
 
 

 
1. Motion 

 
 
Introduction 
 
You will be familiar with many of the concepts of motion from your Physics Unit 2 studies. You 
must know the definitions of the key terms, such as distance, displacement, speed, velocity, 
acceleration, force, momentum and energy.  In Unit 3 you will be expected to use many of the 
same techniques to solve problems that you used in year 11.  This repeated content is illustrated in 
the diagram below 
 

 
 
When solving year 12 problems, you will have to choose which type of physics will be most useful 
in solving the problems.  Some problems you only be able solvable using one technique.  Others 
can be solved by more than one method, but may be very simple using a particular technique.  
Hence you must be able to solve problems using all of the techniques, and you must develop an 
instinct for choosing the most efficient physics to apply. 
 
In addition there are a few new topics, specifically motion in more than on dimension (projectile 
motion), motion in different inertial frames, circular motion and Newton’s law of Universal 
Gravitation.  These will be discussed later in greater detail. 

                                                 
1 Adapted from notes written at Balwyn High School. 
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2. Kinematics 

 
 
 
Definitions 
 
From your prior studies of motion you should be familiar with the following kinematic definitions: 
 
Distance Travelled  - How far an object has moved I total during it’s motion (m). 
Displacement          – How far an object is at from a reference position (m) 
Speed           – How fast an object is moving (m/s) 
Velocity                   – How fast an object and what direction an object is moving in (m/s) 
Acceleration              – The rate at which the velocity of an object is changing i.e. how many (m/s) 

the velocity of an object is changing by every second.  Acceleration also has 
a direction 

 
These Physical quantities can be divided into two categories, scalers and vectors. 

Vectors: Vectors are quantities that have a magnitude and a direction.  Examples include 
Displacement, Velocity, and Acceleration. 

Scalars: Scalars are quantities that only have a magnitude, such as speed and distance 
travelled. 

 
Average Quantities 
 
You will occasionally be asked to determine average quantities.  For example you may be asked to 
determine the velocity, on average, at which a car was moving between two times.  Average 
velocity and acceleration are determined using the following formulae. 
 

 
 

 
 
 
 
 
 
 

 
x2 is the final position, x1 is the initial position, ∆t is the time period, v is the final velocity and u is 
the initial velocity. 
 

Graphical Techniques 
 
In Kinematics you can be asked to interpret several graphs.  Graphs can be used to determine 
instantaneous quantities i.e. the value of a quantity at a specific time.  For example, a velocity time 
graph (v-t) can be used to determine how fast an object was moving at a specific time.  It could 
also be used to determine how far the object has moved up to that time (by finding the area under 
the curve) or it’s acceleration (by determining the gradient at a specific point).  The type of 
information that can be determined from different graphs is summarised in the following table. 
 
 

average velocity = total displacement
time taken

  vav   =  2 1x - x
Δt

 

 

average acceleration = change in velocity
time taken

  aav =  v - u
Δt

 

 



 
                    Graph type  
 
Found from 

x - t v - t a – t 

Direct reading 'x' at any 't' 
't' at any 'x' 

'v' at any 't' 
't' at any 'v' 

'a' at any 't' 
't' at any 'a' 

Gradient Instantaneous 
velocity at any 

point. 
Vav between any 

two points 

Instantaneous 'a' 
Average 'a' 

Meaningless 

Area under graph Meaningless ∆x ∆v 

 
When given a graph in the exam, look at three things on the graph before even reading the 
question: 
• type of graph (x - t,   v - t, etc). 
• the units on the axis. 
• the limit reading on each axis. 
 
The gradient at a articular time is determined by drawing a tangent line to the curve at that point, 
and then determining the gradient of the tangent line. 
 
Constant Acceleration 
 
Consider the following series of graphs.  These illustrate the relationships mentioned in the table 
above.  Notice that the velocity – time graph is the gradient of the displacement – time graph, and 
the acceleration – time  graph is the gradient of the velocity – time graph. 
 

Displacement   Velocity   Acceleration 
  
          
       v        g 
 
       u 
 
      time         time           time 
      t 
 

Constant Acceleration Formulae 
 
The constant acceleration only apply when the acceleration of the object 
does not change during its entire motion.   The most common example 
is motion under gravity.  The constant acceleration  formulae are in the 
box. 
 
x is the displacement   u is the initial velocity 
v is the final velocity   a is the acceleration 
t is the time period in question  
Note that t is a time interval, not a specific time. 
 
When using these formulae to solve problems it is best to write down 
everything that you know from the question, and then write down the thing 
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that you wish to find and then find a formula that relates what you have to what you seek.  If you 
cannot find such a formula directly, determine anything you can, and re-read the question to 
ensure that you have not missed any vital information.  Some other facts to consider are. 
 
