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        MOTION WITH UNIFORM VELOCITY IN A PLANE  
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                                                                                                      [Projectile fired at an angle with the horizontal). 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

              

 

 

 

 

 

 

 

 

 

 

  

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

         

 

 

 

 

 

 

 

 

          FOR , COMPLEMENTARY ANGLE OF PROJECTIONS 

 

 

 

 



 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

            NON – UNIFORM MOTION IN A PLANE 
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Knowledge + 
 
 A body is said to be projectile if it is projected into space with some initial velocity and then it continues to 

move in a vertical plane such that its horizontal acceleration is zero and vertical downward acceleration is 
equal to g. 

 
 In projectile motion, the horizontal motion and the vertical motion are independent of each other i.e., 

neither motion affects the other. 
 

 The horizontal range is maximum for   = 45 and Rm = u2/g.  
    

 The horizontal range is same when the angle of projection is  and (90– ). 
 

 Again, the horizontal range is same for the angles of projection of (45 – ). 
  
 At the highest point of the parabolic path, the velocity and acceleration of a projectile are perpendicular 

each other. 
 
 The velocity at the end of flight of an oblique projectile is the same in magnitude as at the beginning but 

the angle that it makes with the horizontal is negative of the angle of projection. 
 
 In projectile motion, the kinetic energy is maximum at the point of projection or point of reaching the 

ground and is minimum at the highest point. 
 
 There are two values of time for which the projectile is at the same height. The sum of these two times is 

equal to the time of flight. 
 
 The maximum horizontal range is four times the maximum height attained by the projectile, when fired at 

 = 45. Thus hm = Rm/4 = u2/4g. 
 
 If a body is projected from a place above the surface of the earth, then for the maximum range the angle of 

projection should be slightly less than 45. For javelin throw and discus throw, the athlete throws the 

projectile at an angle slightly less than 45 to the horizontal for achieving maximum range. 
 
 The trajectory of a projectile is parabolic only when the acceleration of the projectile is constant and the 

direction of acceleration is different from the direction of projectile’s initial velocity. The acceleration of a 
projectile thrown from  
the earth is equal to acceleration due to gravity (g) which remains constant if 

 (i) The projectile does not go to a very larger height. 
 (ii) The range of the projectile is not very large. 
 (iii) The initial velocity of the projectile is not large. 
 Thus, the trajectory of a bullet fired from a gun will be parabolic, but not so the trajectory of a missile. 
 
 The shape of the trajectory of the motion of an object is not determined by position along but also depends 

on its initial position and initial velocity. Under the same acceleration due to gravity, the trajectory of an 
object can be a straight line  
or a parabola depending on the initial conditions. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q. 1. A cricket ball is thrown at a speed of 28 ms–1 in a direction 30 above the horizontal. Calculate                                       
 (a) the maximum height, (b) the time taken by the ball to return to the same level, and (c) the distance 
from the thrower to the point where the ball returns to the same level.     

 Sol. Here u = 28 ms–1,  = 30 
  (a) Maximum height, 

   H = u2 sin2  = 282 sin2 30 = 10.0 m  

                2g           2  9.8 
  (b) The time taken by the ball to return to the same level, 

   T = 2u sin  = 2  28  sin 30 = 2.9 s    
               g      9.8 
  (c) The distance from the thrower to the point where the ball returns to the same level, 

   R = u2 sin 2 = 28  28  sin 60 = 69.3 m    
                g         9.8 

Q. 2. A body is projected with a velocity of 30 ms–1 at an angle of 30 with the vertical. Find the maximum 
height, time of flight  
and the horizontal range.       

Sol. Here u = 30 ms–1,  

 Angle of projection,  = 90 – 30 = 60 
Maximum height,         

  H = u2 sin2  = 302 sin2 60 = 34.44 m  

               2g            2  9.8    
 Time of flight,  

  T = 2 u sin  = 2  30 sin 60 = 5.3 s 
               g     9.8 
 Horizontal range, 

  R = u2 sin 2 = 302 sin 120    

              g                   9.8              = 302 sin 60 = 79.53 m  
                                                   9.8 



 

 

 

Q. 3. A cricketer can throw a ball to a maximum horizontal distance of 100 m. How high above the ground can 
the cricketer throw the same ball?   

