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4. Projectile Motion

From Unit 2:

A football of mass 500g is kicked so that it sets off horizontally across a flat field with a velocity 10ms-1.

Describe what happens:





What other measures could we find?



What assumptions are we making in order to model mathematically?





The ball comes to rest 25 seconds later.

How far did the ball travel?






What is the magnitude of the constant resistive force acting on the ball?














What if the ball was kicked so that it sets off vertically from a point 1m above the ground with a velocity of 10ms-1.

Describe what happens:





What other measures could we find?



What assumptions are we making in order to model mathematically?




How long was the ball in the air for?








What was the maximum height of the ball?




















Unit 4:

Now the ball is kicked so that it sets off horizontally from a point 1m above the ground with a velocity 10ms-1.

Describe what happens:





What other measures could we find?



What assumptions are we making in order to model mathematically?






In order to investigate the motion of a projectile, the horizontal and vertical motions should be considered separately.

The horizontal velocity of a projectile is constant since there is never any acceleration in the horizontal direction.  

The vertical velocity on the other hand is subject to the acceleration due to gravity, and the equations of motion can be applied. 

These problems are often represented using i and j, the unit vectors in a horizontal and vertical direction.

[image: ]eg1	A particle is projected horizontally at 10 ms-1 from a point 1m above a horizontal surface.  Find the time taken by the particle to reach the surface and the horizontal distance travelled.




[image: ]eg2	A particle is projected horizontally with a speed of 14.7 ms-1.  Find the horizontal and vertical displacements of the particle from the point of projection, after 2 seconds.  Find also how far the particle then is from the point of projection.





[image: ]eg3	A particle is projected horizontally from a point 44.1 m above a horizontal plane.  The particle hits the plane at a point which is, horizontally, 39 m from the point of projection.  Find the initial speed of the particle.




[image: ]eg4	A particle is projected horizontally with a velocity of 39.2 ms-1.  Find the horizontal and vertical components of the velocity of the particle 3 seconds after projection.  Find also, the speed and direction of motion of the particle at this time.








Exercise 4.1 Evens (except Q8 & 14)


Exercise 4.1
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Numerical Answers
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eg5	At time t = 0 a particle is projected with a velocity of 2i ms-1 from a point with position vector 
[image: ] (10i + 90j) m.  Find the position vector of the particle when t = 4s.


Exercise 4.1 Q’s 7, 8, 13, 14

Particles projected at an angle to the horizontal

Suppose a particle is projected at an angle θo above the horizontal with a velocity Ums-1.





As before, in order to model the trajectory of the particle, we must consider the horizontal and vertical motion of the particle separately.

This requires us to split the initial velocity into its horizontal and vertical components:





The analysis can then proceed as before.

Eg6	A particle P is projected from a point O on a horizontal plane with speed 28ms-1 and with angle of elevation 30o.  After projection, the particle moves freely under gravity until it strikes the plane at a point A.  Find
a. the greatest height above the plane reached by P
b. [image: ]the time of flight of P
c. the distance OA







Eg7	A particle is projected from a point O with speed V ms-1 and at an angle of elevation , where . The point O is 42.5m above a horizontal plane.  The particle strikes the plane, at a point A, 5 seconds after it is projected.
a. [image: ]Show that V = 20
b. Find the distance OA








[image: ]Eg8	A particle is projected from a point O with speed 35ms-1 at an angle of elevation of 30o.  The particle moves freely under gravity.  
Find the length of time for which the particle is 15m or more above O.







Eg9	A particle is projected from a point with speed u at an angle of elevation  and moves freely under gravity.  When the particle has moved a horizontal distance x, its height above the point of projection is y.
a. Show that 
A particle is projected from a point A on a horizontal plane, with speed 28ms-1 at an angle of elevation .  The particle passes through a point B, which is at a horizontal distance of 32m from A and at a height of 8m above the plane.
b. [image: ]Find the two possible values of , giving your answers correct to the nearest degree.





