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Abstract. This project seeks to answer at what angle does a gun marksman have to aim in order to hit the center of a
target one meter off the ground and 1000 meters away? We begin by modeling the bullet's trajectory using Euler's
method with the help of a Microsoft Excel spreadsheet solver, and then systematically search for the angle
corresponding to the center of the target. It was found that a marksman shooting a target 1000 meters away and 1 meter
off the ground has to aim the rifle 0.436° above horizontal to hit the center.
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PROBLEM STATEMENT 

At what angle above the horizontal does a gun marksman shooting one meter off the 

ground in       weather; have to aim a Remington 30-06 rifle to hit the center of a target that is 

1000 meters away and one meter off the ground? Take into account air resistance and ignore the 

wind variable. You may assume a bullet mass of     grains, muzzle velocity of        , bullet 

diameter of        and the shooter is at sea level. 

MOTIVATION 

The calculation of bullet trajectories is necessary help scientist and engineers develop 

equipment for the United States Department of Defense, particularly Marine Corp snipers. 

Snipers specialize in long distance shooting, both at targets of known and unknown distances. 

There are many important pieces that factor into the understanding of bullet trajectories: air 

resistance, angle, air pressure and temperature, muzzle velocity, bullet shape and drag 

coefficient. All of these factors contribute to the accuracy of the bullet hitting the desired target. 

Snipers usually have one chance to hit their target and knowing all the above pieces can make 

the job easier. Scientist and engineers work together to construct simulations, to develop data 

that can benefit snipers in real life situations. Ballistics data also goes into the design and 

construction of scopes, rangefinders and different types of ammunition.  
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MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH 

Let  ( ) and  ( ) denote the horizontal and vertical displacement of the bullet at the time 

 . Similarly define   ( ) and   ( ) to be the horizontal and vertical velocity of the bullet at the 

time    We use   ( ) to denote the derivative of the function  ( ) with respect to    We first use 

the density of air         
 

 
 to calculate the drag, 

   
 

 
      , (1) 

where         is the drag coefficient of the bullet and   is the area of the bullet head in   . 

We now use the well-known motion equations for an object moving through a gravitation field to 

see: 

   
 ( )   

 

 
    ( ) (2) 

   
 ( )     

 

 
    ( ) (3) 

where   is the mass of the bullet in kilograms,   is the acceleration due to gravity and   is the 

magnitude of the velocity vector. Using the velocity of the bullet given in the problem we can 

determine our initial conditions: 

   ( )    ( )         (4) 

   ( )    ( )        (5) 

  ( )    (6) 

  ( )   . (7) 
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Now Euler’s method gives: 

  (    )   ( )       ( ) (8) 

where  ( ) is any of the functions  ( )  ( )   ( ) or   ( ). We now use an Excel Spreadsheet 

solver and a guess and check method to determine the value of  , the angle above the horizontal, 

which causes the bullet to strike the center of the target. The Excel Spreadsheets are given in the 

Appendix. 

DISCUSSION 

In order to hit the center of the target as stated in the problem, the gun marksman will 

have to aim the barrel of the Remington 30-06 rifle at        above the horizontal. The result 

was considerably smaller than the expected     above the horizontal. The data from the problem 

shows the time it took for the bullet to hit the target, the maximum height the bullet reaches 

while in flight and the velocity of the bullet as it hits the target. Although Euler’s method only 

provides an approximation we believe the method is sufficient for the problem at hand, as our 

approximation takes air resistance into consideration. 

To the problem at hand, there is a dramatic difference between methods that take into 

account the air resistance compared to methods that neglects the effect of air resistance. We 

provide Figure 1 and Figure 2 to highlight these differences in our situation. 
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Figure 1:  Trajectory of a bullet fired from a Remington 30-06 rifle at an angle of        above the 

horizontal to hit a target sitting 1m off the ground 1000m away. 

 

 

Figure 2:  Trajectory of a bullet fired from a Remington 30-06 rifle at an angle of        above the 

horizontal to hit a target sitting 1m off the ground 1000m away. 

With air resistance the bullet launched at an angle of        above the horizontal travels 

a little over two meters vertically and remains in flight for       seconds before striking the 

target. Without air resistance the rifle must be aimed        above the horizontal to hit the center 

of the target and the bullet remains airborne for       seconds, travelling     meters vertically. 
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Clearly air resistance should be considered for measuring a bullet’s flight, otherwise the data will 

be distorted. This information is essential to engineers and scientists who develop guns, scopes, 

rangefinders and ammunition. 

CONCLUSION AND RECOMMENDATIONS 

In summary, we determined that a gun marksman has to aim the gun at        to hit the 

center of a target    off the ground and       away with an air temperature of      . With 

the results stemming from our initial assumptions known, it would be interesting to run a similar 

problem with different assumptions and compare results. What is the effect of a different 

ambient temperature, elevation, or even bullet type? For our calculations we assumed a pointed 

soft point bullet. Pointed soft point bullets are solid compared to hollow point bullets (see Fig. 3) 

that have a small hollow point. As a result of the small indentation on the tip of the bullet, it is 

possible that hollow point bullet shot at the target in the same conditions would have more drag 

and require a different launch angle to hit the center of the target. 

  

Figure 3:  Comparison of soft point (left) and hollow point (right) bullets. 
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NOMENCLATURE 

Symbol Definition Units 

P Pressure Atmospheres 

V Volume Liters 

T Temperature   

  Angle off Horizontal Degrees 

  Speed 
      

      
 

  Drag Coefficient No Units 

  Mass Kilograms 

A Area         

  Drag No Units 
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APPENDIX – EULER’S METHOD COMPUTATIONS 

 

Figure 4:  Screenshot of calculations for Euler’s method using Microsoft Excel. 

 

 

Figure 5:  Screenshot of formulas used in the calculation of Euler’s method. 
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