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Projectile motion is motion under a constant unbalanced force.  A projectile is a body that has been thrown 

or projected.  No consideration is given to the force projecting the body, nor to what happens when it lands.  

The body is studied while it is in the air, while it is a projectile.  Air resistance is considered to be negligible.  

The projectile will travel either 

 

  Vertically     Inclined 

    C          C  

 

 

 

  B    D           B              D 

 

 

  A   E              A          E 

 

  ground level     ground level 

 
For both the vertical and inclined projectiles: 

 the only force acting is the weight, ie. the bodies are in free fall 

 acceleration is always 9.8 ms
-2

 (10 ms
-2

) 

 instantaneous velocity is tangential to the path 

 acceleration is vertically downwards, because the weight force is vertically down 

 the total energy (KE & PE) is constant 

 between any two points KE   = - PE  

 paths are symmetrical for time eg.  t (A to B) =  t (D to E): 

  t (A to C) =  t (C to E) 

 paths are symmetrical for speed eg. speed at A = speed at E;  speed at B = speed at D. 

 for vertical motion vc = O,   for inclined motion vc  0. 

 Acceleration at C = g, (10 ms
-2

) 

 

Inclined or oblique projections 

 the only force acting is vertically down, so the acceleration and change in velocity are vertical. 

 horizontally there is no component of force, so constant horizontal velocity.   

 Maximum range is when angle of projection is 45
0
 

 

Horizontal projection 

When the body is launched horizontally and follows a parabolic path to the ground it is really the second half 

of an inclined projection.  The time of flight is controlled by the height from which it is released.  The speed 

of projection will not affect the time 't' that it takes to land.   

The 'range' of this projectile is given by the x = vhorizontal × t.   

If air resistance is considered then there is a force acting horizontally, opposing the motion, so the projectile 

will slow down horizontally.  This means that the range will be less. 
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For projectiles thrown horizontally and dropped from rest, the vertical motions are the same.  This can be 

shown by a multi-flash photograph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If we analyse the motion by using resolution of vectors we get the following: 

 

        x 

 

 

     vhorizontal 

            u 

      y 

           vhorizontal 

 

   v 

    mg 

 

           mg 

 

 
Horizontal: velocity always = vhorizontal   Vertical: Velocity changing    v  = u + gt 

  acceleration = 0     acceleration   = g 

  displacement = x = vhorizontal × t   displacement        y = ut + ½ gt
2
 

 

To find the 'total' velocity, add vvertical and vhorizontal using vectors. 

 

If one projectile was fired horizontally, at the same time that another was dropped (from the same height), 

then both objects would hit the ground at the same time.  This is because both their vertical motions were 

identical.  (Same distance to fall, initial speed = 0, and acceleration = -g) 
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Inclined Projectiles. 

 

  v0 

 

 

             0 

     ground 

The vector representing the initial velocity can be resolved into two components 

          v0 

         v0sin   

                

            v0cos   

 

Horizontal:   velocity always = vhorizontal      

                                     vhorizontal   = v0cos   

acceleration = 0      

    displacement = x = v0cos   × t    

Vertical (on the way up) velocity changing    v  = u - gt 

          v  = v0sin   - gt 

          acceleration  = -g 

Vertical (on the way down) velocity changing    v  = u + gt 

          v  = 0 + gt 

          acceleration  = g 

 

The displacement at any time of the motion is:   y = ut - ½ gt2  (The same on the way up and down). 

 

Graphs for projectile motion 

 motion in the 'x' direction   motion in the 'y' direction 

 

acceleration     acceleration 

 

 

 

 

 

velocity     velocity 

 

 

 

 

displacement     displacement 
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Symmetrical flights 

If there is no air resistance, and the projectile starts and ends at the same height, then the range is given by:

  R = 
g

2sinv2 
  R is the range, v is the initial speed and   the angle of projection.  

Be careful using this formula, because it only works under the conditions specified above. 

