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Introduction  
 

The nineteen classroom demonstrations & experiments focus on key Leaving 

Certificate Applied Mathematic concepts and are accompanied by eighteen brief 

explanatory videos.  Whilst the content is specifically aimed at existing & new 

Applied Maths teachers it may also be relevant to teachers of Junior Certificate 

Science & Leaving Certificate Physics due to content overlap.  The demonstrations & 

experiments can be used in a variety of classrooms situations and take into 

consideration teacher’s varied educational backgrounds, room layout and available 

equipment.  Phase 1 of the PDST professional programme was completed in 

November 2017 & phase 2 in February/March 2018.   

 

 

Approaches to Teaching & Learning  
 

This booklet was created to compliment the eighteen developed online video 

demonstrations and experiments. The demonstrations & experiments use 

inexpensive equipment and materials which may already be available in the school, or 

could be made and assembled locally.  The video tutorials can be used as a useful 

source of information and guidance when setting up and completing the various 

experiments correctly and safely.  They can also be used where the necessary 

equipment is not available in the school to allow students the opportunity to view or 

revise key Applied Mathematics concepts that under pin syllabus content. 

 

Syllabus content covered 
 

 Accelerated Linear Motion  Relative Velocity 

 Vectors  Linked Accelerations 

 Forces  Newton’s Laws 

 Pulleys & Mechanical 

Advantage 

 Inclined Planes 

 Projectiles 
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Aims & Objectives  
 

 The development of practical demonstrations using common and inexpensive 
components to enable students to explore and understand key Applied Mathematics 
concepts through engagement and use of practical experiments & ICT.   

 Demonstrations and use of ICT software and equipment to enhance the teaching and 
learning process for Applied Maths students.    

 
 

Links to online resources:  
 

Phase 1 & Phase 2 Video Files 

This Booklet in PDF format 
 

 

 

 

 

 

 

 

  

http://www.pdst.ie/node/7236
http://www.pdst.ie/sites/default/files/Practical%20Experiments%20%26%20Demostrations%20Booklet-%20PDST%20Web.pdf
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Linear Motion 

 

Acceleration as change of velocity 
 
Key Concepts 

 Acceleration, Velocity, Force 

 
Required Equipment 

 Glass tube. 4 steel ball bearings. 4 neodymium magnets, 1 rubber bung, a hexagonal 
nut. 

Outline of Demonstration 

 Incline the tube slightly to ensure that the ball 
bearings travel at constant speed.  
(Note: The slight incline compensates for friction 
and air resistance). 

 Position the magnets and bearings in the tube as 
shown in the video.  

 A hexagonal nut serves to incline the tube and 
anchor the magnet. 
(A suitable size nut, may be placed outside the glass 
tube under the magnets to achieve this)   

 Allow one ball bearing to roll from the mouth of the 
tube to strike the magnet. 

 A different ball bearing detaches and travels at a much higher velocity to rebound at 
the rubber bung. 

 
Learning Outcomes: 

 Students will be able to appreciate that the magnet exerts a large force on the first 
ball bearing which causes a large acceleration that manifests itself in a greater 
velocity after impact than was present previously. 

 

Further demonstration ideas: 

 Following a risk assessment, remove the rubber bung to see how far the fast ball 
bearing goes (take care to avoid any potential injury). 

 Remove the rubber bung and join a duplicate apparatus securely to the original. 

 

Online Resource:  Video 8 



 

Applied Mathematic Concepts Page 6 

 

Linear Motion – Distance - Time Graphs. 
 
Key Concepts 

●  Distance, Displacement, Force 

 
Required Equipment 

 Motion sensor, laptop, software (e.g. Vernier LoggerPro or 
similar), USB cable, metre stick and a clamp. 

 
Outline of Demonstration 

 Connect the motion sensor to the Vernier Logger. 

 This sensor is from Vernier and is provided with its own software LOGGER PRO. It can 
demonstrate different types of motion using Distance-Time graphs.  

 Connect the sensor to the laptop and open the 
LoggerPro software.  

 When started the program is ready to receive data.  

 Connect the laptop to a projector for the class to view 
the images on screen. 

 Clamp the metre stick directly above the motion 
sensor. 

 Press the “COLLECT DATA” button at the same time as 
the metre stick is allowed to vibrate above the motion 
sensor.  Use this data as a trial run. 

 In the trial run record length of time that the 
vibrations occur.  Adjust data collection to reflect this 
time. 

 Select “Clear Latest Run” to clear the current data. 

 Reset the metre stick. 

 Press COLLECT DATA at the same time as the metre stick is set vibrating. 

 Enlarge the Distance time graph. Note how the displacement oscillates around a set 
value. 

