
 

 

SACE Physics Guide  

Subtopic 1.1: Projectile motion 
Students are introduced to the theories and quantitative methods used to describe, determine, and 
explain projectile motion, both in the absence of air resistance and in media with resistive forces. 

Students study projectile motion, through a range of investigations to understand how the principles 
are applied in the contexts of sports, vehicle designs, and terminal speed. 

Science Understanding Possible contexts 

Uniformly accelerated motion is described 
in terms of relationships between 
measurable scalar and vector quantities, 
including displacement, speed, velocity, 
and acceleration. 

Motion under constant acceleration can be 
described quantitatively using the following 
formulae: 

• 0v v at= +  

• 2
0

1
2s v t at= +  

• 2 2
0 2v v as= + .  

Projectile motion can be analysed 
quantitatively by treating the horizontal and 
vertical components of the motion 
independently. 
• Construct, identify, and label 

displacement, velocity, and acceleration 
vectors. 

• Use vector addition and subtraction to 
calculate net vector quantities. 

• Resolve velocity into vertical and 
horizontal components, using 

cosHv v θ=  and sinVv v θ=  for the 
horizontal and vertical components 
respectively. 

• Determine the velocity at any point, 
using trigonometric calculations or a 
scale diagram. 

Explanation of the difference between 
scalar and vector quantities and methods 
of measurement of these quantities is 
covered in Stage 1, Topic 1: Linear motion 
and forces. 

This uses the concept of acceleration 
developed in Stage 1, Subtopic 1.1: Motion 
under constant acceleration. 

Use trigonometric calculations and scale 
diagrams to determine quantities, using 
vector addition and subtraction. 

Given a diagram showing the path of a 
projectile, draw vectors to show the forces 
acting on the projectile, as well as the 
acceleration and velocity vectors. 

Use a projectile launcher to investigate the 
effect of launch angle or launch height on 
range. 

An object experiences a constant 
gravitational force near the surface of the 
Earth, which causes it to undergo uniform 
acceleration. 
• Explain that the acceleration of a 

projectile is always downwards and 
independent of its mass. 

• Explain that, in the absence of air 
resistance, the horizontal component of 
the velocity is constant. 

Demonstrate the independence of 
acceleration due to gravity on mass using 
NASA footage of dropping a hammer and 
feather on the Moon: 
https://www.youtube.com/watch?v=5C5_d
OEyAfk 

Science Understanding Possible contexts 



 

 

Science Understanding Possible contexts 

The motion formulae are used to calculate 
measurable quantities for objects 
undergoing projectile motion.  
• Calculate the time of flight when a 

projectile is launched horizontally. 
• Calculate the time of flight and the 

maximum height for a projectile when 
the launch height is the same as the 
landing height. 

• Calculate the horizontal range of a 
projectile.  

• Explain qualitatively that the maximum 
range occurs at a launch angle of 45° for 
projectiles that land at the same height 
from which they were launched. 

• Describe the relationship between 
launch angles that result in the same 
range. 

• Describe and explain the effect of launch 
height, speed, and angle on the time of 
flight and the maximum range of a 
projectile. 

• Analyse multi-image representations of 
projectile paths. 

Investigate the ‘monkey and the hunter’ 
problem both quantitatively and 
qualitatively. 

Use video footage to analyse projectile 
motion in a variety of contexts. 

Analyse the constant horizontal 
component of the velocity of the projectile 
qualitatively and quantitatively, using 
various recording technologies. 

Model and demonstrate that the maximum 
range occurs at a launch angle other than 
45° when the launch height is different to 
the landing height.  

In terms of projectile motion, analyse 
footage of students undertaking a sport 
like shot put. 

Use concepts from projectile motion to 
analyse sporting activities such as aerial 
skiing, golf, javelin, shot put, and various 
ball sports.  

When a body moves through a medium 
such as air, the body experiences a drag 
force that opposes the motion of the body. 
• Explain the effects of speed, cross-

sectional area, and density of the 
medium on the drag force on a moving 
body. 

• Explain that terminal velocity occurs 
when the magnitude of the drag force 
results in zero net force on the moving 
body.  

• Describe situations such as skydiving 
and the maximum speed of racing cars 
where terminal velocity is achieved. 

