullet.


  Ambushing is the easier technique because the marksman can stay still while shooting. However, marksmen who use the ambush technique tend to jerk their triggers because their timings must be very precise. Further, winds may have changed while a marksman was waiting, changing the windage.


  The tracking method moves the point-of-aim with the target so that it is one lead distance ahead of the target at all times. This technique allows the marksman more opportunities to fire, and they can be more patient. However, it is a more difficult technique because it requires moving the rifle while precisely aiming. While tracking, the marksman does not stop to shoot; the marksman pulls the trigger while continuing to move the rifle with the target and re-engages the sight picture to where they expect the target to be.


  Tracking with a reticle in a perfectly straight line while maintaining a lead, windage, and elevation hold is not easy. In fact, focusing too much on the target and not the reticle is a major issue with marksmen who use the tracking method. Another danger of the tracking method is that what is behind the target changes, and so the marksman must pre-clear the entire potential background behind the target to ensure they don’t shoot something unintentionally. A third issue is that if the rifle is moved too much, the marksman may move themself into a bad shooting posture.


  To address some of these issues, a marksman can improve their tracking by practicing moving the reticle in a straight line. And they can position their rifle on a single pivot point such as a sandbag (instead of, for example, a tripod or bipod). Further, the marksman must practice pivoting their entire body if the necessary swing is more than a few degrees.


  A great method is to combine the two techniques. A marksman can begin with an ambush because it is better for maintaining a stable position. But the marksman is then prepared to immediately track the target if they miss their window of opportunity to ambush.
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    Image 1:  Marines set and prepare Robotic Moving Targets to shoot at. Quantico, VA, 24 Sep 2013.
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    Image 2:  Movement value is based on where the target is moving to. (Movement values and wind values are identical since they are both based on the same trigonometry. However, instead of the wind pushing the bullet back to the target, the target moves into the path of the bullet.) The simplest movement value system is the clock system, where the marksman points at 12 o’clock. A target moving parallel has no value, while one moving sideways has a full value. On the left is a full system with only 4 values: 100%, 70%, 50%, and 10%. This system becomes less precise as the target strays from the 12 or 6 o’clock, because the percentages change quickly there. A filled in table can be useful for showing more numbers. (See Image 3.)
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          Target Direction

        

        	
          Target Speed m⁄s (ft⁄s)

        
      


      
        	
          Degrees

        

        	
          O’clock

        

        	
          1
(3.3)

        

        	
          2
(6.6)

        

        	
          3
(9.8)

        

        	
          4
(13)

        

        	
          5
(16)

        

        	
          6
(20)

        

        	
          7
(23)

        

        	
          8
(26)

        

        	
          9
(30)

        

        	
          10
(33)

        
      


      
        	
          0°

        

        	
          12:00, 6:00

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        

        	
          0
(0)

        
      


      
        	
          10°

        

        	

        	
          0.2
(0.7)

        

        	
          0.3
(1)

        

        	
          0.5
(1.6)

        

        	
          0.7
(2.3)

        

        	
          0.9
(3)

        

        	
          1
(3.3)

        

        	
          1.2
(3.9)

        

        	
          1.4
(4.6)

        

        	
          1.6
(5.2)

        

        	
          1.7
(5.6)

        
      


      
        	
          15°

        

        	
          11:30, 12:30,
5:30, 6:30

        

        	
          0.3
(1)

        

        	
          0.5
(1.6)

        

        	
          0.8
(2.6)

        

        	
          1
(3.3)

        

        	
          1.3
(4.3)

        

        	
          1.6
(5.2)

        

        	
          1.8
(5.9)

        

        	
          2.1
(6.9)

        

        	
          2.3
(7.5)

        

        	
          2.6
(8.5)

        
      


      
        	
          20°

        

        	

        	
          0.3
(1)

        

        	
          0.7
(2.3)

        

        	
          1
(3.3)

        

        	
          1.4
(4.6)

        

        	
          1.7
(5.6)

        

        	
          2.1
(6.9)

        

        	
          2.4
(7.9)

        

        	
          2.7
(8.9)

        

        	
          3.1
(10)

        

        	
          3.4
(11)

        
      


      
        	
          30°

        

        	
          11:00, 1:00,
5:00, 7:00

        

        	
          0.5
(1.6)

        

        	
          1
(3.3)

        

        	
          1.5
(4.9)

        

        	
          2
(6.6)

        

        	
          2.5
(8.2)

        

        	
          3
(9.8)

        

        	
          3.5
(12)

        

        	
          4
(13)

        