Learning Outcomes 

 Student will be able to interpret Distance-Time motion graphs.  

 Students will be able to replicate Distance-Time motion graphs. 

 Students will be to apply the use/function of Distance-Time motion graphs. 
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Further demonstration ideas: 

 Use the motion sensor to detect motion over a period of time. Print the result. 

 Allow a student to move their hand relative to the sensor to replicate the previous 
diagram. 

o Place your hand to cover the motion sensor.  

o With your other hand press the “COLLECT DATA” button.  

o Raise the hand covering the sensor slowly above the sensor until the hand is 
approximately 1 metre above the sensor. 

o Maintain that position for a second followed immediately by dropping the 
hand back to the sensor. 

o Examine the Distance-Time graph that was recorded.  

o SAVE this data run. 

o Now request a student to replicate the actions to mimic the graph that is 
displayed on the screen.  

o This will give students a clearer understanding of how a Distance-Time graph 
functions. They may also understand displacement better as a result of this 
experiment. 

 

Online Resource:  Video 6 
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Linear Motion – Velocity Time Graphs. 
 
Key Concepts 

● Acceleration, velocity, force, distance, displacement. 

 
Required Equipment 

 Motion sensor, USB cable, laptop, Vernier LoggerPro software, 
linear track, trolley. 

 
Outline of Demonstration 

 Connect the motion sensor to the Vernier 
logger.  

 Connect the sensor to the laptop 

 Open the LoggerPro software so that it is 
ready for data collection.  

 If the laptop is connected to a projector 
the graphs can be clearly seen on screen. 

 Press COLLECT DATA at the same time as 
the trolley is released. 

 With Velocity-Time graph enlarged, it can be clearly seen that the graph updates 
with constant acceleration.  

 Students know that the area under a Velocity-Time graph equals the distance 
travelled. By bringing them to the board they can verify if their calculations for area 
(distance travelled) matches the distance displayed in the Distance-Time graph. 

Learning Outcomes 

 Student will be able to interpret Distance-Time motion graphs.  

 Students will be able to replicate Distance-Time motion graphs. 

 Students will be able to apply the use/function of Distance-Time motion graphs. 

 Students will be able to interpret Velocity-Time graphs.  

 Students will be able to appreciate that the slope between any two points on a 
Velocity-Time graph represents the acceleration between those two points. 

 

Further demonstration ideas 

 Use the motion sensor to detect motion over a period of time. Print the result. 

 Now allow another student to move with the sensor to replicate that diagram.  

 

Online Resource:  Video 3 
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Linear Motion – Project an object vertically. 
 
Key Concepts 

● Acceleration, displacement, velocity, force, acceleration due to gravity. 

 

Required Equipment 

● Motion sensor, laptop, LoggerPro software, USB cable, set of slotted masses 

attached to a spring, retort stand.  

 

Outline of Demonstration 

 Connect the motion sensor to a Laptop 
running Vernier LoggerPro software.  

 Two graphs will be set up ready for use, a 
Distance-Time Graph and a Velocity-Time 
Graph.  

 Attach slotted masses on a spring to a retort 
stand. 

 Place the sensor directly under the slotted 
masses. 

 Stretch the slotted masses towards the sensor 
and release.  

 Allow a steady rhythm to develop. 

 Press COLLECT DATA on the LoggerPro screen. 

 The sensor detects motion and sends the data 
to the LoggerPro software. 

 Two graphs are drawn simultaneously with the Distance-Time graph showing an 
oscillating wave.  

 A sample wave is 
illustrated opposite. 

 From the sample graph it 
took 0.4s for the slotted 
masses to reach their 
greatest height above the 
sensor. 
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Learning Outcomes: 

 Students will be able to demonstrate deceleration of a rising object and determine 
the value of the deceleration. 

 Students will be able to demonstrate acceleration of a falling object and determine 
the value of the acceleration due to gravity. 

 Students will be able to interpret a Distance-Time graph. 

 Students will be able to interpret a Velocity-Time graph. 

 

Further demonstration ideas: 

  Repeat experiment using different launch techniques. 

  Determine the best method of vertical projection – how could we verify same?  

 
Online Resource:  Video 9 
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Measuring acceleration due to gravity. 
 
Key Concepts 

 Acceleration, acceleration due to gravity (g), velocity,  

Required Equipment 

 Free fall apparatus, two brass spherical balls (different masses), retort stand with 
clamps, metre stick, 4mm stackable leads and electronic dual timer. 

 

Outline of Demonstration 

 Connect the release mechanism with the ball to a retort 
stand.  

 Place the base of the freefall apparatus directly under 
the ball. 