• t = 0 is the beginning of the time interval being considered, i.e. the instant at which 'u' occurs. 
• a negative answer for 't' indicates a time previous to 't' = 0. 
• x is not necessarily the same measure as the total distance travelled 
• a body that is travelling in one direction and accelerating in the opposite direction is slowing 

down. 
• when given the distance travelled in a certain time interval, this distance is the instantaneous 

velocity halfway through the time interval.  Eg. if a body travels 14 m in the seventh second ('t' 
= 6 to 't' = 7 sec) then the actual velocity at 6.5 seconds is 14 m/s. 

• for motion along the horizontal it is usual to take 'to the right positive' for vector sense 
• for vertical motion (bodies projected vertically or dropped from rest) the direction of the initial 

displacement is usually taken as positive 
• for vertical motion, the acceleration (symbolised by 'g') is 10 m/s2 vertically downwards at all 

times, even if the body is momentarily at the top of its vertical flight. 
 



 
3. Forces 

 
 
The relationship between a force and the acceleration it causes was first understood by Isaac 
Newton(1672 – 1727). Newton summarised all motion by three laws: 
 
Newtons First Law 
 

  
An important consequence of this law was the 
realisation that an object can be in motion without a 
force being constantly applied to it.  When you throw a 
ball, you exert a force to accelerate the ball, but once 
it is moving, no force is necessary to keep it moving.  
Prior to this realisation it was believed that a constant 

force was necessary, and that this force was supplied by that the air pinching in behind the ball.  
This model, first conceived by Aristotle, proved tenacious, and students still fall into the trap of 
using it. 
 
Newton’s first law is commonly tested in Exam question.  This is achieved the inclusion of 
statements such as “An object is moving with a constant velocity” within questions.  Whenever 
you see the key words constant velocity in a question, you should highlight them.  The realisation 
that the object is travelling at a constant velocity, and hence that the net force on the object is zero, 
will be essential for solving the problem. 
 
Newton’s Second Law 
 

In words, Newton’s Second Law states that a force on 
an object causes the object to accelerate (change it’s 
velocity).  The amount of acceleration that occurs 
depends on the size of the force and the mass of the 
object.    Large forces cause large accelerations.  
Objects with large mass accelerate less when they 
experience the same force as a small mass.  The 
acceleration of the object is in the same direction as 
the net force on the object. 
 
 

Newtons 1st law of motion 
If an object has zero net force acting 
on it, it will remain at rest, or continue 
moving with an unchanged velocity. 

Newtons 2nd law of motion 
 
This law relates to the sum total of the 
forces on the body (ΣF ) the body's mass 
(m) and the acceleration produced (a) 
 

                         ΣF = ma. 

a = ΣF
m

 

Note  ΣF  must have the same direction 
as 'a'. 



 
Newton’s Third Law 
  

 
This law is the most commonly misunderstood, so 
it is often tested on exams.  You need to 
appreciate that these action/reaction forces act on 
DIFFERENT OBJECTS and so you do not add 
them to find a resultant force.  For example, 
consider a book resting on a table top as shown in 

the diagram below.  There are two forces acting on the book: Gravity is pulling the book downward 
and the tabletop is pushing the book upwards.  These forces are the same size, and are in 
opposite directions but THEY ARE NOT a Newton’s thirds law pair, because they both act on the 
same object. 

 
The best way of avoiding making a mistake using Newton’s third law is to use the following statement.   

 
FA on B = FB on A 

 
In the example of the book on the table the Force Table on Book is a 

Newton third law pair with the Force Book on Table.  Notice the first force is on the book and the second 
force is on the table.  They do not act on the same object.  Similarly the weight force, which is the 
gravitational attraction of the earth on the book, is a Newton third law pair with the gravitational 
force of the book on the earth.  The gravitational effect of the book on the earth is not apparent 
because the earth is so massive that no acceleration is noticeable. 
 
Limitation of Newton’s Laws 
 
Newtonian mechanics does not apply to all situations.  If the speeds of the interacting bodies are 
very large – an appreciable fraction of the speed of light – we must replace Newtonian mechanics 
with Einstein’s special theory of relativity, which holds at any speed.  If the interacting bodies are 
on the scale of atomic structure (eg electrons in an atom), we must replace Newtonian mechanics 
with quantum mechanics. 
 
Physicists now view Newtonian mechanics as a special case of these two more comprehensive 
theories.  
 

Types of forces 
 
Forces can be divided into two major categories, field forces and contact forces 

.   
 
 
 
 

 
 

Newtons 3rd law of motion 
For every action force acting on one object, 
there is an equal but opposite reaction force 
acting on the other object. 

Forces that act at a distance are called 
FIELD FORCES, (gravitational, 
electrical or magnetic) 

Forces created by travelling bodies are 
called CONTACT FORCES. 
 
