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Projectile Motion

Author: L R Mustoe
Work Cards: J A Fairley
Software Adviser: A H Whitfield
Senior Programmer: | A Sutton
SUMMARY

This unit is concerned with the motion of objects projected
into the air from a stationary starting-point. Horizontal
projection from a cliff top; the motion when projection is
from a horizontal plane, including attempting to hit targets
both above and at ground level; motion up or down an
inclined plane; motion after impact; are all considered in the
absence of air resistance. Finally, some cases of resistance to
the motion are examined.

NOTE

It is assumed that the projectile can be treated as a point
mass, i.e. rotational effects can be ignored. Further, the
acceleration due to gravity is assumed constant so that the
motion takes place close to the earth’s surface.

The mathematical derivations of results and relationships
suggested by the use of programs in this unit can be found in
most standard text-books which include the topic of
projectile motion.
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OPERATING INSTRUCTIONS

This unit is contained on two program discs: Disc 1 contains
Parts 0—4 inclusive and Disc 2 contains Parts 5-8 inclusive. To
use it on a BBC model B computer with a double disc drive,
load Disc 1 in Drive 0 (the top one) and Disc 2 in Drive 1; with
a single disc drive, load Disc 1 (even if one of Parts 5-8 is
required). Then while holding down the SHIFT key, press the
BREAK key to start the unit. (Alternatively, type

CHAIN “START"

and press the RETURN key.) Further instructions on usage are
given in PART 0 but note that:

(i) Pressing the ESCAPE key at any time restarts the
current part or section.
(ii) Pressing the BREAK key at any time returns you to the
contents to select another part or to exit from the unit.
ACCURACY

1. The accuracy of all numerical calculations with real
numbers is limited by the number of digits the computer
uses to represent them.

2. Computed results output on the screen have usually been
rounded to the number of decimal places shown.
Consequently the number may not be shown precisely.



NOTES FOR THE USER

PART 0

PART 1

PART 2

Inexperienced User Guide

Use of this unit is explained including
current status page
subdivision of the unit
alphabetic input
numerical input
menus
PSB
BREAK
ESCAPE

Horizontal Launch off a Cliff

The sequence begins by showing a typical
trajectory of a projectile fired from a gun ata
velocity u horizontally to land on level

ground a distance H below the firing point and
at horizontal distance R.

You are invited to choose a value for H {252 is
suitable). First the projectile is allowed to fall freely
from this height; note the final vertical velocity.

Now you choose three horizontal velocities in turn
(suitable choices are 26, 52, 78 or 40, 80, 100).
Notice the final vertical velocity in each case. See
whether you can discover a relationship between
vertical velocity and horizontal range. What is the
shape of the trajectory?

For the last velocity chosen the potential and
kinetic energies are displayed at various stages in
the motion. What do you notice (easiest if the last
velocity was 100 ms™)? What does your result
suggest as a possible means of solving such
problems of projectile motion?

Launch from Level Ground
2.1 Fixed initial angle, varying initial speed

The sequence begins by showing a typical
trajectory of a projectile fired at speed u and
angle a to the horizontal; its horizontal range
is R and the greatest height achieved is H.

First you choose values for a and u (60 and 100
are suitable). Then you choose two other
values for u (50 and 75}.

What shape do you think the trajectories are?
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2.2

2.3

=

What is the relationship between initial speed
and;

(a) greatestheight  (b) horizontal range
(c) time of flight  (d) time to maximum
height?

Varying initial angle, fixed initial speed

An initial speed is selected (100) and three
angles; suitable values are 30, 40, 50 or 30, 60,
70. Note the range each time. Try to find the
angle which gives the maximum range. What
do you notice about the other angles {for
instance 40°, 50° or 30°, 60°)?

Varying initial angle or varying initial speed
You can find out other features of this motion
by keeping the angle of projection fixed and
varying the speed or vice-versa.

For the last example selected potential, kinetic

and total energies are displayed at several
stages of the motion. What do you notice?

PART 3 Hita Target

341

3.2

3.3

Elevated target

Four targets are presented and you have to
choose the angle of projection you think will
be suitable. If you miss three times in
succession you are told the correct angle(s), if
you hit with the first attempt and miss three
times more you are told the missing angle. In
cases of failure the correct trajectories are
displayed. Note the third and fourth cases.
After the fourth example, try to explain the
third.

A selection of random targets are presented
for you to obtain further practice.

Ground target

Next comes the problem of landing a golf ball
on a green. You have to choose the angle of
projection which will allow you to hit the
target. Remember Part 2.2 results.

Ball games

Three simple problems are considered: hitting
a cricket ball over a fielder and perhaps
clearing the boundary, throwing a ball into
the wicket keeper, hitting a tennis ball over a



tennis net and landing in the court. You can
place the obstacles and choose position of
boundary, speed and angle of projection.