 Measure the distance from the end of the ball to the 
surface of the Trap Door. (Metre stick) 

 Connect the freefall apparatus to an electronic timer. 

 Release the spherical mass – this will commence the 
timer– allowing it to fall vertically on to the freefall 
base, which will stop the timer.  

 Note the time (recorded on the timer) for the descent. 

𝒂𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 𝒅𝒖𝒆 𝒕𝒐 𝒈𝒓𝒂𝒗𝒊𝒕𝒚 =
𝟐 𝒙 𝒉𝒆𝒊𝒈𝒉𝒕

𝒕𝒊𝒎𝒆𝟐
 

Learning Outcomes: 

 Students will be able to calculate acceleration due to gravity using data collected 
from a free-falling object. 

 Students will be able to demonstrate that the value of g does not depend on the 
mass of the object. 

 

Further demonstration ideas: 

 What effect could air resistance have had on the experiment? 

 Using a stopwatch, determine the time for an object to fall two metres.                     
What difficulties does this present?   

 Using the time on your stopwatch – calculate 
2𝑥2𝑚

𝑡𝑖𝑚𝑒2
 . What value did you get for (g)?   

How could you improve upon this?  

 

Online Resource:  Video 1 
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Vectors & Relative Motion 

 

Combining and Resolving Vectors. 
 
Key Concepts 

 Direction and magnitude of vectors, Equality of vectors, Resolving vectors into 
vertical and horizontal components. 

 

Required Equipment 

 Vector board, coloured elastic bands. 

 

Outline of Demonstration 

 Attach elastic bands to a board to 
illustrate direction and magnitude of 
vectors.  

 Identify equal vectors. 

 Demonstrate scalar multiples of a given 
vector. 

 Combine vectors to demonstrate 
addition and subtraction of vectors. 

 Resolve a vector into its horizontal and 
vertical components. 

 Revision of trigonometric ratios to calculate direction of vectors. 

                          
Learning Outcomes: 

 Students will be able to appreciate that 
both magnitude and direction must be 
considered when combining vectors.  

 Students will be able to calculate the 
resultant of a combination of vectors by 
resolving vectors into their horizontal and 
vertical components.  

 

Further demonstration ideas: 

 Illustrate and resolve the forces on a body on an inclined plane. 

 Resolve the acceleration of a moving wedge acting on a particle on its slopes. 

 

Online Resource:  Video 5  
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The Parallelogram Law for addition of vectors 
 
Key Concepts 

 Vectors, Force, Resultant. 

Required Equipment 

● Two pulleys, string, slotted 100g masses on hook (x3), pencil, paper, ruler, set-
square, board. 

 
 Outline of Demonstration 

 Fix the board in a vertical plane. 

 Attach two pulleys near the top corners as shown opposite.  

 Suspend three hooks bearing different numbers of slotted 
100g masses using string positioned around the pulleys. 

 Ensure the system moves freely and then allow it to come 
to equilibrium. 

 Using a pencil, place a pair of dots on the paper directly behind each string. 

 Using a pencil and ruler, join the dots to 
produce three concurrent lines. 

 Using a pen and ruler, draw over the pencil 
lines to produce three vectors from a point, 
whose magnitudes are in the same ratio as 
the corresponding weights.   

 Using a pen, ruler and set-square, complete 
the parallelogram.  

 

Learning Outcomes: 

 Students will be able to compare the length of the diagonal of the parallelogram to 
the length of the vector representing the central weight using the parallelogram law 
and recognise they are equal within the limits of experimental error. 

 Students will be able to determine the resultant of adding two vectors by drawing a 
parallelogram. 

 

Further demonstration ideas: 

 Repeat the process with different arrangements of slotted masses. 
 

Online Resource:  Video 2 
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Velocity & Vectors – River Crossing 
 
Key Concepts 

 Constant velocity, vector addition, relative velocity 

 
Required Equipment 

 Large roll of catering paper (the “river”), motorised car (the “boat), metre stick, 
stopwatch, protractor, markers, target. 

 
Outline of Demonstration 

 Set car moving across the table; measure its 
constant velocity.  

 Set paper moving at constant speed perpendicular 
to car’s velocity and measure this speed. 

 Draw vector triangle on paper. 

 Use trigonometry to find distance downstream 
where car should land 

 Mark this location, set both car and paper in 
motion 

 Compare predicted to actual landing 
point.  

 
Learning Outcomes: 

 Students will be able to distinguish 
between velocity of a body (e.g. boat) 
relative to a carrier (e.g. river) and 
relative to a fixed observer. 

 Students will be able to determine the velocity of a body by finding the resultant of 
two orthogonal vectors. 