• Describe and explain the effects of air 
resistance on the vertical and horizontal 
components of the velocity, maximum 
height, and range of a projectile. 

• Describe and explain the effects of air 
resistance on the time for a projectile to 
reach the maximum height or to fall from 
the maximum height. 

Determine the terminal velocity of a 
spherical object by dropping it into a 
viscous liquid. 

Determine the drag coefficients by 
dropping coffee filters or cupcake holders. 
By manipulating the mass and recording 
the time taken to reach the ground, use the 
air resistance formula to calculate the drag 
coefficient. 

Discuss the conclusions of experiments 
comparing swimming in syrup with 
swimming in water: 
http://www.nature.com/news/2004/040920/
full/news040920-2.html 

Explore examples of the way that 
scientists have been able to develop 
solutions affecting aerodynamics (such as 
shape, texture, and spin) of different 
objects like balls, planes, and cars. 

 
  



 

 

1.  The parabolic path of a small particle projected in the Earth’s constant gravitational field is shown 
in the diagram below. Draw labelled arrows from A and B to indicate the direction of the velocity v  

and the acceleration a  at each of these points. 

       B 

 

       

                 A          

                

 
 
 
 
 
2.  The multi-image diagram below represents the motion of a projectile launched from the ground. 

The time interval between images is 1.0 s. Assume negligible air resistance for the motion shown.  

 
Using the information shown in the diagram above: 

(a) calculate the horizontal speed of the projectile.  

(b) state the maximum height reached by the projectile. 

(c) calculate the magnitude of the vertical acceleration of the projectile. 

 
3.  You are in an open-top car, travelling east along a horizontal straight road at a constant speed of 

25 m s-1. You throw a ball vertically upwards at a speed of 11 m s-1. 

 (Ignore air resistance. Gravitational acceleration  = 9.8 m s-2 directed downwards.) 

height	
(m)

distance	(m)



 

 

 
(a) State the magnitude of the horizontal component of the velocity of the ball at the instant the 

ball leaves your hand.  

(b) Show that the time the ball takes to return to the same height from which it was thrown        is 

2.2 s.  

(c) Calculate the speed of the ball 2.0 s after it leaves your hand. 

(d) Describe and explain where a ball would land in relation to the car if the ball encountered 

significant air resistance. Assume the effect of air resistance on the car is negligible. 

 

 

4. A puck of mass m =0.30 kg is moving with uniform circular motion on a horizontal air table. The 
length of the string attached to the puck is r = 0.10 m, as shown in the diagram below. The period 
of the puck’s circular motion about point X is 6.28 s. 

 

 
(a)  Identify the force that is causing the centripetal acceleration of the puck.  

(b) Show that the magnitude of the tension F in the string is given by F = 
   

 

(c) Hence calculate the magnitude of the tension in the string.  
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5.  In an experiment a small ball is attached to a cord of negligible mass that passes through a glass 
tube, as shown in the diagram below. Also attached to the cord is a mass M, which hangs 
vertically below the glass tube. 

The ball is moving in a horizontal circle at a constant radius with a tangential speed of v m 
s-1. During the experiment the mass M is varied and the corresponding value of the 
tangential speed v of the ball is measured. 

 

 
The graph below shows the square of the tangential speed v2 versus the mass M: 

 

 
Calculate the gradient of the line of best fit shown on the graph above. Include the unit of the gradient. 

Clearly label on the graph the points you have used in your calculation. 

 

6. A car travels round a circular curve on a flat, horizontal road at a radius of 42m, as shown in the 
diagram below: 

 

6

2. In an experiment a small ball is attached to a cord of negligible mass that passes through a glass 

tube, as shown in the diagram below. Also attached to the cord is a mass M, which hangs 

vertically below the glass tube. 

The ball is moving in a horizontal circle at a constant radius with a tangential speed of v m s−1. 

During the experiment the mass M is varied and the corresponding value of the tangential speed v 

of the ball is measured.

glass tube

M

ball

cord

v

The graph below shows the square of the tangential speed v2 versus the mass M:
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Calculate the gradient of the line of best ! t shown on the graph above. Include the unit of the 

gradient. Clearly label on the graph the points you have used in your calculation. 

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 _________________________________________________________________________________________________ (3 marks)
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2. In an experiment a small ball is attached to a cord of negligible mass that passes through a glass 

tube, as shown in the diagram below. Also attached to the cord is a mass M, which hangs 

vertically below the glass tube. 