Sol. Let u be the velocity of projection. Then 
  Rmax = u2 = 100 m 
               g  
 or  u2 = 100 g    or    u = √100 g 
 For upward throw of the ball, we have  
  u = √100 g, v = 0, a = – g, s =? 
 As  v2 – u2 = 2as 
 ∴ 0 – 100 g = 2 (– g) s 
 or  s = – 100 g = 50 m  
          – 2g            Thus the cricketer can throw the same ball to a height of 50 m. 

Q. 4. The ceiling of a long hall is 25 m high. What is the maximum horizontal distance that a ball thrown with a 
speed of 40 ms–1 can go without hitting the ceiling of the ball? 

Sol. Here H = 25 m, u = 40 ms–1 

 If the ball is thrown at an angle  with the horizontal, then maximum height of flight, 

  H = u2 sin2      ∴     25 = (40)2 sin2     

              2g                 2  9.8    

 or  sin2  = 25  2  9.8 = 0.306 
       (40)2 

 or  sin  = √0.306 = 0.554 

 and  cos  = √1 – sin2  = √1 – 0.306  
  = √0.694 = 0.833 
 The maximum horizontal distance is given by  

  R = u2 sin 2 = 2u2 sin  cos  = 2  (40)2  0.554  0.833 = 150.7 m 
                g       g                               9.8           

Q. 5. A bullet fired at an angle of 30 with the horizontal hits the ground 3 km away. By adjusting the angle of 
projection, can one hope to hit a target 5 km away? Assume the muzzle speed to be fixed and neglect air 
resistance. 

Sol. In the first case,  R = 3 km = 3000 m,  = 30 

 Horizontal range, R = u2 sin 2     ∴     3000 = u2 sin 60 
                             g                           g  

 or  u2 =   3000   = 3000  2 = 2000 √3  

    g      sin 60         √3           
 Maximum horizontal range, 
  Rmax = u2 = 2000 √3 m = 3464 m = 3.64 km 
               g  

But distance of the target (5 km) is greater than the maximum horizontal range of 3.46 km, so the target cannot be hit 
by adjusting the angle of projection. 

 

 

 

 

 

 

 

 



 

 

 

Q. 7. A boy stands at 39.2 m from a building and throws a ball which just passes through a window 19.6 m 
above the ground. Calculate the velocity of projection of the ball.     

Sol. Here H = 19.6 m 
  R = 39.2 + 39.2 = 78.4 m 
 As proved in the above example, 

  H = 1 = tan            
  R     4 

 or  tan  = 4H = 4  19.6 = 1 
                 R         78.4   

 ∴  = 45 

 As  u2 sin 2 = R  ∴ u2 sin 90 = 78.4 
         g          9.8 

 or  u = √78.4  9.8 = 19.6 √2 = 27.72 ms–1 

Q. 8. Find the angle of projection for which the horizontal range and the maximum height are equal. 
Sol. Given horizontal range = maximum height 

 or  u2 sin 2 = u2 sin2     
         g           2g  

 or  2 sin  cos  = sin2  
                  2 

 or  sin  = 4     or     tan  = 4     

  cos                                           ∴  = 75 58’ 
 

Q. 9. Prove that the maximum horizontal range is four times the maximum height attained by the projectile, 
when fired at an inclination so as to have maximum horizontal range. 

Sol. For  = 45, the horizontal range is maximum and is given by  
  Rmax = u2 
               g  
 Maximum height attained, 

  Hmax = u2 sin2 45 = u2 = Rmax  
     2g            4g       4    
 or  Rmax = 4Hmax. 
 

Q. 10. A ball is kicked at an angle of 30 with the vertical. If the horizontal component of its velocity is 19.6 ms–

1, find the maximum height and horizontal range.  