 

Further demonstration ideas: 

 Is it possible to get the car across quicker?  

 What needs to be done in order to cross the river in the shortest possible distance? 

 

Online Resource:  Video 4 
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Forces 

 

Newton’s 3rd Law of Motion.  
 
Key Concepts 

 Forces, Action and Reaction.  

 
Required Equipment 

 Apple, Skewer, hammer. 

 
Outline of Demonstration  

 Place the end of a skewer through an apple 

 Hold the skewer vertically by the other end 

 Hammer vertically down on the top of the skewer. 

 Observe how the apple moves vertically upwards 
along the skewer as you hammer vertically down on 
the skewer.  

                        
Learning Outcomes: 

  Students will be able to appreciate Newton’s Third 
Law that to every action there is an equal and 
opposite reaction. Whenever one object exerts a 
force on a second object, the second object exerts an 
equal and opposite force on the first.  

 
Further demonstration ideas: 

 Discuss similar pairs of forces in real life situations 
such as: 

o Walking on a road versus walking on ice. 

o Swimming.  

o Air escaping from a balloon.  

o Helicopters lifting off the ground. 

 

Online Resource:  Video 13   
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The Motion of a Mass on a Wedge. 

 
Key Concepts 

 Force  

 Acceleration of wedge 

 Acceleration of an object relative to the wedge 

 

Required Equipment 

 Laboratory trolley, linear track for trolley, adjustable wedge, set of assorted masses. 

 
Outline of Demonstration 

 Place trolley on linear track.  

 Secure an inclined plane to the trolley (this 

will act as our movable wedge). 

 Place a mass at the top of the plane. 

 Observe the wedge moving to the right as 

the mass slides down the plane.  

 

Learning Outcomes: 

 Students will be able to appreciate that the action of 
the mass moving to the left causes the wedge to react 
and move to the right (Newton’s Third Law).  

 Students will be able to appreciate that since there is 
no external force the momentum in the horizontal 
direction must remain constant (Newton’s Second 
Law). 

 

Further demonstration ideas: 

 By placing markers at the initial positions of the mass and wedge and by marking the 
position where the mass leaves the wedge – one can map the motion of the wedge. 
Consider: 

o Acceleration of mass relative to wedge 
o Actual horizontal acceleration of mass 

 

 What impact (if any) would occur if we change the angle / change the mass?  

 

Online Resource:  Video 15 
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Measuring the Coefficient of friction on an Inclined Plane 
 
Key Concepts 

 Resolving forces, Acceleration, Velocity, Coefficient of Friction       

 
Required Equipment 

 Inclined Plane, protractor, wooden blocks with different base materials. 
 

Outline of Demonstration 

 Set up inclined plane and wooden 
blocks with different surfaces. 

 Allow the wooden blocks to slide 
down the plane one by one. 

 Observe the change in velocities 
with the different blocks.  

 Change the angle of the plane and 
repeat to compare movement.  

 Gradually alter the angle of incline for one block until it is on the point of slipping. 

 Measure the angle of incline, 𝐴, at this point. The coefficient of friction is 𝑇𝑎𝑛 𝐴 at 
this point. 

 
Learning Outcomes: 

 Students will be able to appreciate that changing the frictional force, and the incline, 
means the component of weight down the slope changes and the velocity of the 
object is therefore altered. 

 Students will be able to evaluate that when the component of weight down the 
slope equals the frictional force the object will not move.  

 Students will be able to appreciate that at this point maximum friction has been 
reached, 𝐹𝑟 = 𝜇𝑅. 

 
Further demonstration ideas: 

 Use a motion sensor to time movement, calculate velocities and apply equations of 
motion to calculate the acceleration.  

 

Online Resource:  Video 18  
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Hooke’s Law 
 
Key Concepts 

 The extension of a spiral spring is proportional to the load placed upon it.  

 

Required Equipment 

 Elastic spring, hook with slotted 100g masses (x9), clamp, ruler, rubber bands.  

 

Outline of Demonstration 

 Fix the clamp securely. 

 Attach the spring to the clamp so that it 
hangs vertically.  

 Suspend the hook with one slotted mass 
attached, from the base of the spring 
(Note: the spring needs a slight initial 
tension to behave uniformly when further 
extended) 

 Other 100g masses may be added to increase the load, but ensure the number of 
masses added, doesn’t stretch the spring beyond its elastic limit. 

 Attach a small light paper marker to the bottom of the initial load. 

 Using rubber bands and a support, attach the ruler in a vertical plane and position it 
so that the zero of the ruler is in line with the “marker”. 

 Record the extension that results, each time the load is increased. 