 

N 

W 



Drawing Force Diagrams 
 
You will often be asked to draw diagrams illustrating forces.  There are several considerations 
when drawing force diagrams: 

• The arrows that represent the forces should point in the direction of applied force.  The 
length of the arrow represents the strength of the force, so some effort should be made to 
draw the arrows to scale. 

• An arrow representing a field force should begin at the centre of the object. 
• An arrow representing a contact force should begin at the point on contact where the force 

is applied. 
• All forces should be labelled. 

 
Some sample force diagrams of common situations are drawn below. 
 

Pendulum swinging 
 
 

 
                
 
 
 
 
 
 

          
 
      
Mass on a string        Mass in free flight 
 
  T 
 
     
   m   
 
 
 
        mg               mg 
 

 
 

m m 

The solution to this is given at any 
point by T - mg = ma 
 
The direction of T and mg (since 
they are vectors) need to be taken 
into consideration. 

 

T 

m
 

Velocity v = 0, so T=mg 
Velocity v = constant upwards, so T=mg  
Velocity v = constant downwards, so T=mg 
 
Accelerating Upwards, T - mg = ma. 
Acceleration Downwards, mg - T = ma. 

ΣF = mg = ma 



 

Mass pulled along a plane 
 

Smooth (No Friction)      Rough (Friction) 
 
   N    a    N 
 a 
     T   Fr        T 
 
   mg         mg 
 
 
  T = ma,  N + mg = 0    T - F = ma,  N + mg = 0 
 
 
 

Bodies with parallel forces acting 
 
 

 
                                    
 
      
                              
  
 
 
 
 

Bodies with non-parallel forces acting 
 
                                    
 
      
                 

  

 
 
     
 
 

The vectors need to be resolved in order to solve for the acceleration. 
 

Inclined planes 
 

 
 
          
               
      
           
  
 
Problem can be resolved as   
 
           mgcosθ   mgcosθ = N 
        mg 
        mgsinθ = ma 
 
    mgsinθ 
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F1 

F2 

F2 

F1 F1 

F2 

 

 

 

 

F1 + F2 = ma F1 + F2 = ma 
F1 + F2 = ma 

a a a 

a a a 

F1 F1 
F1 F2 

F2 F2 

F1 + F2 = ma F1 + F2 = ma F2 – F1 = ma 



 

 
 

4. Projectile Motion 
 

 
A projectile is a body that has been thrown or projected, and is travelling freely through the air.  
While undergoing projectile motion the object is under the constant unbalanced force of gravity.  
When we study projectile motion, no consideration is given to the force projecting the body or to 
what happens when it lands.  Air resistance is considered to be negligible.  The projectile will travel 
either: 
 
 Vertically     Inclined 

 
 
  
 
 
 
 
 
 
 
 
  
 

                 
depending on the initial angle of projection. 

 
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 downward 
• the 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 450 
 

Ground Level Ground Level 

A 

B 

A 

C C 

B D D 

E E 



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.   
 
For projectiles thrown horizontally and dropped from rest, the vertical motions are the same.  This 
can be shown by a multi-flash photograph. 
 

 
The interval between the lines represents how far 
the ball has travelled in a small time interval.  
Notice that the distance between the horizontal 
lines increases as the ball descends, indicating 
that the ball is speeding up.  The distance 
between successive vertical lines remains 
constant, indicating that the ball is travelling with 
a constant velocity in the horizontal direction. 
 
 
 
 
 
 
If we analyse the motion by using resolution of 
vectors we get the following: 

 
        x 
 
 
     vhorizontal 
            u 
      y 
           vhorizontal 
 
   v 
    mg 
 
           mg 
 
Horizontal:      Vertical:  

velocity always = vhorizontal    Velocity  v  = u + gt 
 acceleration = 0    acceleration  = g 
 displacement = x = vhorizontal × t  displacement y = ut + ½ gt2 
 
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) 



Inclined Projectiles. 
 

 
  
  
 ground 
 
The vector 
representing the 

initial velocity can be resolved into two components 
          v0 
         v0sin θ  
              θ  
            v0cos θ  
 
Horizontal:   velocity always = vhorizontal      
                                     vhorizontal   = v0cos θ  

acceleration = 0      
    displacement = x = v0cos θ  × t    
 
Vertical (on the way up) velocity changing    v  = u - gt 

   Vvertical = v0sin θ  - 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 

        (right is positive)    (up is positive) 
 
acceleration     acceleration 
 
 
 
 
 
velocity     velocity 
 
 
 
 
displacement     displacement 
 
 
 
 
 
Symmetrical flights 

vo 
θ 



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 θ   R is the range, v is the initial speed and θ  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 always remain 

constant throughout the flight.  TE = KE + PE  = mghmv +2
2
1

.   

• 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.  
• Using the TE at ground level and working out what the 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 θ  = 
t
R    

   for vertical, acceleration = -g, v = v0sin θ  
3. List the data under vertical and horizontal 
4. For vertical motion use, v2 =u2 + 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. 