        	
          4.5
(15)

        

        	
          5
(16)

        
      


      
        	
          40°

        

        	

        	
          0.6
(2)

        

        	
          1.3
(4.3)

        

        	
          1.9
(6.2)

        

        	
          2.6
(8.5)

        

        	
          3.2
(11)

        

        	
          3.9
(13)

        

        	
          4.5
(15)

        

        	
          5.1
(17)

        

        	
          5.8
(19)

        

        	
          6.4
(21)

        
      


      
        	
          45°

        

        	
          10:30, 1:30,
4:30, 7:30

        

        	
          0.7
(2.3)

        

        	
          1.4
(4.6)

        

        	
          2.1
(6.9)

        

        	
          2.8
(9.2)

        

        	
          3.5
(12)

        

        	
          4.2
(14)

        

        	
          4.9
(16)

        

        	
          5.7
(19)

        

        	
          6.4
(21)

        

        	
          7.1
(23)

        
      


      
        	
          50°

        

        	

        	
          0.8
(2.6)

        

        	
          1.5
(4.9)

        

        	
          2.3
(7.5)

        

        	
          3.1
(10)

        

        	
          3.8
(13)

        

        	
          4.6
(15)

        

        	
          5.4
(18)

        

        	
          6.1
(20)

        

        	
          6.9
(23)

        

        	
          7.7
(25)

        
      


      
        	
          60°

        

        	
          10:00, 2:00,
4:00, 8:00

        

        	
          0.9
(3)

        

        	
          1.7
(5.6)

        

        	
          2.6
(8.5)

        

        	
          3.5
(12)

        

        	
          4.3
(14)

        

        	
          5.2
(17)

        

        	
          6.1
(20)

        

        	
          6.9
(23)

        

        	
          7.8
(26)

        

        	
          8.7
(29)

        
      


      
        	
          70°

        

        	

        	
          0.9
(3)

        

        	
          1.9
(6.2)

        

        	
          2.8
(9.2)

        

        	
          3.8
(13)

        

        	
          4.7
(15)

        

        	
          5.6
(18)

        

        	
          6.6
(22)

        

        	
          7.5
(25)

        

        	
          8.5
(28)

        

        	
          9.4
(31)

        
      


      
        	
          75°

        

        	
          2:30, 3:30,
8:30, 9:30

        

        	
          1
(3.3)

        

        	
          1.9
(6.2)

        

        	
          2.9
(9.5)

        

        	
          3.9
(13)

        

        	
          4.8
(16)

        

        	
          5.8
(19)

        

        	
          6.8
(22)

        

        	
          7.7
(25)

        

        	
          8.7
(29)

        

        	
          9.7
(32)

        
      


      
        	
          80°

        

        	

        	
          1
(3.3)

        

        	
          2
(6.6)

        

        	
          3
(9.8)

        

        	
          3.9
(13)

        

        	
          4.9
(16)

        

        	
          5.9
(19)

        

        	
          6.9
(23)

        

        	
          7.9
(26)

        

        	
          8.9
(29)

        

        	
          9.8
(32)

        
      


      
        	
          90°

        

        	
          3:00, 9:00

        

        	
          1
(3.3)

        

        	
          2
(6.6)

        

        	
          3
(9.8)

        

        	
          4
(13)

        

        	
          5
(16)

        

        	
          6
(20)

        

        	
          7
(23)

        

        	
          8
(26)

        

        	
          9
(30)

        

        	
          10
(33)

        
      

    
  


  Image 3:  This table takes the target’s actual movement speed (X-axis) and the target’s direction (Y-axis), and outputs the lateral movement velocity (cell contents). The value is found by multiplying the actual movement velocity by the sine of the angle (in degrees) when the direction the marksman faces is defined to be 0°. This is an expanded version of the above image.


  Movement to Windage in Mils (MOA)


  

  
    
      

      

      

      

      

      

      

      
    

    
      
        	
          Target Lateral Velocity m⁄s (ft⁄s)

        

        	
          Bullet Average Velocity m⁄s (ft⁄s)

        
      


      
        	

        	
          400 (1312)

        

        	
          500 (1640)

        

        	
          600 (1969)

        

        	
          700 (2297)

        

        	
          800 (2625)

        

        	
          900 (2953)

        

        	
          1000 (3281)

        
      


      
        	
          1 (3)

        

        	
          3 (11)

        

        	
          2 (7)

        

        	
          2 (7)

        

        	
          1 (4)

        

        	
          1 (4)

        

        	
          1 (4)

        

        	
          1 (4)

        
      