 Plot a graph of extension (cm) against Force (N)  

 

Learning Outcomes: 

 Students will be able to determine the linear nature of the graph and recognise they 
are equal within the limits of experimental error. 

 Students will be able to evaluate the value of the spring constant  k  from the 
formula  F=kx 

 

Further demonstration ideas: 

 Repeat the process using different springs 

 

Online Resource:  Video 16  
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Pulleys 
 

Mechanical Advantage - Archimedes Pulley 
 
Key Concepts 

 Mechanical advantage gained by multiple pulleys  

 
Required Equipment 

 Two broom handles, length of rope, one wheeled chair, two volunteers. 

 

Outline of Demonstration 

 Sitting in the fixed chair, tie one end of 
the rope on to a broom handle and hold.  

 Give the other broom handle to a 
volunteer sitting in the wheeled chair. 

 Loop the rope once around this handle 
and give the loose end to the second 
volunteer standing behind the fixed chair. 

 Ask the standing volunteer to exert a constant pull on the rope. Observe the length 
of rope used up and the speed of the rope.  

 Next loop the rope once more around both handles and ask the standing volunteer 
to once again exert the same constant pull on the rope. The length of rope used up is 
longer and moves faster than previously. 

 Repeat the loop once more and observe the difference in the new length of rope 

used up and the speed of the rope.  

 

Learning Outcomes: 

 Students will be able to appreciate the mechanical 
advantage gained by using multiple pulleys. 

 

Further demonstration ideas: 

 Adapt the system to pull heavier items. 

 Scale up the mechanical advantage to pull a car or lift a person, etc.  

Online Resource:  Video 17  
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Mechanical Advantage - Combinations of Pulleys. 
 
Key Concepts 

 Use of fixed & moveable pulleys 

 Mechanical advantage 

Required Equipment 

 Set of different types of pulleys, inelastic twine/cord, retort stand, slotted masses 
and hook, newton spring balance. 

 
Outline of Demonstration 

 Setup the various pulley systems as shown.  

 Using the newton spring balance (or a second set of masses) observe the force that is 
required to balance the system in each case. 

 Allow the students to build their own systems to achieve a certain mechanical 
advantage.  

 

   

 

 

 

 

 

 

 

 

 

 

 
Learning Outcomes: 

 Students will be able to evaluate that a fixed pulley on its own will change the 
direction of the required force, but will not create a mechanical advantage. 

 Students will be able to evaluate that a single moveable pulley will halve the force 
required to lift the mass and provide a mechanical advantage of 2:1. 

 Students will be able to evaluate that by counting the number of vertical lines used 
to lift the mass in a combination system the mechanical advantage can be 
determined.  

 

Online Resource:  Video 11 
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Acceleration of connected particles around a simple pulley is a fraction of 
freefall   
 
Key Concepts 

 Force, tension, friction, mass, acceleration, system, inertia, freefall. 

 
Required Equipment 

 Pulley, table, hook with 100g slotted masses, string, “Kick-Disc” (model hovercraft) 

 

Outline of Demonstration 

 Fix the pulley to the edge of 
a smooth horizontal table. 

 Attach the model hovercraft 
of mass M to a hook with 
slotted masses (total mass 
M) using string over the 
smooth pulley.  

 Hold a horizontal platform 
under the hanging mass and 
place a further mass M on 
the platform   

 Ensure the system can 
move freely and then when 
everything is in equilibrium, remove the platform instantaneously to allow the two 
masses fall (and hovercraft to travel). 

 
Learning Outcomes 

 Students will be able to observe that the free mass will hit the floor first. 

 Students will be able to appreciate that despite no friction being present, the greater 
inertia in the system of the two attached masses leads to a lesser acceleration and a 
delayed landing for that mass.  

 
Further demonstration ideas 

 Conduct further trials with the table set at various angles of inclination.  

 

Online Resource:  Video 12 
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Projectiles 
 

Vertical & Horizontal Components of Velocity.    
 
Key Concepts 

 Velocity - vertical component & horizontal components. 

 Acceleration – vertical & horizontal components. 

 

Required Equipment 

 Ballistic cart, spherical mass. 
 

Outline of Demonstration 

 Place the spherical mass in the cart. Prime the cart for firing.  

 Gently push the cart and launch the ball once it is moving at constant speed (A). 

 As the trolley moves horizontally to point B, the ball falls back into the cart. 

 

  
 

 

 

 

 

 

 

Learning Outcomes: 

 Students will be able to appreciate that the vertical and horizontal components of 
motion do not influence each other.  

  

Further demonstration ideas: 

 Use a camera and record the motion of the object. Use ‘still’ frames to plot the 
trajectory of the object. 