 
 



Deductions from Newtons second law. 
Consider a body of mass 'm' changing its velocity from 'u' to 'v' in 
time 't' under the action of a constant force F. 
From Newton's second law of motion, 

 F = ma,   since    a = 
t
- uv  F=

t
m u-v m  

∴  F.t = mv - mu 
The product of a constant force and the time for which it acts is 
called the impulse (I) of the force. 
 
 I = F.t  The unit is the newton second.  (Ns) 
 
Impulse is the change in momentum i.e. I = p2 - p1. 
 
Thus the impulse can be measured by the change in momentum 
produced.  Impulse and momentum are vectors.  So whenever a 
force acts, the direction of all the following is the same: 
   F, a, ∆ v, F. ∆ t, ∆ p. 
 

 
Notes on problem 
solving 
1. As momentum is a 

vector, a sign 
convention in 
problems is 
essential. 

2. The negative sign 
for the change in 
momentum 
indicates a loss of 
momentum. 

Remember that F is 
the resultant forward 
force. 

Graphically - constant or non-constant forces. 
Since    F. ∆ t = m ∆ v   for a constant force, it follows that the impulse will always be given by 
the area under the force-time graph.  This area also measures the change in momentum. 
Area under "F - t" graph = Impulse = ∆ momentum. 

Notes 
1. Calculations by either formula or graph involve v and ∆ v.  In many cases the body starts 

from rest and then, and only then, does ∆ v equal the actual velocity, v. 
2. If asked for "p" look for impulse, if asked for impulse look for "p". 
3. If answering for impulse, the units are "Ns" if answering for "p", the units are "kg m/s". 
 
 

 
 

5. Momentum 
 
 
 
The momentum (p) of a body is the product of its mass and velocity. 
 

p = mv. 
 
 
The unit is kilogram metre per second (kgms-1) 
Momentum is a vector.  It has a magnitude and a direction. 
Momentum is always conserved.  It is neither created nor destroyed. 
 
Impulse 
 

 

 



 
Notes. 
1. Remember that a sign convention is essential. 
2. If the bodies collide and stay together, then the momentum after the collision pfinal = Σ pinitial          

mvfinal = Σ mvinitial  
3. Mathematically, problems on 'collision' or 'explosion' are similar, except that for an explosion, 

the momentum of the system before the blast is often zero. 
4. p(total before the collision) = p(total after the collision) 
5. Always draw a diagram 
6. Any unit may be used for mass or velocity, as long as such units are consistent within the 

equation. 

 
Conservation of momentum 
 
When A and B collide, the action of A on B is equal and opposite to that of B on A.  (Newtons 3rd) 

Hence the rate of change of momentum of A is equal and opposite to the 
rate of change of momentum of B. Since the time of contact is the same 
for both, then the change in momentum of A is equal and opposite to the 
change in momentum of B. 
 
That is, THE TOTAL MOMENTUM BEFORE IMPACT EQUALS THE 
TOTAL MOMENTUM AFTER IMPACT.   
 

This is known as the law of conservation of momentum. 
P(total) is constant before, during and after the collision.   
 

 
Newton's Laws of motion – The Momentum Versions 
 
Newton’s laws can be understood in terms of momentum 
 

Newtons Law Force Interpretation Momentum Interpretation 
Newton I An object will remain at rest 

or in a state of constant 
motion unless acted on by 
an external force. 

An object’s momentum will remain 
constant unless it interacts with 
another object. 

Newton II Force equals mass times 
acceleration 

Force equals the rate of change of 
momentum 

Newton III For every action there is an 
equal and opposite reaction 

If an object loses momentum, another 
object must gain that momentum (in 
the same amount of time). 

 
 

 

A B 
 



Momentum transfer involving the Earth 
1. Body rises under gravity - slows down and loses momentum to the earth. 
2. Body falling under gravity - speeds up giving the earth equal and opposite 

momentum change. 
3. Falling body hits the ground - its p is transferred to the earth. 
4. Body slowed due to friction - gives the earth and equal and opposite p. 
5. Body accelerated due to friction - gives the earth an equal and opposite p. 
 

 

Momentum and Kinetic Energy 
 
You will be familiar with the concept of Kinetic Energy, KE = 2

1 mv2. We can write a 
relationship between Kinetic Energy and Momentum. 
 

Since p = mv and KE  = 2
1 mv2 then   p = KE m2 ,   or   KE = 

m2
p2

.   

This equation is also very useful later on with problems with matter waves. 
 
 
  
 
 
 
 
 
 
 
 
 



The amount of energy transferred is called 
work.  The body losing energy does work, 
the body gaining energy has work done on 
it. 
 