Sol. Here  = 90 – 30 = 60 

 Horizontal velocity = u cos 60 = 19.6 ms–1 
 ∴ u =    19.6    = 19.6 = 39.2 ms–1   

         cos 60     0.5 
 ∴ Maximum height, 

  H = u2 sin2 60 =  (39.2)2     √3  2 = 58.8   

                2g             2  9.8         2 

 Horizontal range, R = u2 sin  = (39.2)2  sin 120 
                g                     9.8 

  = (39.2)2     √3    = 135.8 m 
        9.8             2   

 

 

 

 

 



 

 

 

 

When  = 30, 

  H2 = u2 sin2 30 = u2    1  2   = u2 
                 2g            2g   2          8g   
 

 ∴ H1: H2 = 3u2  8g = 3 : 1                                                                                                                                          
    8g     u2 

 Thus, the gun will shoot three times as high when elevated at an angle of 60 as when fired at an angle of 30. 

 Horizontal range of a projectile, R = u2 sin 2 
             g  

 When   = 60,    R1 = u2 sin 120 = √3 u2 
      g                 2g 

 When   = 30,   R2 = u2 sin 60 = √3 u2 
     g               2g  
 Thus R1 = R2, i.e., the horizontal distance covered will be same in both cases. 
 

Q. 12. A ball is thrown at angle  and another ball is thrown at an angle (90 – ) with the horizontal direction 
from the same point with velocity 39.2 ms–1. The second ball reaches 50 m higher than the first ball. Find 
their individual heights.  
Take g = 9.8 ms–2.     

Sol. For the first ball: Angle of projection = , Velocity of projection, u = 39.2 ms–1 

 As maximum height, H = u2 sin2  
      2g  

 ∴ H = (39.2)2 sin2    ... (1) 

              2  9.8 
  

For the second ball: Angle of projection = 90 – , velocity of projection, u = 39.2 ms–1, maximum height reached = (H + 
50) m     13 

 ∴ H + 50 = (39.2)2 sin2 (90 – ) 

               2  9.8       

 or  H + 50 = (39.2)2 cos2   ... (2)  

        2  9.8 
 Adding (1) and (2), we get  

  2H + 50 = (39.2)2 (sin2  + cos2 ) = (39.2)2   = 78.4 

       2  9.8        2  9.8 
 or  2H = 78.4 – 50 = 28.4     or    H = 14.2 m 
 ∴ Height of first ball = H = 14.2 m  Height of second ball = H + 50 = 14.2 + 50 = 64.2 m 

Q. 13. If R is the horizontal range for  inclination and h is the maximum height reached by the projectile, show 
that the maximum range is given by   R2   + 2h. 

                    8h 
Sol. Horizontal range, R = u2 sin 2 
                2g  

 ∴ R2 + 2h = u4 (sin 2)2        2g       + 2u2 sin2   

  8h                    g2          8u2 sin2           2g  

  = u2 (2 sin  cos )2 + u2 sin2  

             4 g sin2               g  

  = u2 cos2  + u2 sin2   
            g               g  

  = u2 (cos2  + sin2 ) = u2    
      g            g  
 or  R2 + 2h = Rmax  
  8h 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q. 15. Show that there are two values of time for which a projectile is at the same height. Also show that the 
sum of these two heights of equal to the time of flight.       

  
Sol. For vertically upward motion of a projectile, 

  y = u sin  . t – ½ gt2 

 or  ½ gt2 – u sin  . t + y = 0 
 This is a quadratic equation in t. Its roots are   

  t1 = u sin  – √u2 sin2  – 2 g y (Lower value) 
                g        

 and  t2 = u sin  + √u2 sin2  – 2g y (Higher value) 
               g  
 These are the two values of time for which the vertical height y is same, first while going up and second while going 

down. 