PART4 Launch from a Cliff

PART S5

4.1 General angle of projection

The example in Part 1 is extended.

A height for the cliff is chosen, an initial speed

of projection and an initial angle to the

horizontal (the angle is positive above the
horizontal and negative below). Horizontal

and vertical distances form the point of projection
or horizontal and vertical velocities can be
displayed at half second intervals of projectile
time.

You have three angles to select (70, 20, —40).
What shapes are the trajectories?

4.2 Hitatarget

The last sequence gives a target area at the
level of the bottom of the cliff which has to be
hit.

Landing on Inclined Planes
5.1 Launch up the plane

An example is shown of a projectile landing
on a plane inclined upwards to the horizontal
at angle B. You are invited to choose a speed
of projection, the angle  and the angle of
projection with the plane.

See what relationships you can deduce about
range, maximum height achieved and time of
flight.

5.2 Launch down the plane

Then the sequence is repeated with the plane
inclined downwards to the horizontal.

5.3 Find the maximum range

We have the choice of a plane inclined
upwards or inclined downwards.

We select a speed of projection and an angle
of inclination for the plane. Note the range
along the plane. Select other angles to try to
establish the one which gives maximum
range.



PART 6

PART 7

Motion after Impact

6.1

6.2

6.3

Impact on level ground

The first sequence shows a projectile
rebounding and follows it until its second
impact.

After choosing an initial speed and an initial
angle of projection we select a value for the
coefficient of restitution (0.5 is recommended}.
The initial trajectory and two rebounds are
followed and you are invited to decide the
effect of rebounds on time of flight, range and
greatest height reached.

Impact with vertical wall

The projectile now meets a vertical wall in its
trajectory and rebounds. Again an initial
speed and angle of projection are selected.
Notice the velocities before impact. Choose a
value for the coefficient of restitution (0.5 is
suggested) and note the velocities after
impact.

The sequence is repeated showing distance

travelled in the horizontal and vertical
directions.

Impact on inclined plane
Three examples are given of motion up a

plane following an impact, showing different
possibilities which arise.

Then an example is shown for motion down a
plane. Does this represent the only
possibility?

Resisted Motion

7.1

7.2

Examples

Three cases are considered: resistance
proportional to velocity, velocity squared and
velocity to the power 1.5. In each instance, the
trajectory with no resistance present is
displayed for reference.

Variable coefficient and index

Then, resistance effects are shown with the
constant of proportionality equal to 1; you
can choose a value for the constant as a third



example. What changes do you notice as the
constant increases?

What are the effects of increasing the power
of the velocity from 1 through 1.5 to 2?

7.3 Variation of air density with height

First the variation of air density with height is
shown. The effects of this on the trajectory
are displayed. Then you are invited to find the
angle of projection from level ground which
gives maximum range in the cases:

{i) air density assumed constant {ii} air density
varies.
PART 8 Exit from Unit

The unitis terminated and the computer is left in
its ‘normal’ state.



PROJECTILE MOTION - TEACHER'S GUIDE

This unitis intended to enhance the standard material on
projectile motion found in text books. To this end it applies
the principles of mechanics to some simplified but practical
problems. However, the power of the micro-computer is used
to animate and elucidate the motion for the benefit of both
teacher and pupil. The unit is menu-driven and suitable for
use either by the teacher with his class to demonstrate
theoretical results obtained by him or by the pupil for guided
discovery —the guidance, of course, being suppied by the
teacher. In addition, both teacher and pupil can use the unit
experimentally as they would a piece of laboratory
apparatus. The menu-driven nature of the unit allows the
parts to be used in any order according to need or indeed for
some parts to be omitted according to syllabus requirements.

With each part a possible course of action is
(i) the teacher introduces the concepts involved.

{ii) under the guidance of the teacher, the pupils investigate
these concepts using the computer simulations as an
alternative to traditional laboratory experiments,

(iii) the teacher collects the ideas and suggested functional
relationships and uses mathematical analysis* to derive
results. (The programs can be used to check out certain
results and solve problems posed by the teacher.)

* Some parts may involve results which are beyond the level
of mathematics apposite to the students. This is deliberate
and it is hooed that the opportunity will be taken to introduce
students to ideas beyond the current syllabus.

PART 1 Horizontal Launch from a Cliff
The aims of this part are to show that:

(i) the motion of a projectile fired horizontally
from a point above level ground is the resultant
of two separate motions: vertical fall under
gravity and uniform horizontal velocity,

(ii) horizontal range is proportional to horizontal
velocity,

(iii) the sum of the kinetic and potential energies is
constant during the motion.

PART 2 Launch from Level Ground

The main aims of this part are to demonstrate the
general properties of the parabolic trajectory and
to obtain the angle of projection which gives
maximum horizontal range.

9



Printed i Great Britan