 

 Place a camera on the cart pointing upwards – what do you expect to see? Consider 
frames of reference. 

 

 Set up an experiment so that the cart accelerates (attach a hanging mass to a cord 
which travels over a pulley and is fixed to the cart). What would you expect to 
happen in this case?  

 

Online Resource:  Video 7  
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Parabolic Trajectory of Projectile 
 
Key Concepts 

 Linking quadratic equations with parabolic trajectories, horizontal and vertical 
components of velocity, and the implications of having zero vertical velocity.  

 
Required Equipment 

 Projectile launcher set to horizontal position (or gauss rifle); moveable table or 

trolley with wheel lock; projectile; measuring tape; large sheet of paper; masking 

tape; video recorder with timer (optional).  
 

Outline of Demonstration  

 Set up the launcher on a table 

at a fixed height above the 

horizontal ground. 

 Set up a target sheet at a fixed 

distance from the launcher on 

a vertical wall. 

 Mark the fixed height of the 

launcher on the paper as a 

horizontal line; this is zero vertical displacement. 

 Launch the projectile horizontally towards the paper and mark where it hits the 

target sheet. 

 Calculate drop in height from where the projectile hits the target. (refer to appendix 

for calculations) 

 Calculate the time of flight and hence launch velocity by applying the linear motion 

formula 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2  in both horizontal and vertical directions. 

 Decrease the launcher’s horizontal distance to the target sheet and measure this 

new distance. 

 Again using linear motion formula in two directions, find new time of flight and 

hence new vertical displacement. 

 Calculate the predicted drop in height and mark this on the target sheet. 
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 Launch projectile again and compare the new height with the height predicted by 

the calculations.  

 

Learning Outcomes: 

 Students will be able to verify the parabolic nature of the projectile’s trajectory. 

 Students will be able to predict the strike location of the projectile.  

 Students can evaluate the time of flight and compare it with measured values.  

 

Further demonstration ideas: 

 If a projectile is dropped at the instant of firing a similar projectile horizontally, which 
will hit the ground first? 

 Compare the calculated time of flight with a timed video recording.  

 To reduce experimental error, graph multiple measurements of range versus drop in 
height and use a line of best fit.  

 

Online Resource:  Video 14 
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Investigating Features of Projectile Motion 
 
Key Concepts 

 Reaching a target by adjusting initial conditions, horizontal and vertical components 
of velocity, dual solutions to target, principle of conservation of energy (optional) 

 

Required Equipment 

 Projectile launcher with adjustable angle of projection, projectile, measuring tape, 
video recorder with timer (optional). 

 

Outline of Demonstration 

 Set up target at fixed distance from 
launcher on an elevated platform. 

 Adjust launch angle, 𝜃 to hit target 
with projectile. 

 Calculate speed of projectile, 𝑢, using 
linear motion formulas. 

 Form a quadratic equation in 

tan 𝜃 and solve to determine second 

viable solution to equation. (refer to appendix for calculations) 

 Adjust launcher to second value of  𝜃 and the projectile should hit target on a 
different trajectory. 

 
Learning Outcomes: 

 Students will be able to convert speed and angle of projection into horizontal and 
vertical components. 

 Students will be able to evaluate predicted time to max height, time of flight and 
range with measured values. 

 

Further demonstration ideas: 

 What effect does varying the height and range of the target have on the angle of 
projection? 

 Can you calculate the time of flight of the projectile? How does it compare with the 
timed video recording?  

 

Online Resource:  Video 10  
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The motion of a Projectile – Parabolic Motion  
 
Key Concepts 

 Distance, Displacement, Range, Speed, Velocity, Parabolic Motion.  

 
Required Equipment 

 Garden hose, retort stand and clasp for hose, protractor, measuring tape, small discs 
to mark the range. 

 
Outline of Demonstration 

 Fasten a water hose to a retort stand. 

 Attach a protractor to the hose at the 
point of projection. 

 Project the water parallel to the plane of 
the wall whilst a second person measures 
its path. 

 Note the parabolic path of the trajectory. 

 Measure the angle of projection, the 
range from the point of projection to 
where the water lands and the maximum height of the parabolic path. 

 Repeat for different angles of projection. 

 Try to find two angles that will give the same range. 

 Investigate the angle that gives the maximum range. 

                        
Learning Outcomes: 

 Students will be able to determine that the path of a projectile is parabolic.  

 Students will be able to determine the angle that will give the greatest range. 

 Students will be able to determine the two different angles of projection that will 
give the same range. 

 
Further demonstration ideas: 

 Altering the power of the water supply to increase the speed of projection and 
measure the change in range and maximum height. 