 Now, t1 + t2 = u sin  – √u2 sin2  – 2 gy + u sin  + √u2 sin2  – 2 g y 
      g           g  

 or  t1 + t2 = 2u sin  = T, the time of flight.  
      g  

Q. 16. Two projectiles are thrown with different velocities and at different angles so as to cover the same 
maximum height. Show that the sum of the times taken by each to reach the highest point is equal to the 
total time taken by either of the projectiles. 

Sol. If the two projectiles are thrown with velocities u1 and u2 at angle 1 and 2 with horizontal, then their 
maximum heights  

will be H1 = u1
2 sin2 1 and  H2 = u2

2 sin2 2        
   2g    2g 
 But  H1 = H2  

 ∴ u2
1 sin2 1 = u2

2 sin2 2 
          2g              2g  

 or  u1 sin 1 = u2 sin 2  ... (1) 
  

 



 

 

 

 

 

 

 

 

 

 

 

 

Q. 17. A fighter plane flying horizontally at an altitude of 1.5 km with a speed 720 kmh–1 passes directly 
overhead an antiaircraft gun. At what angle from the vertical should the gun be fired for the shell muzzle 
speed 600 ms–1 to hit the plane? At what maximum altitude should the pilot fly the plane to avoid being 
hit? Take g = 10 ms–2. 

Sol. Speed of plane = 720 kmh–1 = 200 ms–1 
 The shell moves along curve OL. The plane moves along PL. 

                 Y  
 
             Plane u = 720 kmh–1   
                 P                              L   
 
 
           600 ms–1  
 
 

                  
   O 600 cos                 X 
 Let them hit after a time t. 
 For hitting, horizontal distance travelled by the plane = Horizontal distance travelled by the shell. 

 Horizontal velocity of plane  t = Horizontal velocity of shell  t 

  200  t = 600 cos   t 

  cos  = 200 = 1      or       = 70 30’ 
                600    3 

 The shell should be fired at angle of 70 30’ with the horizontal or 1930’ with the vertical. 
 The maximum height of flight of the shell is  

  h = u2 sin2  = u2 (1 – cos2 )    
                    2g       2g  

     (600)2    1 – 1            
  =             9    = 16000 m = 16 km 

              2  10  

Thus, the pilot should fly the plane at a minimum altitude of 16 km to avoid being hit by the shell. 

Q. 18. A hunter aims his gun and fires a bullet directly at a monkey on a free. At the instant the bullet leaves the 
barrel of the gun, the monkey drops. Will the bullet hit the monkey? Substantiate your answer with 
proper reasoning. 

Sol. As shown in Fig., the gun at O is directed towards the monkey at position M. Suppose the bullet leaves the barrel of 

the gun with velocity u at an angle  with the horizontal. Let the bullet cross the vertical line MB at A after tiem t. 

Horizontal distance travelled. OB = x = u cos . T 
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Q. 19. A machine gun is mounted on the top of a tower 100 m high. At what angle should the gun be inclined to 
cover a maximum range of firing on the ground below? The muzzle speed of the bullet is 500 ms–1, take g 
= 10 ms–2. 

Sol. Let u be the muzzle speed of the bullet fired from the gun (on the top of the tower) at an angle  with the horizontal, 
as shown in Fig. 

 Clearly, the total range of firing on the ground is  

  x = u2 sin 2 + 100 cot  

 ∴ dx = u2  2 cos 2 + 100  (– cosec2 )   

  d              g    

  = 2u2 (1 – 2 sin2 ) –    100                    u 

       g        sin2           u sin  

  = 4500 – 9000 sin2  –    100     

              sin2                         
 For x to be maximum,      O 

  dx = 0         u cos  

  d 

 or  4500 – 9000 sin2  –    100    =                 

           sin2        100 m                  u   

 or  90 sin4  – 45 sin2  + 1 = 0 

 or  sin2  = 45  √(–45)2 – 4  90  1 

                2  90                   

   = 45  40.80              Ground 

            180           u2 sin2 /g  100 cot  
 Taking only positive sign,       x   

  sin2  = 0.4767 

 or  sin  = 0.6904   Or   = 43.7 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q. 21. A target is fixed on the top of a pole 13 metre high. A person standing at a distance of 50 metre from the 
pole of capable of projectile a stone with a velocity 10 √g ms–1. If he wants to strike the target in shortest 
possible time, at what angle should he project the stone?        

