Particles projected at an angle to the horizontal

Suppose a particle is projected at an angle 6° above the horizontal with a velocity Ums™,
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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:

W, M = b Uiy oy the. (00 (. Lt o0
= A Uy 50 Uy=US®
The analysis can then proceed as before. ‘1)(. 7 =

Egb A particle P is projected from a point O on a horizontal plane with speed 28ms™ and with angle of elevation 30°.
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. the time of flight of P
c. the distance OA

Eg7 A particle is projected from a point O with speed V ms™ and at an angle of elevation 0, where tan 8 = g. 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. Show thatV =20
b. Find the distance OA
éﬁ(/Lvlz Q‘/L/I é/s/.

Eg8 A particle is projected from a point O with speed 35ms™ at an angle of elevation of 30°. 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 o and moves freely under gravity.
When the particle has moved a horizontal distance x, its height above the point of projection is y.

2
a. Show thaty = xtan o« — g—i—z(l + tan? «)
A particle is projected from a point A on a horizontal plane, with speed 28ms™ at an angle of elevation a.. 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. Find the two possible values of o, giving your answers correct to the nearest degree.

Eg10  Aballis 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™. 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. 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.
d
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Exercise 4.2

Whenever a numerical value of g is required, take g — 9.8 ms=2,

1
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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,

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

- Aslone is projected horizontally from a point above horizontal ground with speed 32 m s,

The stone takes 2.5 s 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.

A projectile is launched from a point an horizontal ground with speed 150 ms=" at an angle
ol 1¥° o the horizontal. Find
a the time the projectile takes to reach its highest point above the ground,

b the range of the projectile.

A particle is projected trom a point () on a horizontal plane with speed 200m s™! at an angle
ot elevation of 45°. The particle moves treely under gravity until it strikes the ground at a
paint AL Find

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

b the distance 0OX.

A ball is projected from a point A on level ground with speed 24 ms=1. The ball is projected
at an angle # Lo the horizontal where sin # — = The ball moves [reely under gravity until it
strikes the ground at a point B. Find

a the time of fhight of the ball,

b the distance from A to 8.

A particle is projected with speed 21 ms™ 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 vour answer
to the nearest degree.

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.

A particle Pis projected from the ongin with velocity (12 + 24j)yms™!, 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 3,

b the speed of P after 3s.



0 Aslone s thrown with speed 30ms™' from a window which is 20 m above horizontal
ground. The stone hits the ground 3.5 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.

}1 Aball is thrown from a pmnt (on horizontal ground with speed wm s~ at an an ple of
elevation of 4, where tan 0 — - The ball strikes a vertical wall which is 20m from O at a
point which is 3 m above the gmund. Find

a the value of u,
b the time from the instant the ball 1s thrown to the instant that it sinkes the wall.

}2 ¥t {Sud + 4ujyms=

2 T

ot -

(v] X

[ this question, the unit vectors i and j are in a vertical plane, i being horizontal and j being vertical, |

A particle Pis projected from a point A with position vector 20§ m wath respect to a fixed
ongin 0. The velocity of projechion is (Sud -+ 4ujims=) The particle moves freely under
gravity, passing through a point 8, which has position vector (ki + 12§ m, where ks a
constant, before reaching the point ¢ on the x-axis, as shown in the figure above.

The particle takes 45 to move {rom A to 8. Find

a the vilue of i,
b the value of &,
¢ the angle the velocity of P makes with the x-axis as it reaches €

““—""""‘-‘"-'P""“

157 ]

A0 M

B x

Astone is thrown from a point A with speed 30m s~ at an angle of 157 below the

horizomtal. The point A 1s 14m above horizontal ground. The stone strikes the g 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.



14 A particle is projected from a point with speed 21 ms~' at an angle of clevation a and moves
p proj n p g

i
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freely under gravity. When the particle has moved a horizontal distance x m, its height
above the point of projection 1s ¥ m.

x;l'
90cost o

b Given that vy — 8.1 when x = 36, find the value of tan .

a Show thaty — xtlana —

A projectile 1s Jaunched from a point on a horizontal plane with initial speed wms—' at an
angle of elevation «. The particle moves freely under gravity until it strikes the plane. The
range of the projectile is Rm.

2usine

e secands.

a Show that the time of tlight of the particle is

) 2im P
b Show thatR = ¥ S;n““.

L=

¢ Deduce that, for a fixed u, the greatest possible range is when « — 45°

d Given that R - “S” . lind the two possible values of the angle of clevation at which the
AN

[4

projectile could have been launched.

A particle is projected trom a point on level ground with speed wms™! and angle of
clevation a. The maximum height reached by the particle is 42 m above the ground and the
particle hits the ground 196 m from its point of projection.

Find the vialue of o and the value of u.
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