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Section Check In – Mechanics: Projectiles
                                 

Questions
Take g = 9.8 unless instructed otherwise.


1.*	In this question, take  .
	A particle is projected from a fixed point O with velocity (i + 3j) m s–1. Find an expression for its velocity at time t.


2.*	A particle is projected from a fixed point O at an angle of 30° above the horizontal with an initial speed 25 m s–1. Find the horizontal distance it travels in 2 seconds.


3.*	A particle is projected with initial speed 10 m s–1 at an angle of 45° above a horizontal plane. Find the time of flight of the particle. 


4.*	A particle is projected with speed of 20 m s–1 at an angle of 30° above a horizontal plane. Find the range of the particle. 


5.*	A particle is projected from a fixed point. Its positions at different times during its flight are shown in the diagram below.

	[image: ]
	
	(i)	Draw an arrow showing the direction of the resultant force on the particle at each position.

	(ii)	Elsie says that the motion would be the same no matter what mass the particle has, as long as it is projected with the same initial velocity. This means that a rolled up piece of paper and a cannonball would move along the same path, if they were projected with the same initial velocity. Evaluate Elsie’s statement.
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6.*	A particle P is projected from a fixed point O with a velocity (7i + 14j) m s–1 and moves freely under gravity.
a) Show that the position of P at any point on it trajectory is given by 



b) Find the height of the particle above the horizontal when it has travelled a horizontal distance of 15 m.

c) Find the direction of motion of P after 2 seconds. 


7.*	A particle is projected with initial speed u m s–1 at an angle of 45° above a horizontal plane. Sketch a graph to show how the time of flight of the particle varies with u.
[image: ]


8.*	Putting the shot is a sport which involves throwing (putting) a heavy ball (the shot).
The path of a particular shot put is modelled with the following equations.

		 
t is the time in seconds after the shot has been put.	
x is the horizontal distance in metres of the shot from where it was thrown.
y is the height of the shot above the ground.

	(i)	How far from the ground is the shot when it is thrown?

	(ii)	How far away from the shot putter does it land?

	(iii)	At what angle to the horizontal is the shot put?

	(iv)	What is the initial speed of the shot?



9.*	A ball is thrown from a window 7 m above horizontal ground with an initial speed of 28 ms-1.  The thrower wants the ball to land on a spot at ground level which is a horizontal          distance 84 m from the window. At what angle above the horizontal should the ball be thrown? 



10.*	In this question, take  .


A projectile is to be modelled as a particle moving freely under gravity. Its velocity at time 2 seconds after projection from a fixed point O is  m s–1 and the acceleration is given by  m s–2.
a) Find the initial velocity of the projectile as a column vector.

b) 
Show that the displacement of the projectile at time t is given by  m .

c) Hence find the distance from O two seconds after projection.

d) What assumptions have been made when setting up this model? 

e) How could the model be improved?

	


Extension


Fabien is practicing archery by firing arrows at apples that are projected vertically upwards from a point that is 25  m away from where he is standing. The apples are projected with velocity 10 m s–1 at exactly the same instant as Fabien releases each arrow. Each arrow is fired from a point that is 1.5 m above horizontal ground at an angle of 20° above the horizontal. 
a) Find the initial speed with which each arrow needs to be fired if it is to hit the apple.

b) Find a formula for the initial speed of an arrow in terms of the horizontal distance between the archer and the point at which the apple is projected, the initial speed of the arrow, the initial speed of the apple, the angle above the horizontal at which the arrow is fired and the distance above horizontal ground from which the arrow is fired.








Worked solutions


1.	


2.	Horizontal velocity is constant


Distance =  


3.	For the vertical motion


	 

	 
	0 is the start of the motion so the time of flight is 1.44 s.


4.	For the vertical motion


	 

	 

	Horizontal velocity is constant


Range =  







5.	(i)	The only force acting is gravity which acts downwards
[image: ]
(ii)	Elsie is right about the model but the model ignores air resistance and that might need to be taken into account for the piece of paper so the paper and the cannonball might not move along the same path in practice.


6.	a)	 Horizontal motion

 	
Vertical motion

 


b) 

c) Horizontal component of the velocity is constant and equal to 7 m s–1
    

    For the vertical component of the velocity use  


	
direction is given by  



 below the horizontal










7.	For the vertical motion


	 

	 

	0 is the start of the motion so the time of flight is .
	This is directly proportional to u.

[image: ]






















8.	(i) 	 
		2.12 m above the ground.


	(ii)	when it lands.

		


		BC  or 

	Time cannot be negative so seconds.

	 metres.


(iii)	 

	

	 

	 


(iv)	
Initial speed is 12 m s-1



9.	

	 

	 

	 

	



	BC  or 


	or 














10.	a) 

  


b) 

 

	c) 



a) Air resistance has been ignored and gravity is assumed to be constant.

b) Take air resistance into account.



























Extension

a)	Find the time taken for the arrow to hit the apple.
From the horizontal motion


 

Consider the vertical motion
For the arrow:


 

For the apple:



 


 

		 
So the arrow must be fired with a speed of 25.1 m s–1

b)	If x is the horizontal distance between Fabien and the point at which the apple is projected, u1 is the initial speed of the arrow, u2 is the initial speed of the apple,  is the angle above the horizontal at which the arrow is fired and h is the distance above horizontal ground from which the arrow is fired, then:
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