                              
 Sol. The trajectory of a projectile is given by 

   y = x tan  –         gx2                    

            2u2 cos2   
  As the target lies on the path of projectile, so  

   13 = 50 tan  –   g  (50)2   sec2   [∵ u = 10 √g ms–1]  
                 2 (10√g)2   

  or  13 = 50 tan  – 25 sec2  
                 2 

    = 50 tan  – 25 (1 + tan2 )  
             2 

  or  25 tan2  – 100 tan  + 51 = 0 

  ∴ tan  = 100  √4900 = 17    or    3 
            50            5           5 
  The horizontal distance covered in time t is given by 

   x = (u cos ) t  or       50 = (10 √g) (cos ) t       
  or  t =             5           

            10 √g cos   

  For t to be minimum, cos  should be maximum, cos  is greatest if tan  is least, i.e.,  

   tan  =   3     or     = tan–1   3  = 30 58’  
                   5   5 

 



 

 

 

 

Q. 22. Show that the motion of one projectile as seen from another projectile will always be a straight-line  
              motion. 
Sol. As shown in Fig. Suppose two projectiles are thrown from the origin O of the XY-plane with velocities u1 and u2, 

making angles 1 and 2 respectively with X-axis. After time t, let the two projectiles occupy position A (x1, x1) and B 
(x2, y2). Then 

  x1 = u1 cos 1. t               Y 

and  y1 = u1 sin 1. t – ½ gt2  

Also,  x2 = u2 cos 2. t   

and y2 = u2 sin 2. t – ½ gt2            B(x2, y2) 

∴ x2 – x1 = (u2 cos 2 – u1 cos 1) t                   u2 

 y2 – y1 = (u2 sin 2 – u1 sin 1) t 

or  y2 – y1 = u2 sin 2 – u1 sin 1 = m (a constant)          u1 

 x2 – x1    u2 cos 2 – u1 cos 1                     A (x1, y1) 

if (x, y) be the coordinates of point B relative to the point A, then            2  

 x2 – x1 = x     and     y2 – y1 = y    1             
X 
∴ y = m       or      y = mx  
 x                     This is the equation of a straight line. Hence the motion of a projectile as seen from another 
projectile is a straight-line motion. 

 

Q. 23. A particle is projected over a triangle from one end of a horizontal base and grazing the vertex falls on 

the other end of the base. If  and  be the base angles and  the angle of projection,  

prove that tan  = tan  + tan .            
Sol. The situation is shown in Fig. 
 If R is the range of the particle, then from the figurewe have  

  tan  + tan  = y +      y      = y (R – x) + xy     Y   
                x      R – x          x (R – x) 

  or  tan  + tan  = y        R        ... (1)  
                x      (R – x) 
  Also, the trajectory of the particle is                 u            P (x, y)   

   y = x tan  – ½ g         x2       

                    u2 cos2  

      = x tan    1 –             gx              

                 2u2 cos2  tan               y  

      = x tan    1 –         g          x    = x tan    1 – x     O                       
X     

                 u2 sin 2                  R         B  A 

  or  tan  = y       R      ... (2)    x    R – x  
                 x    (R – x)       

  From equations (1) and (2), we get     tan  = tan  + tan  

 

 

 

 

 

 



 

 

 

       

 From (1) and (3), s cos  = u cos  . t    Y 

 or  t = s cos        

        u cos  
 From (2) and (4),              P 

  s sin  = u sin  . t – ½ gt2
           u   

  = u sin  . s cos  – ½ g . s2 cos2   

     U cos              u2 cos2  

 ∴ g = 2u2 =    sin  cos  – cos  sin     cos  

          g                      cos2             

  = 2u2 sin ( – ) cos      O                  

   g cos2  

  = 2  (21)2 sin (60 – 30) cos 60 = 30 m      

    9.8  cos2 30 
 

     Problems For Practice 

Q. 1. A football player kicks a ball at an angle of 37 to the horizontal with an initial speed of 15 ms–1. 
Assuming that the ball travels in a vertical plane, calculate (i) the time at which the ball reaches the 
highest point (ii) the maximum height reached (iii) the horizontal range of the projectile and (iv) the time 
for which the ball is in air. 