Eg10	A ball is struck by a racket at a point A which is 2m above horizontal ground.  Immediately after being struck, the ball has velocity (5i + 8j)ms-1.  After being struck, the ball travels freely under gravity until it strikes the ground at a point B.  Find
a. the greatest height above the ground reached by the ball
b. [image: ]the speed of the ball as it reaches B
c. the angle the velocity of the ball makes with the ground as the ball reaches B.
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Exercise 4.2
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Numerical Answers
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A particle is projected horizontally at 1Sms ! from

point
60m above a horizontal surfuce. Find how long it takes before
the particle strikes the surface and the horizontal distance

travelled in that time.

A particle is projected horizontally at 20ms ! 1t strikes a
horizontal surface after travelling 50m horizontally. Find the
height of the point of prajection above the surface.

A stone is thrown horizontally from a window 3.6m above
horizontal ground. It hits the ground after travelling 10m
horizontally. Find the speed of projection.
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A stone is thrown horizontally at 25ms ! from the edge of
vertical ¢liff which is 50m high. By modelling the stone as 2
particle calculate its distance from the foot of the ¢lill when it
enters the water.

A bird flying horizontally at 30ms " at a height of 35m drops
crmine

a stone. Model the stone as a particle and hence def

how long it takes the stone to reach the ground. What is the

horizontal distance travelled by the stone during this time?
A stone is thrown horizontally and hits the ground 7m from
the thrower 0.5 later. Find the speed and height of projection.

dims

Altime 1 - 0 a particle is projected with a velocit
from a point with position vector 24jm where i and jare unit
veetors in the horizontal and upward vertical dircetions
respectively. Find the position veetor of the particle after 1.5
At time 7 0 a particle is projected horizontally from a point
with position vector (xi -+ yj)m. Two scconds later it passes
through the point with position veetor (8i 1 2j)m. IT the speed
of projection is 4ms ! find the values of x and .

A child throws a ball horizontally at a wall 4m away. The ball
strikes the wall 0.4m below the level of projection. Caleulate

the speed with which it was projected.
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and over the edge.

A particle slides along a horizontal tabl

Given that the table is 1 m high and the speed of the particle
ableis 14ms !

which the particle hits the floor (assumed horizontal) (b) the

on the saleulate (a) the vertical velocity with

speed and direction of motion of the particle when it hits the
foor
A boy standing on a garage roof throws a ball horizontally

lof 1Sms . The ball just clears a wall 1.5m high

with a spe
10m away. Model the ball as a particle and hence caleulate

the height of projection.

cted horizontally at 25ms™ ' Find the
s velocity

A particle is proj

horizontal and vertical components of the partic]
1.55 later. Find the speed of the particle and its direction of

motion at that time.
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13 At time 7 = Oa particle is projected with a velocity 4ims '
from a point with position vector (6i + 2j)m. Find its position

vector aflter 2 seconds,
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Attime 7 — 0 a particle is projected horizontally from a point
A with position vector (5i + 30j)m. 1t passes through point 5
with position vector (17 + 10.4))m. Find its speed of’

projection and the time taken to travel from A to B
|

A package is

An acroplane is flying horizontally at 400 ms
released and travels a distance of 2000m horizontally before
hitting the ground. Model the package as a particle and henee
find the height of the acroplane above the ground

I

A batsman hits a ball horizontally with a speed of 21'ms ©at

I m above the ground. Find the distance travelled horizontally
by the ball before it reaches the ground
A child throws a ball horizontally from a window Sm above

horizontal ground. The ball just clears a vertical wall 2.5m
ball as

a

high and 12m from the house. By modelling th

particle caleulate the speed of projection. The ball hits the

ground at Q. Caleulate the distance of O from the wall.
A tennis ball s served horizontally at a speed of 24m's ! from a
7m. The netis I m high and 12m horizontally from

height o
the server. Model the ball as a particle and hence determine

whether the ball clears the net and if so by what distance
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Whenever a numerical value of g is required, take g = 9.8 m s~

1/ A particle is projected with speed 35 m s at an angle of elevation of 60°. Find the time the
particle takes to reach its greatest height.

2/ Aballis projected from a point 5m above horizontal ground with speed 18m s at an angle
of elevation of 40°. Find the height of the ball above the ground 25 ater projection.

3] Astone s projected horizontally from a point above horizontal ground with speed 32 ms="
‘The stone takes 2.5 to reach the ground. Find

a the height of the point of projection above the ground,

b the distance from the point on the ground vertically below the point of projection to the
point where the stone reached the ground.

