A projectile is any object that is thrown or projected into the air and is
moving freely, i.e. it has no power source (such as a rocket engine} driving
it. A netball as it is passed, a coin that is tossed and a gymnast performing a
dismount are all examples of projectiles. If they are not launched vertically
and if air resistance is ignored, projectiles move in parabolic paths.

* Given that the only force acting on a projectile is the force of gravity, F,,
it follows that the projectile must have a vertical acceleration of 9.8 m s
downwards.

¢ The only force, F,, that is acting on a projectile is vertical and so it has no
effect on the horizontal motion. The vertical and horizontal componenis of
the motion are independent of each ofher and must be treated separately.

* There are no horizontal forces acting on the projectile, so the horizontal
component of velocity will be constant.

These points are fundamental to an understanding of projectile motion,
and can be seen by studying Figure 1.20.

If air resistance is ignored, the motion of a projectile will be symmetrical
around the vertical axis through the top of the flight. This symmetry extends
to calculations involving speed, velocity and time as well as position. Asseen
in Figure 1.21, the projectile will take exactly the same time to reach the top
of its flight as it will to travel from the top of its flight to the ground. At any
given height, the speed of the projectile will be the same, and at any given
height the velocities are related. On the way up, the angle for the velocity
vector will be directed above the horizontal, whereas on the way down,
the angle is the same but it is directed below the horizontal. For example, a
projectile launched at 50 m s at 80° above the horizontal will land at50 m s™
at 80° below the horizontal.
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Tips for problems involving projectile motion

» Construct a diagram showing the motion and set the problem out clearly.
Distinguish between information supplied for each component of the
motion.

* In the horizontal component, the velocity, v, of the projectile is constant and
so the only formula needed is v = x /4.

* For the vertical component, the projectile is moving with a constant
acceleration {9.8 m 572 down), and so the equations of motion for uniform
acceleration must be used.

* In the vertical component, it is important to clearly specify whether up
or down is the positive or negative direction, and use this consistently
throughout the problem.
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Horizontal launch

Agolf ball of mass 150 ¢ is hit horizontally from the top of a 40.0 m high cliff with a speed of
25.0 ms~. Assuming an acceleration due to gravity of 9.80 m s and ignoring air resistance,
calculate:

@ thetime that the ball takes to land

b the distance that the bal! travels fram the base of the cliff

€ the velacity of the bafl as it lands

¥ Motion in one and two dimensions




d the net force acting on the ball at points Aand B
€ the acceleration of the ball at points Aand B.

g=980ms?

40.0m

& Tofind the time of flight of the ball, you need only consider the vertical component,
The instant after it is hit, the ball is travelling only horizontally, se its initial vertical
velacity is zera. Taking down as the positive direction:
u=0,0=980ms%x=400m,t=7?

Substituting inx = ut + at® far the vertical direction only:
400 =0+0.5x9.80x ¢, s0:
(=)40.0/05%950]
=2.86s
The ball takes 2.86 s to reach the ground,
b To find the horizontal distance travelled by the balf [i.e. the range of the ball), it is
necessary to use the horizentai component.
g =250ms™ 1=286s,x =7 ’
X, =ut
x, =250 X 2.86
=7L.5m
The bail lands 71.5 m from the base of the cliff {i.e. the range of the ballis 71.5 m].

€ Todetermine the velocity of the ball as it lands, the horizontal and vertical components
mustbe found separately and then added asvectors. From{a}, the bali has been airhorne
for 2.86 s when it lands. The horizontal velocity of the ball is constant at 25.0m 7.
The vertical camponent of velocity when the bali lands is:

v =00=980ms?*x=400m,t=2.86s
Substituting in v = u + at for the vertical direction only:
v=0+[9.80 X 2.86]

=280ms?
The actual velocity, v, of the ball is the vector sum of its vertical and horizontal
camponents, as shown in the diagram. The magnitude of the velocity can be found by
using Pythagoras’s theorem:

v=125.0? + 28.0°

=Y 1409
=375ms™
The angle at which it fands can be found by using triganometry:
tanf :%:g
=112
6 =482
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7.50 m g1

When the bail hits the ground, it has a speed of 375 m s~ and is travelling at an angle of
48.2° below the harizontal.