Work = Force × displacement 
 
Work is a scalar quantity,  
The unit of Work is the Joule. 
Work can also be expressed in units of 
power × time, this is the origin of the unit 
kilowatt hours.  Often the energy being 
used is converted into heat energy. 
 

Power is the rate of doing work.  The 
average power, P, is the total work 
done divided by the total time interval.

 P = 
t

W
∆

 = 
t

Fd
∆

 = Fv if the 

change in velocity is not from zero, 
then Psupplied = F v∆  
Power is a scalar quantity with the 
units of Joule sec-1 or Watt. 
 
 

Kinetic Energy (KE) is the energy a body 
possesses due to its motion.  This will be 
equal to the work done by a force, F, on a 
mass, m, to give it from rest a velocity, v, over 
a displacement, x. 
 v2 = u2 + 2ax,  but u = 0. ∴ v2 = 2 

a x = 2
m
F x ∴ 2

1 mv2  =  F x 

F x  is the work done and 2
1 mv2 is the kinetic 

energy gained by the body.  So KE = 2
1 mv2. 

The work done on a body is equal to the 
change in KE of a body, so 
 WD = KE∆  = 2

1 mv2  - 2
1 mu2 

Potential Energy (PE), (U), is the 
energy possessed by a body due to: 
• Its state (elastic potential energy) 

e.g. a compressed spring, or 

• Its position (gravitational potential 
energy) e.g. a raised mass. 

 

Gravitational Potential Energy.  
When changes in height 'h' are small 
compared to the radius of the earth, the 
potential energy Ug of a body near the 
earth's surface is given by Ug = mgh. 
 

A joule is the amount of work done 
when a force of 1 Newton acts through 
a distance of 1 metre.   

 
 

6. Energy 
 
 
Energy exists in many different forms, for example Kinetic Energy, Gravitational Potential Energy, 
Electrical Energy, and Elastic Potential Energy.  A fundamental principle of nature is that energy 
cannot be created or destroyed, only transformed or transferred to another body.  A body that has 
energy may transfer some, or all, of its energy to another body.  The total amount of energy 
remains constant (conserved), even if it has been transformed to another type of energy.  For 
example, during a car crash, the car originally has kinetic energy.  After the collision it would still 
have less kinetic energy than it began with.  The lost Kinetic energy will have been transferred to 
sound energy, or heat energy. 
 
Energy, Work and Power 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Types of Energy 
 

 



Elastic collisions 
If the collision is elastic, then both 
momentum and energy is 
conserved in the collision. 
∴ Efinal = Einitial and pfinal = pinitial 
 

Inelastic collisions 
If the collision is inelastic, momentum 
is conserved, but energy is not, as 
some energy is lost to the 
environment.  The energy that is lost 
to the environment is usually 
transformed into heat energy, sound 
energy and energy of deformation.  
∴ pfinal = pinitial  but  Einitial > Efinal 
 
 

Efficiency of Energy Conversions.  
 
In most real life situations when energy is transferred from one object to another, not all of the 
energy is transferred in a useful form.  Some of the energy is turned into types of energy that are 
not desired, such as heat, sound or light.  The efficiency of the energy transfer is a measurement 
of how much of the energy is transferred to the desired form of energy.      

% Efficiency =
energy Initial
energy Final  × 

1
100  

 
 
Collisions 
 

 
 
 
 
 
Energy and Graphs 
 
The area under a force-displacement graph shows the work done.  If the force is constant then the 
area under the graph is given by W = F × d where F is the force, d is the distance over which the 
force acts.  This is just the familiar work formula.   If the force is not constant then the area under 
the graph must be determined.  
 
This assumes that the force and the displacement are in the same direction.  If they aren't then the work is the product of the resolved part of the force 
(in the direction of motion) × the displacement. 

 



Elastic potential energy (strain 
energy) is the energy stored in 
any material that has been 
stretched or compressed from its 
normal shape.   
 

     
  

 

The energy stored in the spring 

=  2
1 base × height 

=  2
1 . x. kx   

= 
21

2 kx  

The energy stored in the spring is also the work done, 
which is the area under the graph. 
 

Hooke’s Law 
 
Extending a spring is and example of a situation where the force on an object is not constant.  As 
the spring gets compressed, the force required to further extend it increases.    The mathematical 
equation that represents this type of situation is called Hooke’s Law 

F = kx 
Where F is the magnitude of the force required, x is the extension (or compression) of the spring, a 
k is called the spring constant.  The spring constant has a specific value for each individual spring.  
It depends on the size, thickness and material from which the spring is made. 
The equation is illustrated in the graph below 

 

 
 
 
 

 
 
The energy stored in the 
Extended spring can be 
determined by calculating the 
area under the force-distance 
graph.  This can be done 
directly from the graph, or using 
the formulae derived  in the box 
to the right.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F 

x 

F=kx 
Force on the 
spring (N) 

Extension of 
the spring (m) 



 

7. Circular motion 

 

Consider a mass is moving in a horizontal circle with constant speed.  Remember that velocity is a 
vector, and has a magnitude and a direction.  When an object is traveling in circular motion its 
speed remains the same, but its velocity is constantly changing because the direction of motion of 
the object is changing.  Since the velocity is changing the object is accelerating, so there must be a 
force acting. 