 

Total Energy (TE) 

If air resistance is negligible, then the total energy of a projectile will remain constant throughout the flight.  

TE = KE + PE 

At ground level PE = 0, so TE = KE. 

As the projectile rises it gains PE, so it must lose KE.  At the top of its flight, the PE is maximum and the KE 

is minimum. (the KE is not zero, because the projectile still has some KE due to its horizontal motion). 

At any point on the way up or the way down, the TE is constant. 

If you know the horizontal component of the velocity, then you can use this to find the maximum height, by 

using the TE at ground level and working out what he PE must be at the top when vvertical  = 0,  

but vhorizontal  = constant. 

 

Projectile problem methodology 

1. Draw a fully labelled diagram 

2. Treat the motion as two separate motions, for horizontal v0cos   = 
t

R
   

 for vertical, acceleration = -g, v = v0sin   

3. List the data under vertical and horizontal 

4. For vertical motion use, v
2
 =u

2
 + 2ax, and v = u + at.  (use a = -g) 

5. Usually given information about one direction and asked to find out something about the other 

6. To go from one direction to another, the common link is the time of flight, t. 

7. Remember that it will take the same time to go up as to come down. 

8. Label the direction (+ or -) for all variables except time. 

9. Sometimes the question is phrased 'with a strong tail wind.'  This means that the tail wind cancels out 

any effects of air resistance. 



 

Year 12 Physics 
Unit 3: Motion in one and two dimensions 

4. Projectile Motion 

Page 5 

 

 

PAST VCAA EXAM - Examples 

2002 
 

In the movie, Car Escape, Taylor and Jones drove their sportscar across a horizontal car park 

in building 1 and landed it in the car park of building 2, landing one floor lower. Building 2 is 

20 metres from building 1, as shown.  The floor where the car lands in building 2 is 4.0 m 

below the floor from which it started in building 1.  In Questions 5 and 6, treat the car as a 

point particle and assume air resistance is negligible. 

 
Question 5 

 

Calculate the minimum speed at which the car should leave building 1 in order to land in the 

car park of building 2. 
Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia. 

 
Solution  

 

The car must travel the 20 m horizontally while it ‘falls’ the 4 m vertically. 

Time to fall [use x = ut + ½at
2
]  => t = 0.903 s 

v = x/t  = 20/.903  =  22.1 ms
-1

 

 
Examiner’s comment 

This was an example of projectile motion.  Students needed to separate the motion into two 

parts.  The vertical motion represented vertical motion under gravity for an initial speed of 

zero.  Hence, the time of fall was calculated to be 0.9035 s.  The horizontal motion was then 

treated as motion at constant velocity for a time of 0.9035 s and a horizontal distance of 20 m.  

Hence, a minimum speed of 22 m s
-1

 was required for the car to land in building 2.  The most 

common incorrect responses were to choose an initial speed of 22 ms
-1

, rather than zero, for 

the motion in the vertical direction or to make a simple arithmetic error at some stage of the 

calculation.  
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In order to be sure of landing in the car park of building 2, Taylor and Jones in fact left 

building 1 at a speed of 25 m s
-1

. 

 

Question 6 

 

Calculate the magnitude of the velocity of the car just prior to landing in the car park of 

building 2. 
Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia. 

 
Solution  

 
Have to vectorially add [Pythagoras theorem] the horizontal and vertical velocities OR use 

energy. 