      
        	
          2 (7)

        

        	
          5 (18)

        

        	
          4 (14)

        

        	
          3 (11)

        

        	
          3 (11)

        

        	
          3 (11)

        

        	
          2 (7)

        

        	
          2 (7)

        
      


      
        	
          3 (10)

        

        	
          8 (28)

        

        	
          6 (21)

        

        	
          5 (18)

        

        	
          4 (14)

        

        	
          4 (14)

        

        	
          3 (11)

        

        	
          3 (11)

        
      


      
        	
          4 (13)

        

        	
          10 (35)

        

        	
          8 (28)

        

        	
          7 (25)

        

        	
          6 (21)

        

        	
          5 (18)

        

        	
          4 (14)

        

        	
          4 (14)

        
      


      
        	
          5 (16)

        

        	
          13 (46)

        

        	
          10 (35)

        

        	
          8 (28)

        

        	
          7 (25)

        

        	
          6 (21)

        

        	
          6 (21)

        

        	
          5 (18)

        
      


      
        	
          6 (20)

        

        	
          15 (53)

        

        	
          12 (42)

        

        	
          10 (35)

        

        	
          9 (32)

        

        	
          8 (28)

        

        	
          7 (25)

        

        	
          6 (21)

        
      


      
        	
          7 (23)

        

        	
          18 (63)

        

        	
          14 (49)

        

        	
          12 (42)

        

        	
          10 (35)

        

        	
          9 (32)

        

        	
          8 (28)

        

        	
          7 (25)

        
      


      
        	
          8 (26)

        

        	
          20 (70)

        

        	
          16 (56)

        

        	
          13 (46)

        

        	
          11 (39)

        

        	
          10 (35)

        

        	
          9 (32)

        

        	
          8 (28)

        
      


      
        	
          9 (30)

        

        	
          23 (81)

        

        	
          18 (63)

        

        	
          15 (53)

        

        	
          13 (46)

        

        	
          11 (39)

        

        	
          10 (35)

        

        	
          9 (32)

        
      


      
        	
          10 (33)

        

        	
          25 (88)

        

        	
          20 (70)

        

        	
          17 (60)

        

        	
          14 (49)

        

        	
          13 (46)

        

        	
          11 (39)

        

        	
          10 (35)

        
      

    
  


  Image 4:  This table takes the Bullet Average Velocity (X-axis) and the Target Lateral Velocity (Y-axis), and outputs the windage hold or dial (cell contents) in mils and MOA. Having different bullet velocities for one rifle is important because average velocity falls as a function of distance. Therefore, marksmen would want to keep an additional table that shows Bullet Average Velocity as a function of target distance. Note that without a fast bullet, a slow target, or a robot pulling the trigger, even relatively slow-moving targets are impractical to hit at long distances. The windage hold from this table is simply added to the windage hold for wind.


  Shooting a Moving Target
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    Image 5:  A running deer is one of the most common moving targets. White-tailed deer have been recorded sprinting at speeds of 60 km⁄h (40 mi⁄h) and sustaining speeds of 50 km⁄h (30 mi⁄h) over distances of 5-6 km (3-4 mi).
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    Image 6:  As the distance between the marksman and the target increases, a bullet drops exponentially. Therefore, the marksman’s vertical offset must increase exponentially. However, the bullet’s time-of-flight only increases linearly (before speed decreases significantly), so the horizontal offset increases linearly. Therefore, as targets get farther, the marksman’s point-of-aim follows this upward curve as a function of distance.
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    Image 7:  A marksman can either hold their aim and wait for the target to move into position (i.e., ambushing), or they can move with the target (i.e., tracking).

  

  
  1.b Moving Marksman


  The concept of a lead was explained in the previous section as a way to hit a moving target. (See Moving Target.) That lead is a positive lead since it requires aiming in front of the target’s direction-of-movement.


  In contrast, when the marksman is moving, they must apply a negative lead, which requires aiming behind the target. A negative lead is required because when a marksman is moving, their rifle and ammunition move with them. Therefore, a fired bullet retains the marksman’s sideways momentum, causing it to move sideways from the initial point-of-aim.


  The concepts of positive and negative leads make intuitive sense when combined. That is, if both the target and marksman were to move in sync, then the negative and positive leads would cancel each other out and the marksman could fire without using any lead at all.