4] A projectile is launched from a point on horizontal ground with speed 150m
of 10° to the horizontal. Find

 at an angle

a the time the projectile takes to reach its highest point above the ground,
b the range of the projectile.

5| A particle is projected from a point O on a horizontal plane with speed 20ms™ at an angle
of elevation of 45°. The particle moves freely under gravity until it strikes the ground at a
point X. Find

a the greatest height above the plane reached by the particle,

b the distance OX.

6] Aballis projected from a point A on level ground with speed 24m ™. The ball is projected
atan angle 6 to the horizontal where sin 6 = £ The ball moves freely under gravity until it
strikes the ground at a point B. Find

a the time of flight of the ball,

b the distance from A to B.

7] A particle is projected with speed 21 m s~ at an angle of elevation . Given that the greatest
height reached above the point of projection is 15 m, find the value of a, giving your answer
0 the nearest degree.

8 A particle is projected horizontally from a point A which is 16 m above horizontal ground.
‘The projectile strikes the ground at a point B which is at a horizontal distance of 140m
from A. Find the speed of projection of the particle.

9] A particle Pis projected from the origin with velocity (12 + 24j)ms~", where i and j are
horizontal and vertical unit vectors respectively. The particle moves freely under gravity. Find
a the position vector of P after 3s,
b the speed of P after 3s.
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10 A stone s thrown with speed 30ms~" from a window which is 20 m above horizontal
ground. The stone hits the ground 3.5 later. Find
a the angle of projection of the stone,
b the horizontal distance from the window to the point where the stone hits the ground.

11 Aball is thrown from a point 0 on horizontal ground with speed um s~ at an angle of
elevation of 6, where tan 6 = 3. The ball strikes a vertical wall which is 20m from O at a
point which is 3m above the ground. Find

a the value of u,
b the time from the instant the ball is thrown to the instant that it strikes the wall.

12 (sui+ aupmse

20m

0 H

I this question, the unit vectors i and j are in a vertical plane, § being horizontal and § being vertical.]

A particle P s projected from a point A with position vector 20§ m with respect to a fixed
origin 0. The velocity of projection s (5u + 4uj) ms=1. The particle moves freely under
gravity, passing through a point B, which has position vector (ki + 12j) m, where kisa
constant, before reaching the point C on the x-axis, as shown in the figure above.

The particle takes 45 to move from A to B. Find

a the value of ,
b the value of k,
© the angle the velocity of P makes with the x-axis as it reaches C.
13y

A

14m

) i

Asstone is thrown from a point A with speed 30m s~ at an angle of 15° below the
horizontal. The point A is 14m above horizontal ground. The stone strikes the ground at the
point B, as shown in the figure above. Find

a the time the stone takes to travel from A to B, b the distance AB.
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14 A particle is projected from a point with speed 21m s~ at an angle of elevation a and moves
freely under gravity. When the particle has moved a horizontal distance ¥ m, its height
above the point of projection is y m.

P
90cos’a’
b Given thaty = 8.1 when x = 36, find the value of tan o

a Show thaty = ztana -

15 A projectile is launched from a point on a horizontal plane with initial speed um s at an
angle of elevation . The particle moves freely under gravity until it strikes the plane. The
range of the projectile is Rmn.

2usina,

a Show that the time of light of the particle is seconds.

b Show that k - 'sin2e

€ Deduce that, for a fixed u, the greatest possible range is when a = 45°.
22
58"
projectile could have been launched.

d Given that R = 2%, find the two possible values of the angle of elevation at which the

16 A particle is projected from a point on level ground with speed um s~ and angle of
clevation a. The maximum height reached by the particle is 42m above the ground and the
particle hits the ground 196 m from its point of projection.

Find the value of « and the value of .
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From Unit 2:


 


 


A football of mass 500g is kicked so that it sets off horizontally across a flat field with a velocity 10ms


-


1


.


 


 


Describe what happens:


 


 


 


 


 


 


What other measures could we find?


 


 


 


 


What assumptions are we making in order 


to model mathematically?


 


 


 


 


 


 


The ball comes to rest 25 seconds later.


 


 


How far did the ball travel?


 


 


 


 


 


 


 


What is the magnitude of the constant resistive force acting on the ball?
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