 

The Direction of the Force 
 
It is not possible to tie a piece of string to an object and 
push it along.  The only way to move an object using a 
piece of string is to pull it along.  The force is directed 
along the string.  Thus the string indicates the direction 
of the force on the object.    

 

Imagine that you have a set of keys tied to a string and you are swinging them around your head.  
The string indicates the direction of the force, which is at all times towards the centre of the circle.   

 
When a body travels in a circle, the force (and 
acceleration) is towards the centre while the velocity is 
tangential.  The force is always at right angles to the 
velocity.  The force is sometimes provided by a string or 
rope, but it could be supplied by friction (cars going around 
corners, or people running on circular paths) or gravity (the 
moon and other satellites around the earth). 
 
 
 
 

 

If the cord breaks the force is removed and 
the circular motion ceases.  The object will fly 
off in the direction it was travelling at the time 
of the break.  If the object were originally 
being swung in a vertical circle rather than a 
horizontal one, the object would move off into 
projectile motion.  You would have to analyse 
the vertical and horizontal components of the 
motion separately from the point where the 
cord broke. 
 



The Size of the Force 
 
Now that we understand the direction of the force necessary to keep an object in circular motion, 
we can consider the size of the force.  Imagine that you are twirling an object attached to a piece 
of string over your head.  The string provides the force that keeps the object in a circular orbit.  
What are the factors that determine the size of this force, i.e. the tension in the string? 
 
If you swing the object around at a faster rate that the tension force will increase.  It is also easy to 
imagine that if you had a heavier object on the end of the string, it would require a larger tension 
force that a lighter object in the same orbit.  The length of the string also affects the size of the 
force. 
 
The formula for the magnitude of a net force necessary to keep an object in circular motion is: 
 
 
 
 
 
Where F is the magnitude of the force, m is the mass of the object in uniform circular motion, v is 
the magnitude of the velocity of the object and r is the radius of the orbit. 
 

Forces of Incorrect Magnitude 
 
It is illuminating to consider what you happen if the force on the object was not of the correct 
magnitude to keep the object in a circular orbit, or if the magnitude of the force was changed.  
Think about the following statements, and see if you can understand them. 

1. If the central force is continually increased, the body will spiral in.  This gives a 
displacement in the direction of the force, work is done and the body speeds up. 

2. If the central force is increased and then held constant, a smaller faster circular path 
results 

3. If the force is held constant and the speed increased, the body spirals outwards. 
4. reducing speed under constant force gives an inward spiral. 

 
 

Other Formulae 
 
Several other formulae for circular motion can also be derived.  The period (T) of an orbit is the 
time it takes for an object to complete one full circuit.  A formula for the period of the object can be 
determined. We can use the simple formulae 
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and the fact that the speed of the object is v and the distance the object travels during one orbit is 
the circumference of the circle, 2r to de rive  the  formula   
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This result can be used to write an equation for the force in terms of the period. 
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Equations for the magnitude of the acceleration can be obtained by dividing the force equations by 
the mass m. 
 
Circular Motion and Energy 
 
When an object is moving in a circle, no work is being done.  Recall that: 
 

work done = force x distance moved in the direction of the force 
 
  In circular motion the force is always at right angles to the motion, so no work is being done.  
This means no energy is required to keep the object moving in a circle. 
 
Non-Uniform Circular Motion 
 
If an object is travelling in a circular orbit and always staying at the same speed, then it is said to 
be travelling in uniform circular motion.  In many cases, objects will be moving in a circle, but the 
speed of the object will be changing.  This frequently occurs when orbit is vertical, such as when 
people are on roller coasters and swings. 
 
When studying these systems, we consider them to be instantaneously travelling in circular orbits.  
We usually only consider motion at the top or bottom of the circular path.  The direction of the 
force remains radially inward. 
 

Person on a swing 
 
 
 
 

A person on swing is 
experiencing two forces - the 
weight force (W) and the 
normal reaction force from the 
seat (R).  At the bottom of their 
swing, the net force on the 
person must towards the centre 
of the circle, and of the 
appropriate size to satisfy the 
circular motion condition. 
 

 

mg 

R 

ΣF 
 v 

 

Mathematically, this can be written as R - mg  =  ΣF  =  
2mv

r
 .  In this case R > mg, so the 

person ‘feels’ heavier. 
 



 
Person in a car going over a hump. 
 
