
4

 Range = sx when t =   
2u sin a

 
_______

 
g cos b

  

 ⇒ R = u  [   2u sin a
 

_______
 

g cos b
   ] cos a +   1 __

 
2
   g [   4u2 sin2a

 
________

 
g2 cos2b

   ] sin b

 ⇒ R =   
2u2 sin a cos a

  
_____________

 
g cos b

   +   
2u2 sin2 a sin b

  
_____________

 
g cos2b

  

 ⇒ R =   
2u2 sin a

 
________

 
g cos b

    [ cos a +  
 sin a sin b

 
__________

 
cos b

   ] 
 ⇒ R =   

2u2 sin a 
 _________
 

g cos b
   [   cos a cos b + sin a sin b

  
_____________________

  
cos b

   ] 
      … cos A cos B + sin A sin B = cos(A – B)

 ⇒ R =   
2u2
 _______
 

g cos2 b
   [sin a cos(a – b)]

      … 2 sin A cos B = sin(A + B) + sin(A – B)

   ⇒ sin A cos B =   1 __
 

2
  [sin(A + B) + sin(A – B)] 

 ⇒ R =   
2u2
 _______
 

g cos2 b
    {   1 __

 
2

  [sin(2a – b) + sin b] } 

 ⇒ R =   
u2
 _______
 

g cos2 b
   [sin(2a – b) + sin b]

                                   … as required

  In this equation, u, g and b are fixed. Only 

a, the angle at which the projectile is fired, 

can vary.

  The maximum value for the above 

expression is where sin(2a – b) = 1

 ⇒ 2a – b = 90°

 ⇒ a =   
b + 90°

 _______
 

2
  

 Also, if sin(2a – b) = 1, then

      Rmax =   
u2
 _______
 

g cos2 b
   [1 + sin b]

 ⇒ Rmax =   
u2
 __________
 

g(1 – sin2 b)
   [1 + sin b]

 ⇒ Rmax =   
u2
 __________________

  
g(1 – sin b)(1 + sin b)

   [1 + sin b]

 ⇒ Rmax =   
u2
 __________
 

g(1 – sin b)
   

 (i) b = 20° ⇒ a =   
20° + 90°

 _________
 

2
   = 55°

 (ii) b = 0° ⇒ a =   
0° + 90°

 ________
 

2
   = 45°

Q. 10. vx = u cos q – gt sin a

 vy = u sin q – gt cos a

 sx = ut cos q –   1 __
 

2
   gt2 sin a

 sy = ut sin q –   1 __
 

2
   gt2 cos a

 (i) For time of flight, let sy = 0

  ⇒ ut sin q –   1 __
 

2
   gt2 cos a = 0

  ⇒ 2ut sin q – gt2 cos a = 0

  ⇒ t(2u sin q – gt cos a) = 0

  ⇒

 

t = 0
Point of

Projection
 

 t =   
2u sin q

 
_______

 g cos a  

 
      Time of Flight  

 (ii) Range: sx when t =   
2u sin q

 
_______

 g cos a  

  ⇒ Range = u [   2u sin q
 

_______
 g cos a    ] cos q –   1 __

 
2

   g [   4u2 sin2q
 

________
 

g2 cos2a 
   ] sin a

  ⇒ Range =   
2u2 sin q cos q

  
_____________

 g cos a     –   
2u2 sin2q sin a

  
_____________

 
g cos2a

  

  ⇒ Range =   
2u2 sin q cos q cos a – 2u2 sin2q sin a

   
________________________________

  
g cos2a 

  

  ⇒ Range =   
2u2 sin q[cos q cos a – sin q sin a]

   _____________________________
  

g cos2a 
   

  ⇒ Range =   
2u2 sin q[cos(q + a)]

  __________________
  

g cos2a 
  

 

Q. 10. v = u cos q –q gt sin a