The ball is moving in a horizontal circle at a constant radius with a tangential speed of v m s−1. 

During the experiment the mass M is varied and the corresponding value of the tangential speed v 

of the ball is measured.

glass tube

M

ball

cord

v

The graph below shows the square of the tangential speed v2 versus the mass M:
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Calculate the gradient of the line of best ! t shown on the graph above. Include the unit of the 

gradient. Clearly label on the graph the points you have used in your calculation. 

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 _________________________________________________________________________________________________ (3 marks)



 

 

 
 

(a) Draw an arrow on the diagram above to show the direction of the frictional force 
needed for the car to travel round the curve at a radius of 42m.       
(1 mark) 

 

(b) The maximum frictional force between the tyres and the road is equal to 20% of the 
weight of the car.  

Calculate the maximum speed at which the car can travel round the curve at a constant 
radius of 42 m.  

 

7.  The exit of a freeway has been designed so that a car can travel safely around the curved section 
of the ramp when the road is wet. The banking angle θ enables a car to travel around the curved 
section of the ramp without relying on friction, as shown in the diagram below: 

 
(a) On the diagram above, draw and label a vector to show the normal force acting on the car.                                                                                                                                                    

            

(b) Using the vector you have drawn in part (a), explain how the banking angle enables the car to 
travel around the curved section of the ramp without relying on the friction.   

7 PLEASE TURN OVER

3. A car travels round a circular curve on a ! at, horizontal road at a radius of 42 m, as shown in the 

diagram below:

centre of curvature

r = 42 m

(a) Draw an arrow on the diagram above to show the direction of the frictional force needed 

for the car to travel round the curve at a radius of 42 m. (1 mark)

(b) The maximum frictional force between the tyres and the road is equal to 20% of the 

weight of the car.

Calculate the maximum speed at which the car can travel round the curve at a constant radius 

of 42 m.

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 _______________________________________________________________________________________________________

 ____________________________________________________________________________________________ (4 marks)
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2. The exit of a freeway has been designed so that a car can travel safely around the curved section of 

the ramp when the road is wet. The banking angle q enables a car to travel around the curved  

section of the ramp without relying on friction, as shown in the diagram below:

(a) On the diagram above, draw and label a vector to show the normal force acting on  

the car. (1 mark)

(b) Using the vector you have drawn in part (a), explain how the banking angle enables the 

car to travel around the curved section of the ramp without relying on friction.

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  _____________________________________________________________________________________________(3 marks)

(c) The curved section of the ramp has a radius of 150 m and a banking angle of 11º. 

Calculate the maximum speed at which the car can travel around the curve without relying on 

friction.

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  _____________________________________________________________________________________________(2 marks)



 

 

 
(c) The curved section of the ramp has a radius of 150 m and the banking angle is 11°. 

Calculate the maximum speed at which the car can travel around the curve without 
relying on friction.  

 

8. The polar-orbiting satellite NOAA-N was launched in May 2005, as shown in the photograph below:  

 
The satellite is now moving in a circular orbit above the Earth’s surface at an altitude of 
870 km. The mass of the Earth is 5.97 x 1024 kg and its mean radius is 6.38 x 106 m. 

(a) Show that the orbital speed of the satellite is 7.41 x 103 ms-1.  

(b) Calculate the magnitude of the acceleration due to gravity at the satellite’s altitude.  

 
9. A satellite orbits the Earth in a circular path, as shown in the diagram below:  

 
(a) On the diagram above, draw a vector to represent the acceleration of the satellite.      

           

(b) The satellite orbits the Earth at a radius of 4.224 x 107 m and a speed of 3072 m s-1. Calculate 
the orbital period of the satellite to the appropriate number of significant figures.  

(c)  (i) Show that the period squared T2 of the satellites orbiting the Earth is directly 
proportional to their radius cubed (T2 α r3 ). Use the equations 

10

4. The polar-orbiting satellite NOAA-N was launched in May 2005, as shown in the photograph 

below:

Source: www.nasa.gov/mission_pages/noaa-n/main/index.html

The satellite is now moving in a circular orbit above the Earth’s surface at an altitude of 870 km. 

The mass of the Earth is 5.97 1024 kg and its mean radius is 6.38  106 m.

