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If 𝑢 is the initial speed of the particle, then (taking the point of 

projection as the Origin), 

𝑥 = 𝑢𝑐𝑜𝑠𝜃. 𝑡  &  𝑦 = 𝑢𝑠𝑖𝑛𝜃. 𝑡 −
1

2
𝑔𝑡2  

⇒ 𝑦 = 𝑥𝑡𝑎𝑛𝜃 −
𝑔𝑥2

2𝑢2𝑐𝑜𝑠2𝜃
  (1) 

Let 𝐴 =
𝑔

2𝑢2 

(1) ⇒  𝑑2 = 𝑑1𝑡𝑎𝑛𝜃 − 𝐴𝑑1
2(1 + 𝑡𝑎𝑛2𝜃)  (2) 

and  𝑑1 = 𝑑2𝑡𝑎𝑛𝜃 − 𝐴𝑑2
2(1 + 𝑡𝑎𝑛2𝜃)  (3) 

Then (2) ⇒    𝐴 =
𝑑1𝑡𝑎𝑛𝜃−𝑑2

𝑑1
2(1+𝑡𝑎𝑛2𝜃)

 (4)  and (3) ⇒   𝐴 =
𝑑2𝑡𝑎𝑛𝜃−𝑑1

𝑑2
2(1+𝑡𝑎𝑛2𝜃)

 

Equating these two expressions, 

(𝑑1𝑡𝑎𝑛𝜃 − 𝑑2)𝑑2
2 = (𝑑2𝑡𝑎𝑛𝜃 − 𝑑1)𝑑1

2  

⇒ 𝑡𝑎𝑛𝜃(𝑑1𝑑2
2 − 𝑑2𝑑1

2) = 𝑑2
3 − 𝑑1

3  
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⇒ 𝑡𝑎𝑛𝜃 =
(𝑑2−𝑑1)(𝑑1

2+𝑑1𝑑2+𝑑2
2)

𝑑1𝑑2(𝑑2−𝑑1)
=

𝑑1
2+𝑑1𝑑2+𝑑2

2

𝑑1𝑑2
 , as required   (5) 

 

From (1), the range R satisfies  𝑅𝑡𝑎𝑛𝜃 − 𝐴𝑅2(1 + 𝑡𝑎𝑛2𝜃) = 0 

Then, as 𝑅 ≠ 0, 𝑡𝑎𝑛𝜃 − 𝐴𝑅(1 + 𝑡𝑎𝑛2𝜃) = 0, 

so that 𝑅 =
𝑡𝑎𝑛𝜃

𝐴(1+𝑡𝑎𝑛2𝜃)
 

From (4), 𝐴(1 + 𝑡𝑎𝑛2𝜃) =
𝑑1𝑡𝑎𝑛𝜃−𝑑2

𝑑1
2 , 

so that, from (5),  𝑅 =
𝑡𝑎𝑛𝜃.𝑑1

2

𝑑1𝑡𝑎𝑛𝜃−𝑑2
=

(𝑑1
2+𝑑1𝑑2+𝑑2

2)(
𝑑1
𝑑2

)

(
𝑑1

2+𝑑1𝑑2+𝑑2
2

𝑑2
)−𝑑2

 

=
𝑑1(𝑑1

2+𝑑1𝑑2+𝑑2
2)

𝑑1
2+𝑑1𝑑2+𝑑2

2−𝑑2
2 =

𝑑1
2+𝑑1𝑑2+𝑑2

2

𝑑1+𝑑2
  

 