 Provide a sprinkler for the hose to view a range of trajectories simultaneously.  

 

Online Resource:  No video created for this demonstration.  Why not create your own video 
as part of a class project? 
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Appendix A 
 

Calculations used in Demonstrations 
 

Measuring the coefficient of friction on an inclined plane 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.     Resolving forces parallel to plane: 

     

  𝑰    𝝁𝑹 = 𝑾𝒔𝒊𝒏 𝜽  
 

2.     Resolving forces perpendicular to plane: 

     

    𝑰𝑰    𝑹 = 𝑾𝒄𝒐𝒔 𝜽  
 

3. Divide 𝐼 by 𝐼𝐼 and by dividing numerator and denominator by 𝑅 and 𝑊 we get an 

expression for 𝜇: 

 

𝑰       𝝁𝑹 = 𝑾𝒔𝒊𝒏 𝜽  
 

𝑰𝑰       𝑹 = 𝑾𝒄𝒐𝒔 𝜽  
 

 𝝁 =
𝒔𝒊𝒏 𝜽

𝒄𝒐𝒔 𝜽
  

 

4. Hence,   

𝝁 = 𝒕𝒂𝒏 𝜽  

𝑊 

𝑅 

𝜃 

𝑊𝑐𝑜𝑠 𝜃 

𝑊𝑠𝑖𝑛 𝜃 

𝑭𝒓 = 𝝁𝑹 
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Parabolic Trajectory of Projectile 
 

5. Horizontal distance measured to target: 1 𝑚 

Vertical displacement measured after 1st strike: 0.19 𝑚, 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑 

6. Finding launch speed in the horizontal direction 

Formula used:  𝒔 = 𝒖𝒕 +
𝟏

𝟐
𝒂𝒕𝟐 

 

Horizontal motion 

𝒔𝒙 = 𝒖𝒙𝒕 +
𝟏

𝟐
(𝟎)𝒕𝟐  

 
𝟏 = 𝒖𝒙𝒕  … (𝑬𝒒. 𝟏)  

 

Vertical motion 

𝒔𝒚 = (𝟎)𝒕 +
𝟏

𝟐
𝒂𝒚𝒕𝟐  

 

−𝟎. 𝟏𝟗 = −
𝟏

𝟐
𝒈𝒕𝟐   … (𝑬𝒒. 𝟐)  

 

From 𝐸𝑞. 2 we get: 𝒕 = √
𝟏𝟗

𝟒𝟗𝟎
 𝒔 

Substituting in 𝐸𝑞. 1 we get: 𝒖𝒙 = √
𝟒𝟗𝟎

𝟏𝟗
 𝒎𝒔−𝟏 

 

7. New horizontal distance measured to target: 0.75 𝑚 

8. Finding new displacement in the vertical direction: 

Formula used:  𝒔 = 𝒖𝒕 +
𝟏

𝟐
𝒂𝒕𝟐 

Horizontal motion 

𝒔𝒙 = 𝒖𝒙𝒕 +
𝟏

𝟐
(𝟎)𝒕𝟐  

𝟎. 𝟕𝟓 = √
𝟒𝟗𝟎

𝟏𝟗
𝒕  … (𝑬𝒒. 𝟑)  

Vertical motion 

𝒔𝒚 = (𝟎)𝒕 +
𝟏

𝟐
𝒂𝒚𝒕𝟐  

𝒔𝒚 = −
𝟏

𝟐
𝒈𝒕𝟐   … (𝑬𝒒. 𝟒)  

From 𝐸𝑞. 3 we get: 𝑡 ≈ 0.148 𝑠 

Substituting in 𝐸𝑞. 4 we get: 𝑠𝑦 ≈ −0.11 𝑚 

Our prediction for the 2nd strike is 0.11 𝑚, 𝑑𝑜𝑤𝑛𝑤𝑎𝑟𝑑.  

 
Task: predict location of 3rd strike when horizontal distance is changed to 0.5 𝑚. (Answer = 
𝟎. 𝟎𝟓 𝒎, 𝒅𝒐𝒘𝒏𝒘𝒂𝒓𝒅) 
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Investigating Features of Projectile Motion 

 

1. Horizontal distance measured to target: 𝟏 𝒎 

Vertical displacement of target measured: 𝟎. 𝟏 𝒎, 𝒖𝒑𝒘𝒂𝒓𝒅 

Successful angle of projection (trial & error): 𝜶 = 𝟐𝟓° 

Let unknown initial speed of projectile be 𝒖. 