  Calculating a negative lead is the same as calculating a positive lead, except the resulting hold is in the opposite direction of movement. In fact, it is quite a bit easier since often a marksman precisely knows their own movement speed, unlike having to guess the speed of a moving target. Therefore, it is even possible to shoot out the back of a fast-moving vehicle. (Again however, the easiest way to shoot from a moving position is to simply stop moving.) For example, the final formula for a lead was this:


  
    	(Windage in Mils) = 1000 × ((T Actual Linear V) × (Value)) ÷ (Bullet V)


    	(Note, “Value” is always the sine of the degree deviation from 12 o’clock.)

  


  (T Linear V) can be replaced with -(M Linear V) for negative marksman linear velocity. That gives the formula:


  
    	(Windage in Mils) = 1000 × -(M Actual Linear V) × (Value) ÷ (Bullet V)

  


  For example, assuming that a vehicle is moving laterally at 30 km⁄h (18 mi⁄h), or -8.3 m⁄s (-9 yd⁄s) after converting so that the vehicle velocity and the bullet velocity use the same units, and assuming that the bullet is traveling at 1,000 m⁄s (1093 yd⁄s), then the formula looks like this:


  
    	(Windage in Mils) = 1,000 mils ×(-8.3 m⁄s × 1.0)÷ 1000 m⁄s = -8.3 mils

  


  Because the bullet moves sideways at the speed of the vehicle, even moderate vehicular speeds can quickly require a large amount of windage.


  The most difficult aspect of shooting while moving is muzzle vibration. There are a variety of methods that have been devised to stabilize a rifle on a moving platform: bag supports, single straps, and spider straps are a few examples. A gimbal may be used, but the scenario where a rifle gimbal would both be useful enough to plan for, but the shooting task couldn’t be reconfigured to not involve vehicular movement is unclear (See Image 9.) Whatever the support used, a rifle cannot be stabilized directly against a vehicle frame because vibrations easily transfer from metal to metal.


  The bag support method is the fastest to establish and provides a stable shooting platform. A soldier can utilize a variety of bags, such as: a rucksack, an assault pack, or a luggage bag. The more firm cushioning, the better. It is crucial to ensure that the bag itself is secured firmly to the interior floorboard of the platform to guarantee stability and accuracy.


  The single strap method is also reasonably quick to establish. First, a marksman needs a readily available, inelastic line such as 550 cord, a rifle sling, or even a roll of duct tape if desperate. Then, the marksman secures either end of the line to the left and right sides of the vehicle frame, creating a horizontal shooting platform. The line must have some degree of slack so that the rifle can hang in the center of the line. To stabilize the rifle, a marksman leans the rifle into or away from the line, so ideally the line is strong enough to support many times the force of an adult man. (See Image 11.) (See Image 12.)


  The spider strap method is the most complex method, but also the most stable. This technique uses four attachment points instead of the two used with the single strap method. To make the spider strap, a marksman attaches two or more lines to the top left, top right, bottom left, and bottom right corners of the vehicle’s opening (e.g., a doorway). The lines converge at the center, where they are held together by a carabiner


  

  

  

Shooting from a Truck
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  Shooting from a Helicopter
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  2.a Working with a Spotter


  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Working with a Spotter
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  2.b Multiple Marksmen


  

  

  

  

  

  Multiple Marksmen
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  2.c Multiple Targets


  

  

  

  

  

  

  

  

  

  Window and Door Coordinates
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  2.d Multiple Marksmen and Targets
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  3. Restriction-Based Positioning
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  Non-Dominant Hand
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  3.c Non-Vertical (Canted) Rifle


  

  

  

  

  Non-Vertical (Canted) Rifle
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  Radiation and Temperature Cycle
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  Shooting through Barriers
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  Advanced Effects, 600 Meters and Beyond
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  Spotter Position to see Bullet Trace
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  5.b Determining Bullet Impact
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  5.c Making Adjustments


  

  

  

  

  

  

  

  

  

  

  5.d Trajectory Validation for Ballistic Calculators (Truing)
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  6. Bullet Spin
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  6.b Spin Stabilization (Precession)
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  Spin-axis Alignment
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  Helical Spinning
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  6.c Bullet Orienting to Vector (Weathervaning, Tractability)
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  6.d Optimal Spin Rates


  

  

  

  

  

  

  

  

  

  
  6.e Vector Orienting to Bullet (Lift Force)


  

  

  

  

  Lift Force
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  6.f Precession-Induced 90-Degree Turning


  

  

  

  

  

  

  

  Spin-axis Rotation and Precession
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  6.g Aerodynamic (Muzzle) Jump


  

  

  

  

  

  

  

  Aerodynamic Jump for a Right Twist
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  Aerodynamic Jump 2
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  6.h Spin Drift


  

  

