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ENERGY 

 

Energy exists in many different forms.  Eg KE, PE, electrical, elastic.  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.  The amount of energy transformed is called work.  The body losing 

energy does work, the body gaining energy has work done on it. 

Work = Force  displacement, it is a scalar quantity, with the units of Joule. 

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

of 1 metre.  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 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. 

 

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.  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. 

 

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. 

 

Efficiency of energy conversions. In most real life situations, a stretched or compressed elastic 

material containing stored strain energy does not return 100% of this energy as kinetic energy.  

Some energy is always lost as heat energy.    % Efficiency =
energy Initial

energy Final
  

1

100
 

Conservation of Energy 
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Energy - PAST VCAA EXAM Examples 

 

2001 

 
Figure 4 shows a section of a roller coaster track, with a roller coaster car travelling at 

constant speed from the left. 

 
 

Use the following graphs (A–E) to answer Questions 7 to 9. 

 
Question 7 

Which of the graphs (A–E) best shows the gravitational potential energy of the roller 

coaster car against the horizontal distance from the start of the track? 

 
Solution  

The gravitational potential energy is a product of the height above ground level.  So the higher it is 

above ground level the greater the gravitational potential energy.   

 The graph should have the same shape as the roller coaster track.    A 

 

Examiner’s comment 

Ave: (1.55/2) 

Graph A best shows the gravitational potential energy against horizontal distance. 

This question was well answered. 
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Question 8 

Which of the graphs (A–E) best shows the kinetic energy of the roller coaster car against the 

horizontal distance from the start of the track? (Neglect frictional effects.) 

 
Solution  

The sum of the gravitational potential energy and the Kinetic Energy should be constant.   The shape 

of the KE graph should be constant to start with, then increase to a maximum and then become constant 

again.  The second constant should be greater than the first, because the final GPE is less than the initial 

GPE. B 

 

Examiner’s comment   

Ave: (1.41/2) 

Graph B best shows the kinetic energy against horizontal distance. 

The requirements of this question were well understood by most students. 

 
Question 9 

Which of the graphs (A–E) best shows the total energy of the roller coaster car 

against the horizontal distance from the start of the track?  (Neglect frictional effects.) 

 
Solution  

The sum of the gravitational potential energy and the Kinetic Energy should be constant.

  E 

 
Examiner’s comment   

Ave:(0.77/1) 

Graph E best shows the total energy against horizontal distance. 

This question was well understood. 

 

Question 10 

Which of the arrows (A–H) best indicates the 

direction of the net force on the roller coaster car 

at the lowest point, assuming that friction and air 

resistance cannot be neglected? 

 
 

 

 
Solution  

At the lowest point, the roller coaster is in the bottom part of a section of 

circular motion.  This means that the force causing this acceleration is 

directly up.  If we now take friction and air resistance into consideration, 

(these will both be opposing the motion) then the net force is given by the 

sum of the two vectors. E 

 

Examiner’s comment   

Ave: (0.69/2) 

Arrow E best indicates the direction of the net force on the roller coaster car. The motion of the car at 

this point can be considered to be made up of both a uniform circular motion component (force towards 

the centre of the circle) and a friction component (force in the opposite direction to the motion). 

This question proved to be a little more difficult. 

 

 

 

 

Central 

force 

Opposing forces 
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Jo is riding on a roller-coaster at a fun fair.  Part of the structure is shown below 

 
When Jo is at X her velocity is 10 ms

-1
 in a horizontal direction, and at Y it is 24ms

-1
 in a 

horizontal direction.  At Y the radius of curvature is 12 m. 

 

2000 

 
Question 14 

What is the height difference (h) between points X and Y?  Assume that friction and air 

resistance are negligible. 

 
Solution  

This question is based on the conservation of energy. 

mghmvE 2
2
1

top   

Subbing in the values we know  h8.9m10mE 2
2
1

top   

And we do the same for the energy at the bottom 2
2
1

bottom mvE   

Subbing in the values we know 2
2
1

bottom 24mE   

The energy is conserved; therefore the energy Jo has at the top will equal the energy Jo has at the 

bottom. So we can write; 

topbottom EE   h8.9m10m24m 2
2
12

2
1   

because m is present in all part of the equation we can take it out as a common factor. 

   h8.910m25m 2
2
12

2
1   the mass will now cancel on both sides. 

 

h8.91024 2
2
12

2
1   

8.9

1024
h

2
2
12

2
1 

   m3.24h   

 

Examiner’s comment  

With friction and air resistance forces being ignored, the gain in kinetic energy equals the loss in 

gravitational potential energy.  Thus, when the energy equation was set-up and values for the initial and 

final speeds substituted, the height was calculated to be 24.3 m.  The average score of 1.35/3 indicated 

that most students experienced some difficulty with this concept.  However, most students seemed to be 

aware that they needed to apply the concept of conservation of mechanical energy. About 15% of 

students did not attempt this question. 