Here is Pythagoras.    25 ms
-1

 

 

 8.8 ms
-1

  [9.8 x .903] 

25
2 
 + 8.8

2
 = 625 + 77.4 = 703.4  =>  v = 26.5 ms

-1
  

 

Energy conservation gives KE + PE (initially) = KE  (at end) 

 ½  m x 25
2
 + m  9.8  4 = ½ . m  v

2
 

 v
2
 = 703.4  v = 26.5 ms

-1
 

 
Examiner’s comment 

This question could be solved by at least two different methods.  The first, and most common, 

method was to treat the motion in two parts and to calculate the vertical and horizontal 

components of the final velocity.  The vertical component was calculated to be 8.85 ms
-1

 and 

the horizontal was given in the stem as 25 ms
-1

.  The vector addition of these components 

resulted in a velocity of magnitude 26.5 ms
-1

.  An alternative method was to apply a 

conservation of energy approach, relating the gain in kinetic energy to the loss in potential 

energy via the equation  

Most students chose to answer using the vector method rather than the conservation of energy 

approach. A number of students did not recognise the vector nature of velocity and it was 

disappointing that many attempted to solve the problem by the use of the equation v
2
 = u

2
 + 

2as. 

This showed a serious misunderstanding of the application of this equation. 
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2001 
At a car show a driver plans to drive up a 20° ramp and jump her car across a row of parked 

cars, as shown in Figure 6. 

Figure 6 
She plans to be travelling at 30 ms

-1
 at the instant the car leaves the ramp.  The landing ramp 

on the opposite side of the gap is at the same height as the launching ramp. 

Question 15 

Calculate the maximum gap distance that the car can safely jump. (Model the car as a point.) 
Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia. 

 

 
 

 

 

 
 

 

 

Solution Q15 

Divide this problem into two parts, vertical and horizontal. 

Vertical 

The initial vertical velocity of the car is vsin = 30  sin200 = 10.26 m/s.   

The time for the car to reach its maximum height is given by vsin300 = gt.  

(From v = u – gt, where v = 0) 

  t = 10.96/9.8 = 1.047 secs. 

  Total time (Up and down) is 2.094. 

Horizontal 

The horizontal motion is given by x = vt where v = 30cos200 = 28.19 m/s. 

  x = 28.19  2.094 = 59.03 m = 59m 

Examiner’s comment 

Question 15 (2.16/4) 

The motion of the car was an example of projectile motion.  This required students to 

separate the launch velocity into horizontal and vertical components, treating the 

vertical motion as constant acceleration under gravity and the horizontal motion as 

uniform speed.  This resulted in a time for flight of 2.1s and a range of 59m. 

Question 15 was moderately well done, (but 35% scored zero) with the most common 

incorrect approach being to confuse the horizontal and vertical components of the initial 

velocity. The problem of using radian mode of the calculator was evident in this question.  

 

2000 

Su and Harry go for a day’s surfing with surfboards strapped to the roof of their car. 

They enter the clifftop carpark and brake suddenly as they park their car. A surfboard 

breaks free from the roof strap, and continues forward in a horizontal direction with 
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an initial speed of 10 m s
-1

, as shown in Figure 3.  When it breaks free the surfboard 

is initially 80 m above the surface of the sea. 

 
Figure 3 

 

2000 Question 4 

Use one or more of Newton’s laws to explain why the surfboard continues forward 

after the car brakes suddenly. 
Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia. 

 

Solution Q4 

Newton’s first law will explain the motion, and that is a body in motion will continue in 

motion unless a net force acts on it. The surfboards were travelling at 10ms-1 and were 

not strapped down therefore they continued in motion, as there was no net force in the 

horizontal plane acting on it. 

 

 

 

 

 

 

 

Examiner’s comment Q4 

In order to explain why the surfboard continues forward, students needed to address 

these points: 

• a statement of Newton’s First or Second Law was required; 

• the surfboard was initially moving at 10 m s -1 and needed to decelerate to rest, in 

order to remain with the car; 

• the deceleration of the surfboard requires a net force – this force would normally be 

provided by the roof straps, which clearly cannot happen if the straps are broken. 

The average mark was a disappointing 1.14/2, an indication that students do not have a 

complete grasp of the meaning of Newton’s Laws when applied to a particular physical 
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situation.  Students were usually able to state the first law, gaining 1 mark, but unable 

to apply it to the case of the surfboard and the roof strap.  