2. Finding 𝒖. 

Formula used:  𝒔 = 𝒖𝒕 +
𝟏

𝟐
𝒂𝒕𝟐 

 

Horizontal motion 

𝒔𝒙 = 𝒖𝒙𝒕 +
𝟏

𝟐
(𝟎)𝒕𝟐  

𝟏 = (𝒖 𝒄𝒐𝒔 𝟐𝟓°)(𝒕)  

𝒕 =
𝟏

𝒖 𝒄𝒐𝒔 𝟐𝟓°
  → 

 

Vertical motion 

𝒔𝒚 = 𝒖𝒚𝒕 +
𝟏

𝟐
𝒂𝒚𝒕𝟐  

𝟎. 𝟏 = (𝒖 𝒔𝒊𝒏 𝟐𝟓°)(𝒕) −
𝟏

𝟐
𝒈(𝒕)𝟐   

 𝟎. 𝟏 = 𝒖 𝒔𝒊𝒏 𝟐𝟓° (
𝟏

𝒖 𝒄𝒐𝒔 𝟐𝟓°
) −

𝟏

𝟐
𝒈 (

𝟏

𝒖 𝒄𝒐𝒔 𝟐𝟓°
)

𝟐

  

𝟎. 𝟏 = 𝒕𝒂𝒏 𝟐𝟓° −
𝒈

𝟐𝒖𝟐
(𝒔𝒆𝒄𝟐𝟐𝟓°  )  

𝟎. 𝟏 = 𝒕𝒂𝒏 𝟐𝟓° −
𝒈

𝟐𝒖𝟐
(𝟏 + 𝒕𝒂𝒏𝟐 𝟐𝟓°)  

Solving gives 𝒖 = 𝟒. 𝟎𝟒 𝒎 𝒔−𝟏 

 

3. Solving equation in 𝒕𝒂𝒏 𝜶  

Horizontal motion 

𝒔𝒙 = 𝒖𝒙𝒕 +
𝟏

𝟐
(𝟎)𝒕𝟐  

𝟏 = (𝟒. 𝟎𝟒 𝒄𝒐𝒔 𝜶)(𝒕)  

𝒕 =
𝟏

𝟒. 𝟎𝟒 𝒄𝒐𝒔 𝜶
  → 

Vertical motion 

𝒔𝒚 = 𝒖𝒚𝒕 +
𝟏

𝟐
𝒂𝒚𝒕𝟐  

𝟎. 𝟏 = (𝟒. 𝟎𝟒 𝒔𝒊𝒏 𝜶) (
𝟏

𝟒.𝟎𝟒 𝒄𝒐𝒔 𝜶
) −

𝟏

𝟐
𝒈 (

𝟏

𝟒.𝟎𝟒 𝒄𝒐𝒔 𝜶
)

𝟐

   

 𝟎. 𝟏 = 𝒕𝒂𝒏 𝜶 −
𝒈

𝟑𝟐.𝟓𝟕
 (

𝟏

𝒄𝒐𝒔𝟐 𝜶
 )  

𝟎. 𝟏 = 𝒕𝒂𝒏 𝜶 −
𝒈

𝟑𝟐.𝟓𝟕
 (𝒔𝒆𝒄𝟐𝜶)  

𝟎. 𝟏 = 𝒕𝒂𝒏 𝜶 −
𝒈

𝟑𝟐.𝟓𝟕
 (𝟏 + 𝒕𝒂𝒏𝟐 𝜶   )  

Solving gives 𝜶 = 𝟕𝟏°  (𝒐𝒓 𝟐𝟓° ) 

 

4. Task: How far will projectile overshoot if 𝜶 is set to 𝟑𝟎° 
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Linear Motion –Measuring acceleration due to gravity. 
 
 
 
Typical Results  

 
 
 
 
 

 

𝑺 =  𝒖𝒕 +
𝟏

𝟐
 𝒂𝒕𝟐 

 

𝟎. 𝟓 = 𝟎(𝟎. 𝟑𝟐) +
𝟏

𝟐
 𝒈(𝟎. 𝟑𝟐)𝟐 

 

𝟎. 𝟓 = 𝟎 +
𝟏

𝟐
 𝒈(𝟎. 𝟏𝟎𝟐𝟒) 

 
      𝟎. 𝟓 =  𝒈(𝟎. 𝟎𝟓𝟏𝟐) 
 

                   𝒈 =
𝟎𝟓

𝟎.𝟎𝟓𝟏𝟐
 =   𝟗. 𝟕𝟔𝟔 𝒎𝒔−𝟐  
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Height (m) Time (s) 

0.4 0.29 

0.5 0.32 

0.6 0.35 

0.7 0.38 

 

u   =   0 

a   =   g 

s   =   0.5 m 

t   =   0.32 s 

 