Instantaneously, at the peak of the hill the car is moving on a circular path.  The person driving the 
car is moving along with the car, and hence is also travelling in a circular path.  We will study the 
motion of the person.  At this time, the net force on the person (F) mus t be  towa rds  the  ce ntre  of 
the circle.  There are two forces acting on the person, their weight force and the reaction force of 
the seat on them.   
 
 
 
           v 
 
 
 
 
 
  
 
 

Mathematically: 

mg – R =  ΣF   = 
2mv

r
  ∴R = mg -

2mv
r

  

 

The reaction force R is less than the weight force mg by an amount 
r

mv 2

.   

 
How heavy you feel is a measurement of the size of the reaction force pushing on you.  When you 
are sitting on a chair, the chair is pushing on you with a force equal to your weight force.  This is 
what you feel as your normal weight.  When you drive over a bump in a car, the seat pushes on 
you with a reaction force that is smaller than your weight, so you fell lighter. 

mg 

R 

ΣF 
 



 
8. Gravity 

 
 
Mass & Weight 
 
Mass and weight are different quantities.  Mass is defined as the amount of matter in a body, it is 
measured in kilograms.  Weight is not the same as mass.  Weight is the force of gravity on an 
object.  The acceleration due to gravity is 'g', so the weight of a mass 'm' is given by F = mg 
(newtons).  The amount of matter in an object does not change, hence the mass of an object is 
always the same.  However, 'g' varies from place to place on the earth's surface depending on the 
distance from the centre of the earth, so weight does change. 
 
Weight and Apparent Weight 
 
Apparent Weight 
When you are accelerating vertically, the normal reaction force on you will not equal 'mg', this will 
alter your perception of your weight, you will feel either lighter or heavier.  If you are travelling at a 
constant velocity you will feel your usual weight.  The apparent weight of a person is equal in 
magnitude to the normal force 'N' that the supporting surface exerts. 
 
Imagine you are in an elevator.  You have just pressed the down button and the elevator starts to 
accelerate down.  In order for you to accelerate down with the elevator you will need a net force 
down.  Therefore your weight force must be larger then your Normal reaction.  Since you can’t 
change your weight, your Normal reaction decreases and you accelerate down.  In this case your 
Normal reaction force is less than mg, so the person feels lighter.  If the elevator were accelerating 
up you would feel heaver.  This is because your normal reaction is now larger to allow you to 
accelerate up. 
 

 
 
Apparent Weightlessness 
Now imagine the cable on the elevator snaps!  The elevator will now accelerate down at a rate of 
9.8m/s2, In order to stay in the elevator you must also accelerate down at a rate of 9.8m/s2.  In this 
case your weight force will be the only force acting on your body.  This means that the floor is no 
longer holding you up.  Your normal reaction has gone to zero.  Because it is your normal reaction 
that you feel as your apparent weight, and it is now zero, you feel ‘weightless’.  Of course you are 
not weightless.  You would still have weight; it is actually your weight that is accelerating you 
towards the ground.  The only way of being truly weightless is to be an infinite distance away from 
everything.  
Any person or object will experience apparent weightlessness when they have an acceleration 
equal to that of gravity; ie. when they are in free fall.  The person or object will experience zero 
normal force at this time. 
This explains why orbiting astronauts are apparently weightless.  Both they and their spacecraft, 
due to their circular orbit, have a centripetal acceleration towards the centre of the Earth.  This 



The force acts equally on both masses  F = mg = 2
GMm

r
 

 
where  F = gravitational force on each mass (N)  
G = universal gravitational constant 
M, m = masses (kg)  
R = distance between the centres on the masses (M, m) 
The Universal Gravitational constant G = 6.67 × 10-11 N m2 kg-2 
 

 
The gravitational field   g = 2r

GM  

 

acceleration is equal to the gravitational field strength at that altitude.  The astronauts are in free 
fall as they orbit, and the normal reaction force acting on them is zero.  
 
Newton's law of universal gravitation 
 
Gravity is a force that exists throughout the Universe.  It makes things fall down when you drop 
them, it keeps satellites in the orbits, it leads to tides on Earth, it causes stars and black holes to 
form and it will ultimately determine the fate of the Universe. 
 
Newton determined that gravity is a force of attraction that exists between any two bodies.  In fact 
any two objects that have mass will exert a gravitational force of attraction. Gravitational forces are 
very weak and only become noticeable when at least one of the objects is extremely massive.  The 
gravitational force can be calculated using the formula below. 
 
 
 
 
 
 
 
 
 
 
 
Gravitational fields 
 
For a body on, or above, the surface of the Earth, the mass of the Earth may be considered to be 
concentrated at its centre. The formula for the gravitational field is found by dividing the 
gravitational force by the mass of the smaller object. 
    