The average mark for Questions 5 and 6 was 2.97/5.  However, it was pleasing to note 

that nearly half of the students scored the full 5 marks for both questions. This 

indicated that students either fully understood or had very little idea about the 

horizontal component of projectile motion. It was disappointing to observe that 30% of 

students scored zero for both questions. 

 

The path of the surfboard as it continues over the cliff may be modelled as projectile 

motion without air resistance. 

2000 Question 5 

Calculate the time from the instant the surfboard breaks free until it hits the water. 

 

Solution Q5   

Since the time taken in this example is determined by the vertical plane, write down all 

the values you know for the vertical plane. 

x = 80m  u = 0 ms-1 v = ?  a = 9.8ms-2  t = ? 

Then you find one of the equations that uses the three know values and will give you the 

unknown value. In this case:  

2at
2

1
utx    

2t8.9
2

1
t080   

8.9

802
t


     s04.4t   

 

Examiner’s comment Q5 

The time for the surfboard to hit the water was calculated using the equations for 

uniformly accelerated motion, with an acceleration of 9.8 m s-2 and an initial velocity in 

the vertical direction of zero. This resulted in a time of 4.04 s.  

 

Question 6 

Calculate the horizontal distance travelled by the surfboard, from where it breaks 

free to where it first strikes the water. 

 

2000 Solution Q6 

Since you now have the time take to hit the ground, and you know that it was travelling 

at 10ms-1, you simply use: 

t

x
v




   Manipulate to get:  tvx   and sub the values in.  04.410x  = 40.4 m 

 

 

Examiner’s comments Q6 

To calculate the horizontal distance travelled students needed to be aware that the 

horizontal component of motion was a constant speed of 10 m s-1.  This resulted in an 

answer of 40.4 m.  This question was generally well answered. 
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1999 

A car takes off from a ramp and the path of its centre of mass through the air is 

shown in Figure 5. 

 
First, model the motion of the car assuming that air resistance is small enough to 

neglect. 

Question 8 

Which one of the directions (A–H) best shows the direction of the velocity of the car 

at point X? 

 

Solution Q8 

C 

 

Examiner’s comment Q8 

The two questions, 8 and 9, were well understood by candidates, as indicated by the 

average mark of 1.6/2 for this group of questions. 

The velocity at point X was in the direction of the tangent to the curve, that is, arrow 

C.  

 

1999 Question 9 

Which one of the directions (A–H) best shows the direction of the velocity of the car 

at point Y? 

 

Solution Q9 

D 

 

Examiner’s comment Q9 

The velocity at point Y was again in the direction of the tangent to the curve, that is, 

arrow D.  

 

1999 Question 10 

Which one of the directions (A–H) best shows the direction of the acceleration of 

the car at point X? 

 

Solution Q10 

E 

The only force acting is the weight force, so the acceleration is down. 
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Examiner’s comment Q10 

The set of questions 10 – 12 were reasonably well understood, as indicated by the 

combined average score of 2.5/4. 

The acceleration at point X was vertically downward, that is, in the direction of arrow 

E.  

 

1999 Question 11 

Which one of the directions (A–H) best shows the direction of the acceleration of 

the car at point Y? 
Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia. 

 

Solutions Q11 

E 

Same as previous question 

 

Examiner’s comment Q11 

As for question 10, the acceleration is again vertically downward in the direction of the 

arrow E.  

 

Now, suppose that air resistance cannot be neglected. 

1999 Question 12 

Which one of the directions (A–H) could be the direction of the acceleration of the 

car at point X? 
Reproduced by permission of the Victorian Curriculum and Assessment Authority, Victoria, Australia. 

 

Solutions Q12 

F 

Now there are two forces acting, the weight force down and the air resistance that is 

opposing the motion. 

 

Examiner’s comment Q12 

When air resistance is included the acceleration will be in the direction of arrow F. The 

most common incorrect answer here was in choosing arrow E, that is, totally ignoring 

the effect of air resistance. 

 


