4, Projectile Motion
Projectiles
From Unit 2:

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

Describe what happens:
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What other measures could we find?
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What assumptions are we making in order to model mathematically?
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The ball comes to rest 25 seconds later.

How far did the ball travel?
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What is the magnitude of the constant resistive force acting on the ball?
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What if the ball was kicked so that it sets off vertically from a point 1m above the ground with a velocity of
10ms™.

Describe what happens:
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What other measure could we find?
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What assumptions are we making in order to model mathematically?
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How long was the ball in the air for? (aggewfCtatien) >'7
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What was the maximum height of the ball?
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Unit 4:

Now the ball is kicked so that it sets off horizontally from a point 1m above the ground with a velocity 10ms™.
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What other measures could we find?
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What assumptions are we making in order to model mathematically?
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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.

egl A particle is projected horizontally at 10 ms™ from a point 1m above a horizontal surface. Find the
time taken by the particle to reach the surface and the horizontal distance travelled.

eg2  Aparticle is projected horizontally with a speed of 14.7 ms™. 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.

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.

eg4 A particle is projected horizontally with a velocity of 39.2 ms™. 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)
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Exercise 4.1

O

Y

A particle is projected horizontally at 15ms " fram a point
60 m above o horizontal surface. Find how long it takes before
the particle strikes the surface and the hortzontal distance
travelled m that hmwe.

A particle is projected horizontally at 20ms ' olstrikes a
horizontal surface after travelling S0m horizontally. Find the
height of the pomt of projection above the surface.

A stone is thrown horizontally from a window 3.6 m above
horizontal ground. It hits the ground afler travelling 10m

horizontally. Find the speed of projection.

A stone is thrown horizontally at 25 ms ' from the edge of 2
vertical ¢l which s 30m high. By modellime the stone as
particle caleulate its distance from the foot of the ¢l when ot
enters the water.

A bird Iy horizontally at 3Wms P at o hewhe of 35 m drops
A stone. Model the stone as a particle and hence deternince
how longe 1t trkes the stone to reach the sround. What s the
horizontal distance travelled by the stone dorme this tme?

A stone s thrown horzontally and hits the ground 7 m from
the thrower 055 Later. Find the speed and heght of projection.
At time 1 0o particle s projected with o velocny s

from a pomt with posttion veetor 24§ m where vand jare unil
vectors in the horizontal and upward vertical directions
respechively. Find the posiion vector of the parhicle atter [.5s.
At tme £ Oa particle is projected horizontally from a pomnt
with position vector (a1 Two sccands Tater it passes
theough the point with position vector (8i 1 2)me I the speed
of projection is dms ' find the values of yand 1

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

the speed with which it was projected.




10 A particle shdes along o horzontal table and over the adge.

I

i3

Given that the table s T igh and the speed ot the particle
on the table is 14ms ' ealeulate ta) the vertical veloaty with
winch the particle hits the Hoor Gassumed horizontal) (b) the
speed and dircction of motion of the particle when it hits the
Toor

A boy standing on a garage roof throws bl horzontally
with a speed of [Sms ' The hall just clears aowall 1.5m hugh
[om away. Madel the ball as o partiele and henee caleulate
the herght of projection.

A particle is projected horizontally at >Sms bobind the
horizontal and vertical components of the particle’s veloonty

I 55 later. Find the speed of the particle and its direction of
maotion at that ame,

Al time ¢+ O particle is projected with a velocity 4ims !
Fram a pomt with posiion vector (6i 1 2 m. Find s position

vector alter 2 seconds,
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14 Actimer 0 partide s projected horizontally [rom o pomt
1 with position vector (5i 1 30jrm. Bt passes through point #
with position vector (17 04 m. Find s specd ol
projection and the time taken to travel from J 1o B8

An acropkine is flying horizontally at4ms A package s

——
A

released and travels @ distanee of 2000m horzontally betore
hitting the ground. Model the package asa particle and henee
find the height of the acroplime above the eround

16 A batsman hits a ball horizontally with a specd ol 21 s Lt
I above the ground. Find the distance tras clled horzontally
by the ball hetore it reaches the vround,

17 A child throws a ball horizontally Trom i window Sm above
horizontal ground. The ball just clears a vertical wall 2.5m
high and 12 m from the house: By maodelimg the ball as a
particle caleulte the speed of projection. The ball ats the
ground at . Caleulute the distinee ol O from the wall.

18 A tenuis ball is served horizontally at a speed of 24ms "roma
height of 2 7m. The netis Em high and 12m horizontally Trom
the server. Maodel the ball s a particle and henee determme

whether the ball clears the netand i so by what distance.

eg5  Attimet=0a particle is projected with a velocity of 2i ms™ from a point with position vector (10i +
90j) m. Find the position vector of the particle when t = 4s.

Exercise 4.1 Q’s 7, 8, 13,14
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