
10

 ⇒ tan a =   
sin q
 

_________________
  

cos q – 2 sin q tan a
  

 ⇒ sin q = tan a cos q – 2 sin q tan2 a

 ... divide by cos q

 ⇒ tan q = tan a – 2 tan q tan2 a

 ⇒ tan q (1 + 2 tan2 a) = tan a

 ⇒ tan q =   
tan a
 

___________
  

1 + 2 tan2 a
  

 ⇒ tan q =   
  
sin a

 
_____

 cos a  
 ____________
  

1 +    
2 sin2 a

 
_______

 
cos2 a

  
  

 ... multiply top and bottom by cos2 a

 ⇒ tan q =   
sin a cos a

  
_______________

  
cos2 a + 2 sin2 a

  

 ⇒ tan q =   
sin a cos a

  
____________________

  
cos2 a + 2(1 – cos2 a )

  

 ⇒ tan q =   
sin a cos a

  
___________________

  
cos2 a + 2 – 2 cos2 a

  

 ⇒ tan q =   
sin a cos a

 
__________

 
2 – cos2 a

  

Q. 9. vx = u cos q – gt sin 60˚

    = u cos q –   
gt √

__
 3  
 _____
 

2
  

 vy = u sin q – gt cos 60˚

     = u sin(q – 60˚) –   
gt

 __
 

2
  

 sx = ut cos q –   1 __
 

2
  gt2 sin 60˚

    = ut cos q –   
gt2 √

__
 3  
 _____
 

4
  

 sy = ut sin q –   1 __
 

2
  gt2 cos 60˚

     = ut sin q –   
gt2

 ___
 

4
  

  Maximum Perpendicular Height: Find sy 

when vy = 0

       u sin q –   
gt

 __
 

2
   = 0

 ⇒ 2u sin q – gt = 0

                   ⇒ t =   
2u sin q

 
_______

 g  

 ⇒ H = u [   2u sin q
 

_______
 g   ]  sin q –   

g
 __
 

4
    [   4u2 sin2 q

 
_________

 
g2

   ] 

 ⇒ H =   
2u2 sin2 q

 
_________

 g   –   
u2 sin2 q

 
________

 g  

 ⇒ H =   
u2 sin2 q

 
________

 g  

  For the second part of the question, we let 

sy = H sin2 q

 ⇒ ut sin q –   
gt2

 ___
 

4
   

 =  [   u2 sin2 q
 

________
 g   ]  sin2 q ... multiply by 4g

 ⇒ 4gut sin q – g2t2 = 4u2 sin4 q

 ⇒ g2t2 – 4gut sin q + 4u2 sin4 q = 0

 This is a quadratic equation in t

  ⇒ t =    
4gu sin q ±  √

_________________________

   16g2u2 sin2 q – 16g2u2 sin4 q  
    ____________________________________
  

2g2
  

  ⇒ t =   
4gu sin q ±  √

____________________

  16g2u2 sin2 q(1 – sin2 q)  
    ________________________________
  

2g2
  

 ⇒ t =   
4gu sin q ±  √

_________________

  16g2u2 sin2 q cos2 q  
   _____________________________
  

2g2
  

 ⇒ t =   
4gu sin q ± 4gu sin q cos q

   
_______________________

  
2g2

   

             ... divide top and bottom by 2g

 ⇒ t =   
2u sin q ± 2u sin q cos q

  
_____________________

  g  

 ⇒ t1 =   
2u sin q + 2u sin q cos q

  
_____________________

  g   

         =   
2u sin q(1 + cos q)

  ________________
 g  

 and t2 =   
2u sin q − 2u sin q cos q

  
_____________________

  g   

           =   
2u sin q(1 − cos q)

  ________________
 g  

 t1 – t2 =   
2u sin q(1 + cos q)

  ________________
 g   

              −   
2u sin q(1 − cos q)

  ________________
 g  

 =   
2u sin q

 
_______

 g  [1 + cos q – (1 – cos q)]

 =   
2u sin q

 
_______

 g  (2 cos q)

 =   
2u[2 sin q cos q]

  ______________
 g   

 ... 2 sin q cos q = sin 2q

 =   2u sin 2q
 

_____ g  

 

 

  ⇒

⇒

 

 

 

 

Note: q is 

the angle 

between the 

projection 

and the 

plane.