Sol. (i) Time of ascent = u sin  = 15  sin 37 = 0.923 s  
           g             9.8 

 (ii) H = u2 sin2  = (15)2 sin2 37 = 4.16 m 
    2g           9.8 

 (iii) R = u2 sin 2 = (15)2 sin 74 = 21.2 m  
      g            9.8 

 (iv) T = 2u sin  = 2  15 sin 37 = 1.84 s    
     g          9.8  

Q. 2. A body is projected with a velocity of 20 ms–1 in a direction making an angle of 60 with the horizontal. 
Calculate its (i) position after 0.5 s and (ii) velocity after 0.5 s.  

Sol. Here u = 20 ms–1,  = 60, t = 0.5 s  

 (i) x = (u cos ) t = (20 cos 60)  0.5 = 5 m 

  y = (u sin ) – ½ gt2 = (20  sin 60)  0.5 – ½  9.8  (0.5)2 = 7.43 m 

 (ii) vx = u cos  = 20 cos 60 = 10 ms–1 

  vy = u sin  – gt = 20 sin 60 – 9.8  0.5 
   = 12.42 ms–1 
 ∴ v = √v2

x + v2
y = √(10)2 + (12.42)2 = 15.95 ms–1 

  tan  = vy = 12.42 = 1.242     
                vx       10 

 ∴  = tan–1 1.242 = 51.16 

Q. 3. A bullet is fired at an angle of 15 with the horizontal and hits the ground 6 km away. Is it possible to hit 
a target 10 km away by adjusting the angle of projection assuming the initial speed to be the same?                               

Sol. As  R = u2 sin 2         ∴    6 = u2 sin 30 
                g       g  
 or u2 =       6      = 12  

   g      sin 30 
 Also,  Rmax = u2 = 12 km       
               g  
 As Rmax > 10 km, the bullet can hit the target at a distance of 10 km by adjusting the angle of projection. 
 
 



 
 
 
 
 
 

Q. 4. A football is kicked 20 ms–1 at a projection angle of 45. A receiver on the goal line 25 metres away in the 
direction of the kick runs the same instant to meet the ball. What must be his speed, if he is to catch the 
ball before it hits the ground? 

Sol. Horizontal range, 

  R = u2 sin 2 = (20)2  sin 90 = 40.82 m 
                g     9.8 
 Distance required to be covered by the receiver to meet the football = 40.82 – 25 = 15.82 m. This distance 

must be covered during the time of flight of the ball (2.866 s). 
 ∴ Velocity with which player should run to catch the ball  
   = 15.82 = 5.483 ms–1     
      2.886 

Q. 5. A bullet fired at an angle of 60 with the vertical hits the ground at a distance of 2 km. Calculate the 

distance at which the bullet will hit the ground when fired at an angle of 45, assuming the speed to be 
the same. 

Sol. In the first case:  = 90 – 60, R = 2 km 

 As  R = u2 sin 2       ∴      2 = u2 sin 60   ... (1) 
                g       g   

 In the second case:  = 45 

 ∴ R’ = u2 sin 90    ... (2) 
                 g  

 From (1) and (2), R’ = sin 90 =   2   = 2√3      

   2     sin 60    √3        3 

 ∴ R’ = 4  1.732 = 2.31 km        
                 3  
Q. 6. A person observes a bird on a tree 39.6 m high and at a distance of 59.2 m. With what velocity the person 

should throw an arrow at an angle of 45 so that it may hit the bird? 
Sol. For horizontal motion of the arrow: 

 u cos 45 . t = 59.2   or   u = 59.2 √2 
            t  
 For vertical motion of the arrow: 