 
 
 
 
 
Any object that is falling freely through a gravitational field will fall with an acceleration equal to the 
gravitational field strength at the point.  At the surface of the Earth, the gravitational field strength, 
g, is 9.8 N kg-1, it becomes weaker further from the Earth.  400 km above the Earth g is 8.7 N kg-1, 
the Russian space station Mir orbits at this altitude.  Australia's AUSSAT orbits at 42,000 km, 
where g is 0.22 N kg-1.   
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Satellites in orbit 
 
A satellite is any object that is in a stable orbit around another object.  The Earth and all the other 
planets are natural satellites of the Sun.  The moon is the Earth's only natural satellite but there are 
thousands of artificial satellites orbiting.  These are used for communication, weather forecasting, 
geological surveying and espionage. 
 
For a satellite in a stable circular orbit, the only force acting on a satellite is the gravitational 
attraction between it and the central body.  This force acting on it is always perpendicular to its 
motion.  Therefore the energy of the satellite is unchanged as it orbits.  The kinetic energy and 
gravitational potential energy both stay the same. 
 
The force of gravity holds the satellites in their orbits and causes them to have an acceleration 
towards the central mass.  If the force of gravity could be 'turned off' then the satellites would fly off 
at a tangent.  The satellites are continually falling towards the earth at the same rate that the 
curved surface of the earth is falling away from the satellites. 

 
Notice that the acceleration of 
the satellite is independent of 
the mass of the satellite.  If a 
satellite is in a geo-stationary 
orbit, the satellite orbits the 
Earth every 24 hours.  This is 
a 'synchronous' orbit and 
keeps the satellite above the 
same place all the time. 
 
 
 

Gravitational Potential Energy 
 
As a body gets further from the earth, 'g' decreases and the expression Ug = mgh is no longer 

adequate.  The force at different distances from the earth is given by the formula  F = 2r
GMm  .  The 

force displacement graph is shown in the diagram below 
 
If the graph, the radius of the earth is indicated by 
the symbol re.  The work done in raising a mass 
'm' from the surface to some distance above the 
surface is given by the shaded area.  As the 
object gets further above the earth, it has 
GAINED gravitational potential energy, so it must 
loose Kinetic energy.  An example is the space 
shuttle.  The rockets provide thrust, and this 
kinetic energy is converted to gravitational 
potential energy. 
 
 If starts some distance from the earth and falls towards the earth, then it has LOST gravitational 
potential energy, and hence it will have gained kinetic energy.  An example is a meteor that is 
plummeting towards earth, gaining speed as it approaches.  
 
 
 

Since satellites are in a continual state of free-fall, their 
acceleration will equal the gravitational field strength at that 
point. 

∴ a = 
R
v2

 Using v = 
T

R2π   ∴ a = 2

2

T
R4π   

Using F = 2R
GMm  and F = mg    ∴ 2R

GM  =  g 

where    v = speed (m/s)     R = radius of orbit (m)     
T = period of orbit (s)     M = central mass (kg)     
g = gravitational field strength (N/kg).   
 

F 

r re 


	Introduction
	2. Kinematics
	Definitions
	Average Quantities
	Graphical Techniques

	Constant Acceleration
	Constant Acceleration Formulae

	Newtons First Law
	Newton’s Second Law
	Newton’s Third Law

	FA on B = FB on A
	Types of forces
	Drawing Force Diagrams
	Pendulum swinging
	T
	mg
	Mass pulled along a plane
	Bodies with parallel forces acting
	Bodies with non-parallel forces acting
	Inclined planes
	Inclined or oblique projections
	Graphs for projectile motion

	F1 + F2 = ma
	F2 – F1 = ma
	F1 + F2 = ma
	F1 + F2 = ma
	F1 + F2 = ma
	F1 + F2 = ma
	N
	m
	a
	mg
	Projectile problem methodology
	5. Momentum
	Impulse
	Momentum and Kinetic Energy


	6. Energy
	Energy, Work and Power
	Types of Energy
	Efficiency of Energy Conversions.
	In most real life situations when energy is transferred from one object to another, not all of the energy is transferred in a useful form.  Some of the energy is turned into types of energy that are not desired, such as heat, sound or light.  The effi...
	Collisions
	Energy and Graphs
	Hooke’s Law
	F = kx
	The Direction of the Force

	Forces of Incorrect Magnitude
	Other Formulae


	This result can be used to write an equation for the force in terms of the period.
	Circular Motion and Energy
	Non-Uniform Circular Motion


	If an object is travelling in a circular orbit and always staying at the same speed, then it is said to be travelling in uniform circular motion.  In many cases, objects will be moving in a circle, but the speed of the object will be changing.  This f...
	When studying these systems, we consider them to be instantaneously travelling in circular orbits.  We usually only consider motion at the top or bottom of the circular path.  The direction of the force remains radially inward.
	Person on a swing

	Mass & Weight
	Weight and Apparent Weight
	Gravitational fields
	Satellites in orbit
	Gravitational Potential Energy



