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A Non-Calculus Derivation of the 

Maximum Range 

 

Let the launching velocity be      , the launching direction measured 

from the horizontal be θ, the landing velocity be     and the time 

of flight be t. 

 

 

 

 

 

 

 

 

In midair, object is acted on by gravity only, so  

 

                    ,                      

 

which can be represented by the following vector diagram 
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Area ofABC 

  = 
 

 
         

     
 

 
                            … (1) 

 

 

The term ucosin eq. (1) is the horizontal component of    , denoted as ux 

 

Therefore, eq (1) can be rewritten as  

Area of △ABC = 
 

 
            = 

 

  
       = 

 

 
  ,  

where R = uxt is the range. 

 

 

Fig 1 C 
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In other words,  

 

 

 

 

 Hence, R is maximum when △ABC has the largest area. 

 At a fixed magnitude of the launching speed (u), the magnitude of the landing 

speed (v) is also fixed (by the principle of conservation of energy). 

 In Fig. 1, the lengths of sides AB and BC are fixed. The area of △ABC is the 

largest only when ∠ABC is a right angle. 

 

 

 
 

 

 If      = 900，      ，     
 

 
 

  

According to energy conservation, 
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Maximum range is achieved when the landing velocity 

is perpendicular to the launching velocity 

v 

u 
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Under the conditions for maximum range, fig (1) becomes 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2 tells the whole story. Obviously,  

1. The range is maximum when the launching angle is         
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2.  The maximum range is 
             

 
  

  

 
  

 
Rmax = 

 

 
   

 

 
          

 

 

 

 

max R 

gt 

  

         

u 

Fig. 2 

area = g Rmax/2 
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3.  The time of flight then is     
      

 
 

           
         

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

h/m 

u = 0.5 ms-1 
u = 1 ms-1 

u = 2 ms-1 

u = 3 ms-1 

u = 10 ms-1 

u = 50 ms-1 

max range/ degree 
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 max range is less than 450 unless h = 0. 

 For large launching speed (u2 >> 2gh), max range   450
 

 For small launching speed (u2 << 2gh), max range << 450
 

For example, h = 1.2 m, u = 4ms-1, max range320 

 Since Rmax= 
 

 
        . 

 

The higher the firing platform (h) is, the larger is the max range. 

    

 For example, 

 u = 4 ms-1  

h = 0,max range450,  Rmax = 1.6m 

 u = 4 ms-1  

h = 1.2m, max range320
Rmax = 2.5m 

 u = 4 ms-1  

h = 1.6m, max range300
Rmax = 2.8m 

 

    

Two Required Qualities of Shot Put Athletes 

1.  Muscular (can give a large u) 

2.  Tall (large h) 
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