d  If air resistance is ignared, the enly force acting on the ball throughaut its flight is its
weight. Therefore the net force that is acting at point A and point B [and everywhere
else!] is:

ZF= F =mg
=0.150x9.80
=147 N down

€ Since the ball is in free-fall, the acceleration of the ball at all paints is equal to that
determined by gravity, i.e. 9.80rm 7% down.

p
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Launchatan
J g=0.80ms2

A B5 kg athlete in a long-jumnp event leaps with a velocity of 250 m s at 30.0" to the
harizontal. Treating the athlete as a point mass, ignoring air resistance, and using g as
9.80 m 573, caleulate:

a the horizontal component af the initial velacity

the vertical component of the initial vetoeity

the velacity when at the higHest paint

the maximum height gained by the athiete

the total time for which the athlete is in the air

the horizontal distance travelled by the athlete’s centre of mass {assuming that it
returns to its original height)

g the athlete's acceleration at the highest point of the jump.

-~ oo o

In this prahlem, the upward direction will be taken as positive, The horizantal and vertical
components of the initial velocity can be found by using triganametry,
a  Asshown in the diagram, the horizontat companent, u,, of the athlete’s initial velocity is:
u, =750 X cos30.0° ‘
=650 m s~!1a the right
This remains constant throughout the jump,
b Again referring to the diagram, the vertical companent, u , of the initial velocity of the
athlete is:

g =750 X sin30.0°

=3.75 m s upwards
C At the highest peimt, the athlete is moving horizontally. The vertical component of the
velocity at this point is therefore zero, The actual velocity is given by the horizontal
component of the velocity throughout the jump. This was found in (a) to be 6.56 m s
in the horizontat direction.
d Tofind the maximum height that is gained, we must wark with the vertical component.
As explained in {c], at the maximum height the athlete is moving horizontally and so




the vertical component of velocity at this point is zera. The vertical displacernant of the
athlete 10 the highest point is the maximum height that was reached:
4=375ms*v=08=-980ms*x="?
vi=ul+ 2ax
0=375+[2x-8.80xx)
x=0712m
i.e. the centre of mass of the athlete rises by a maximum height of 72 cm.
€  As the motian is symmetrical, the time to compiete the jump will be double that taken
to reach the maximum height. Firs, the time to reach the highest point must be found.
Using the vertical component:
u, =375ms ", v=0,0=-9, 80ms‘2 t=7

v =Uu+at
0 =375+ [~8.80xt]
t=0.383s

The time for the complete flight is double the time to reach maximum height, i.e. total
time in the ain Xt =2x0.383 = 0./66 s.

f  Tofindthe harizontal distance forthe jump, we must work with the horizontal component,
Fram part e, the athlete was in the air for a time of 0.766 s and so:
t=0765s,v=650ms ", x="7
v== 50
X=v Xt

=B6.50%0./686
=488m
i.e. the athlete jumps a horizontal distance of 4.98 m.

g At the highest point of the motion, the only force acting on the athlete is that due to

gravity (i.e. weight). The acceleration wili therefore be 9.80 m 572 down.

The effect of air resistance

In throwing events such as the javelin and discus, new recordsare not accepted
if the wind is providing too much assistance to the projectile. In football games,
kicking with the wind is generally an advantage to a team; and in cricket,
bowling with the wind, across the wind or against the wind can have very
differenteffectson the flightof the ball. Theinteractionbetween a projectile and
the air can have a significant effect on the motion of the projectile, particularly
if the projectile has a large surface area and a relatively low mass.
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Figure 1.23 shows a food parcel being dropped from a plane moving at
a constant velocity. If air resistarce is ignored, the parcel falls in a parabolic
arc. It would continue moving horizontally at the same rate as the plane; that
is, as the parcel falls it would stay directly beneath the plane until it hits the
ground. The effect of air resistance is also shown. Air resistance (or drag) is
a retarding force and it acts in a direction that is opposite to the motion of

. the projectile. If air resistance is taken into account, there are now two forces

acting—weight, Fg, and air resistance, F,. Therefore, the resultant force, ZF,
that acts on the projectile is not vertically down. The magnitude of the air
resistance force is greater when the speed of the body is greater.
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