  

  

  

  

  

  

  Spin Drift
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  7. More Air Effects


  

  7.a Headwinds and Tailwinds (Parallel Winds)


  

  

  

  

  

  

  Headwinds and Tailwinds
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  7.b Transonic Range (Supersonic to Subsonic Shift)
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  Static versus Dynamic Stability Factors


  
    

    
      
        [image: ]
      

    


    
  

  
    
      
        [image: ]
      

    


    
  

  Falling Velocity’s Effect on Stabilities
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  8. Acceleration on a Rotating Body


  

  

  

  8.a Latitudinal (North-South) Coriolis Effect


  

  

  

  

  

  

  
    	Coriolis Drift = ω × sin(Latitude) × (D2 ÷ V). (Technically, this is only valid when vertical motion is negligible, and calculators may use more complicated three-dimensional formulas, but this is sufficient for demonstrative purposes.)


    	ω represents the Earth’s rotation rate, which is 0.00007292 radians⁄second (rad⁄s). There are 2π (~6.28) radians in a circle. (A radian is a unit of angular measure defined by the ratio of an arc length to its radius. Since both the arc length and the radius are measured in the same unit, their units cancel each other out. As a result, a radian is considered a dimensionless quantity.)


    	Latitude is measured in degrees from the equator, with positive values indicating positions in the Northern Hemisphere and negative values in the Southern Hemisphere. By applying the sine function to the latitude, the component of Earth’s rotation that affects an object at a given latitude can be determined. This mathematical relationship allows for the calculation of how Earth’s rotational speed influences objects differently depending on their North-South position on the planet.


    	D represents the distance that the bullet travels. Both the distance and the bullet’s velocity must use the same linear units (here, meters). Because the distance to the target is a squared variable, the effect quickly increases at longer distances.


    	V is the bullet’s average velocity from start to finish. (The Coriolis effect, which arises from the conservation of angular momentum, causes the bullet to deviate from its initial path. Importantly, the actual trajectory that the bullet follows does not impact the calculation of this deviation.)


    	(A simplification of (D2 ÷ V) is (distance × flight time); however, using (D2 ÷ V) better illustrates why the Coriolis effect is only significant at longer ranges.)

  


  

  
    	Total Coriolis drift = ω × sin(Latitude) × (D2 ÷ V)


    	0.00007292 rad⁄s × sin (61.22°) × (1000 m)² ÷ 1000 m⁄s


    	0.00007292 rad⁄s × 0.876475 × 1000 m ×1 s


    	0.06391 m ≈ 6.4 cm.

  


  

  Latitudinal Coriolis Effect
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  8.b Longitudinal (East-West) Coriolis Effect


  

  

  
    	Coriolis Drift = ω × sin(Latitude) × (D2 ÷ V).

  


  

  

  

  

  

  

  Longitudinal Coriolis Effect 1
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  Longitudinal Coriolis Effect 2
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  8.c Altitude (Up-Down) Eotvos Effect


  

  

  

  

  

  

  
    	Eotvos effect =  ((Distance-to-target) × (Time-of-flight)) ×

  


  

  

  
    	(Distance-to-target) × (Time-of-flight) = ((V × 2 × (Bullet-Drop)) ÷ g)


    	Eotvos effect =  ((V × 2 × (Bullet-Drop)) ÷ g) × 

  


  

  
    	V is the bullet’s average velocity.


    	(Bullet-Drop) is the expected distance a bullet vertically drops at the target distance. This number can be found by firing North or South, where there is no Eotvos effect.


    	g is the acceleration due to gravity (9.8 m⁄s2).


    	ω represents the Earth’s rotation rate (0.00007292 radians⁄second).


    	(Latitude) is degrees from the equator.


    	(Azimuth) is the direction in which the bullet is fired, clockwise from true North.

  


  

  
    	Eotvos effect =  (1000 × 1) × 

  


  

  

  

  
    	Eotvos effect =  ((2 × 4.9 × 1000) ÷ 9.8) × 
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    	10-1% wider diameter at equator than at poles, centrifugal acceleration


    	10-2% mountains, valleys, ocean ridges, subduction


    	10-3% density variations in crust and mantle


    	10-4% salt domes, sediment basins, ores


    	10-5% tides, atmospheric pressure


    	10-6% temporal variations: oceans, hydrology


    	10-7% ocean topography, polar motion


    	10-8% general relativity
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	Sharing your experience really helps the community.
Thank you!	Review 
	 If you like tactics, consider: 	 If you like shooting, consider: 	 If you like laughing, consider: 
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