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6.1) Horizontal projection
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In vertical direction, acceleration downwards is ms-2.
Use suvat equations as before.

In horizontal direction, acceleration is 0 ms-2.
Constant velocity, so can use bog standard 𝑠𝑝𝑒𝑒𝑑 =

ௗ௦௧

௧
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A particle of mass 10 𝑘𝑔 is projected along a horizontal rough surface with a velocity of 20 𝑚𝑠ିଵ.
After travelling a distance of 40 𝑚 the ball leaves the rough surface as a projectile and lands on the ground which is 3 𝑚 vertically 
below. Given that the total time taken for the ball to travel from the initial point of projection to the point when it lands is 4.0 seconds, 
find:
a) The time for which the particle is in contact with the surface
b) The coefficient of friction between the particle and the surface
c) The horizontal distance travelled from the point of projection to the point where the particle hits the ground

T.110 : 6A Qs all, P. 49 : 6.1 Qs all
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A particle is projected from a point on a horizontal plane with an initial velocity of 39 𝑚𝑠ିଵ at an angle 𝛼 above the 
horizontal, where tan 𝛼 =

ହ

ଵଶ
. 

a) Find the horizontal and vertical components of the initial velocity
b) Express the initial velocity as a vector in terms of 𝒊 and 𝒋

T.112 : 6B Qs 1-4, P. 50 : 6.2 Qs 1,2,4,5,6
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A particle is projected with velocity 𝑼 = 2𝒊 + 7𝒋  𝑚𝑠ିଵ where 𝒊 and 𝒋 are the unit vectors in the horizontal and 
vertical directions respectively. 
Find the initial speed of the particle and its angle of projection.
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A particle is projected with velocity 𝑼 = 5𝑘𝒊 + 2𝑘𝒋  𝑚𝑠ିଵ.
a) Find the angle of projection
Given that the initial speed is 5 29 𝑚𝑠ିଵ

b)     Find the possible values of 𝑘

T.112 : 6B Qs 5+, P. 50 : 6.2 Qs 3,7



6.3) Projection at any angle
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Worked Example

Page 25 T.117 : 6C Qs 1-5, P. 51 : 6.3 Qs 1-3
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A particle is projected from a point 𝑂 with speed 𝑉 ms-1 and at an angle of elevation of 𝜃, where tan 𝜃 =
ସ

ଷ
. 

The point 𝑂 is 42.5m above a horizontal plane. The particle strikes the plane at a point 𝐴, 5 s after it is projected.
(a) Find 𝑉
(b) Find the distance between 𝑂 and 𝐴.
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A ball is struck by a racket at a point which is 2 𝑚 above horizontal ground. Immediately after the ball is truck, the ball has velocity (10𝒊 +
16𝒋)𝑚𝑠ିଵ where 𝒊 and 𝒋 are unit vectors horizontally and vertically respectively.
After being struck, the ball travels freely under gravity until it strikes the ground.
Find:
a) The greatest height above the ground reached by the ball
b) The speed of the ball as it reaches the ground
c) The angle the velocity of the ball makes with the ground as the ball reaches B
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A particle is projected from a point on level ground with speed 𝑈 𝑚𝑠ିଵ and an angle of elevation of 𝛼. 
The maximum height reached by the particle is 15.3061 𝑚 (4 dp) above the ground and the particle hits the ground 
35.3480 𝑚 (4 dp) from its point of projection.
Find the value of 𝛼 and 𝑈

T.117 : 6C Qs 6+, P. 51 : 6.3 Qs 4+



6.4) Projectile motion formulae
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Exam Note: You may be asked to derive these. But don’t attempt to 
memorise them or actually use them to solve exam problems – instead use 
the techniques used earlier in the chapter.

For a particle projected with initial velocity at angle above 
horizontal and moving freely under gravity:
• Time of flight ଶ ୱ୧୬ ఈ



• Time to reach greatest height  ୱ୧୬



• Range on horizontal plane మ ୱ୧୬ ଶఈ



• Equation of trajectory: ௫మ

ଶమ
ଶ

where is vertical height of particle and horizontal distance.
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A particle is projected from a point with speed 𝑈 at an angle of elevation 𝛼 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 𝑦 = 𝑥 tan 𝛼 −
௫మ

ଶ௨మ 1 + tanଶ 𝛼

A particle is projected from a point 𝑂 on a horizontal plane, with speed 14 𝑚𝑠ିଵ at an angle of elevation 𝛼. The particle 
passes through a point 𝐵, which is at a horizontal distance of 16m from 𝑂 and at a height of 4m above the plane.
(b) Find the two possible values of 𝛼, giving your answers to the nearest degree.

T.123 : 6D Qs all, P. 52 : 6.4 Qs all
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Past paper practice by 
topic.  Both new and old 
specification can be 
found via this link on 
hgsmaths.com 
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