  39.6 = u sin 45 . t – ½  9.8  t2 

 ∴ 39.6 = 59.2 √2 .   1   t – ½  9.8 t2  
     t           √2 
 or  t2 = 59.2 – 39.6 = 19.6 = 4    or    t = 2 s  
                 4.9  4.9 
 Hence  u = 59.2 √2 = 29.6 √2 = 41.86 ms    
               2 

Q. 7. A ball is thrown from the top of a tower with an initial velocity of 10 ms–1 at an angle of 30 with 
the horizontal. If it hits the ground at a distance of 17.3 m from the base of the tower, calculate 
the height of the tower. Given g = 10 ms–2. 

Sol. Here  = 30, u = 10 ms–1, R = 17.3 m, g = 10 ms–2  

 For horizontal motion, R = u cos  . t  

 or  t =       R      =       17.3      = 17.3  2   

         u cos     10 cos 30     10  √3 

  =    17.3  2   = 2 s      

       10  1.73 

 For vertical motion, y = u sin  . t – ½ gt2= 10 sin 30  2 – ½  10  22 = 10 – 20 = – 10 m;  Height of tower = 
10 m 

 
 



 
 
 
 
 
 
Q. 8. Prove that the time-of-flight T and the horizontal range R of a projectile are connected by the equation: 

gT2 = 2R tan , where  is the angle of projection. 

Sol. As  R =   u2 sin 2    and     T = 2u sin  
                  g       g  

 ∴ gT2 = g  4u2 sin2  = 2u2  2 sin  cos   sin   

       g2        g             cos  

  = 2u2 sin 2  tan  = 2 R tan    
              g  
Q. 9. A body is projected with velocity of 40 ms–1. After 2s it crosses a vertical pole of height 20.4 m. Calculate 

the angle of projection and horizontal range.        
Sol. Here u = 40 ms–1, t = 2 s, y = 20.4 m 

 As  y = u sin   t – ½ gt2   

 ∴ 20.4 = 40  sin   2 – ½ 9.8  22 

 or  20.4 + 19.6 = 80 sin      or     40 = 80 sin  

 ∴ sin  = ½ and  = 30 

  R = u2 sin 2 = (40)2 sin 60 = 141.39 m 
               g   9.8 

Q. 10. From the top of a tower 156.8 m high, a projectile is thrown up with velocity of 39.2 ms–1 making an 

angle of 30 with the horizontal direction. Find the distance from the foot of the tower where it strikes 
the ground and the time taken by it to do so. 

Sol. As  y = u sin   t – ½ gt2 

 ∴ – 156.8 = 39.2  ½  t – 4.9 t2 
 or  t2 – 4t – 32 = 0 
 ∴ t = 8, – 4 
 But  t = – 4 is meaningless, so t = 8 s  

 Hence  R = u cos   t = 39.2 cos 30  8= 271.6 m 
 
Q. 11. As shown in Fig., a body is projected with velocity u1 from the point A. At the same time another body is 

projected vertically upwards with the velocity u2 from the point B. What should be the value of u1/u2 for 
both the bodies to collide? 

Sol. For two bodies to collide in air, y1 = y2 

  u1 = sin 60  t – ½ gt2 = u2 t – ½ gt2  

  u1 sin 60  t = u2 t  
 or  u1 =      1        = 2 

  u2     sin 60   √3 
 
Q. 12. A body is projected such that its kinetic energy at the top is 3/4th of its initial kinetic energy. What is the 

initial angle of projection of the projectile with the horizontal? 
Sol. Initial K.E. = ½ mu2 

 K.E. at the top = ½ mu2 cos2  

 ∴ ½ mu2 cos2  = ¾     or     cos2  = ¾  
          ½ mu2 

 or  cos  = √3     or     = 30  
                 2 

 

 

 