(a) Show that the orbital speed of the satellite is 7.41 103 m s 1.

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  _____________________________________________________________________________________________(2 marks)

(b) Calculate the magnitude of the acceleration due to gravity at the satellite’s altitude.

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  ________________________________________________________________________________________________________

  _____________________________________________________________________________________________(3 marks)
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v =    and  v = .  

(ii) Hence explain why geostationary satellites have orbits of relatively large 
radius in comparison with other artificial satellites that move with uniform 
circular motion about the Earth. 

10. A basketball moving at a speed of 5.0 m s-1 collides with a wall. The basketball is in 
contact with the wall for 0.050 s and bounces off the wall without a change of speed. The 
basketball is moving at 30.0º to the normal immediately before and after the collision, as 
shown in the diagram below: 

 
(a) (i) Draw a labelled vector diagram to determine the change in velocity of the 

basketball as a result of the collision with the wall. Use the initial and final velocity 
vectors in your diagram.         
 (3 marks)                       
   

(ii) Hence show that the magnitude of the change in velocity of the basketball as a result of 
the collision is 8.7 m s-1. 
 
11. Two vehicles collide and lock together. 

The collision occurs at an intersection where vehicle A (1100 kg) is travelling due east and 
vehicle B (1300 kg) is travelling due north. 

After the collision the wrecked motor vehicles remain locked together and move in the 
direction shown in the diagram below. 

Assume that the collision is an isolated one. 
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5. A basketball moving at a speed of 5.0 m s 1 collides with a wall. The basketball is in contact with 

the wall for 0.050 s and bounces off the wall without a change of speed.

The basketball is moving at 30.0º to the normal immediately before and after the collision, as 

shown in the diagram below:

[This diagram is not drawn to scale.]

(a) (i) Draw a labelled vector diagram to determine the change in velocity of the basketball 

as a result of the collision with the wall. Use the initial and final velocity vectors in 

your diagram.

(3 marks)

(ii) Hence show that the magnitude of the change in velocity of the basketball as a result 

of the collision is 8.7 m s 1.

  ___________________________________________________________________________________________________

  ___________________________________________________________________________________________________

  ___________________________________________________________________________________________________

  ___________________________________________________________________________________________________

  ___________________________________________________________________________________________________

  ___________________________________________________________________________________________________

  ___________________________________________________________________________________________________

  ___________________________________________________________________________________________________

  ________________________________________________________________________________________(3 marks)



 

 

 
 
 

Vehicle A was travelling at 32 m s-1 before the collision and the speed of the vehicles after 
collision  
was 17 m s-1.  

Calculate the speed of vehicle B before the collision. 
 
12. Two identical objects of equal mass m, moving with the same initial speed ½ v, collide. 

After the collision the two objects join together and move off as one object of mass 2m, 
with speed ¼ v, as shown in the diagram below. The angle θ between the directions of the 
initial velocities is also shown in the diagram. 

 
Determine the value of θ, drawing a labelled vector diagram in the space above. Assume 
an isolated system.  

 

10

5. Two identical objects of equal mass m, moving with the same initial speed 
1

2
v, collide. After the

collision the two objects join together and move off as one object of mass 2m, with speed 
1

4
v,

as shown in the diagram below. The angle θ between the directions of the initial velocities is also 

shown in the diagram.

1

2
v

m

m

2m

1

4
v

1

2
v

[This diagram is not drawn to scale.] Space for vector diagram

Determine the value of θ, drawing a labelled vector diagram in the space above. Assume an 

isolated system.

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 ____________________________________________________________________________________________________________

 _________________________________________________________________________________________________ (5 marks)



 

 

13. A collision between two pucks on an air table is represented in the multi-image 
diagram below. The mass of puck A is 2m and the mass of puck B is m. After the collision 
the two pucks stick together and move off as a single object. 

 
(a) Describe evidence from the diagram indicating that no external forces are acting on the 

combined pucks after the collision.  
 (b) On the diagram above, draw and label vectors representing the momentum of puck A 

before the collision, the momentum of puck B before the collision, and the momentum 
of the combined pucks A and B after the collision.      
              

(c) With the aid of a vector diagram drawn on the diagram above, explain whether 
momentum was conserved in this collision.  

 
  

4

(b) A collision between two pucks on an air table is represented in the multi-image diagram
below. The mass of puck A is 2m and the mass of puck B is m. After the collision the
two pucks stick together and move off as a single object.

(i) Describe evidence from the diagram indicating that no external forces are acting on
the combined pucks after the collision.

 (2 marks)

(ii) On the diagram above, draw and label vectors representing the momentum of
puck A before the collision, the momentum of puck B before the collision, and
the momentum of the combined pucks A and B after the collision.

(3 marks)

(iii) With the aid of a vector diagram drawn on the diagram above, explain whether
momentum was conserved in this collision.

 (3 marks)
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QUESTION 1 
The bicycle shown in the photograph below has safety reflectors on its wheels. Each wheel is 
undergoing uniform circular motion. 
 

 
 
Explain why the reflectors are accelerating even though they are travelling at a constant 
speed. (2 marks) 
 
QUESTION 2 
In a flight archery competition the aim is to shoot the arrow as far as possible. During such a 
competition, an arrow is shot with an initial speed of 43.4 m s−1, at an angle of 38.0° above the 
horizontal. The arrow hits a tree at the same height from which it was shot. Ignore air 
resistance in all parts of this question.  
 
(a) Show that the magnitude of the:  
• initial horizontal component of the velocity is 34.2 m s−1  
• initial vertical component of the velocity is 26.7 m s−

1. (2 marks)  
 
(b) Determine the total time that the arrow is in the air. Use g = 9.80 m s−2 for the magnitude 
of the acceleration due to gravity. (3 marks)  
 
(c) Calculate the horizontal distance travelled by the arrow. (2 marks)  
 
(d) Identify the range of angles that would give a greater horizontal distance for the same 
initial speed. (2 marks) 
 
QUESTION 3 
The motion of a satellite such as the International Space Station (shown below) can be used 
to obtain a value for the mass of the Earth. 
 
(a) The International Space Station completes circular orbits of the Earth with a speed of 
7.6⋅103 m s−

1 at a radius of 6.8x106 m. Determine the mass of the Earth. (3 marks) 
 
(b) Explain why the centre of a satellite’s circular orbit must coincide with the centre of the 
Earth (3 marks) 



 

 

QUESTION 4 
The diagram below shows the paths of two projectiles that experience negligible air 
resistance. Path 1 shows the path of a projectile that was launched with an initial speed of 21 
m s−

1 at an angle of 55° above the horizontal. Path 2 shows the path of a projectile that was 
launched with an initial speed of 21 m s−

1 at an angle of θ above the horizontal. 
 

 
 
(a) On the diagram above, draw vectors to show the direction and magnitude of the 
acceleration of each projectile at points P1 and P2. (2 marks)  
 
(b) State the size of angle θ. (1 mark) 
 
QUESTION 5 
The multi-image diagram below shows a motorcycle that is launched from ramp 1, follows 
the path of a projectile, and lands on ramp 2. The landing height is the same as the launch 
height. Ignore air resistance in all parts of this question. 
 



 

 

 
 
(a) On the diagram above, draw vectors to represent the acceleration of the motorcycle at 
points A, B, and C. (2 marks)  
 
(b) The motorcycle is launched with an initial velocity of 20.5 m s–1 at an angle θ of 42.2° 
above the horizontal. The time of flight is 2.81 seconds.  
 
(i) Show that the magnitude of the initial horizontal component of the velocity is 15.2 m s–1 . 
(1 mark)  
 
(ii) Calculate the range of the motorcycle. (2 marks)  
 
(c) State whether or not the motorcycle will still land on ramp 2 if the launch height is 
decreased, but the initial velocity is the same as in part (b). Justify your answer. (3 marks) 
 
 
QUESTION 6 
A group of students investigated the effect of diameter on the range of three types of ball that 
they launched.  
 
(a) Identify one variable that should be deliberately held constant in this type of investigation. 
Justify your answer. (2 marks)  
 
(b) The table below shows some of the data obtained by the students 



 

 

 
Using the data in the table above:  
(i) identify which ball (A, B, or C) has the most precise set of measurements. Justify your 
answer. (2 marks)  
 
(ii) determine which ball (A, B, or C) has the largest diameter. Justify your answer. Assume 
that all variables, other than diameter, are held constant. (3 marks) 
 
 


