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 Grade Boundary: Low Excellence 

1. 
For Excellence, the student needs to demonstrate comprehensive understanding of the 

physics of an application.   

This involves linking ideas to integrate the relevant physics of the chosen application 

with its use, and may involve explaining, elaborating, justifying, relating, evaluating, 

comparing and contrasting, or analysing. 

The student has demonstrated comprehensive understanding by explaining the 

workings of a generator, and linking the kinetic energy input to the generator to the 

electrical energy output from the generator (1) (2).  

The student has attempted to explain the basic working of the wind turbine (3) (4), and 

has attempted to explain why the turbine is not totally efficient (5) (6). 

To reach Excellence more securely, the student could have:  

 given a much clearer link between the spinning of the blades, the spinning of 
the generator and the spinning of the coil of wire in the magnetic field of the 
magnets 

 made it clear that energy lost by friction is heat energy  
 given a clearer explanation of the role of friction in the resistance of a wire, by 

recognising that the resistance of copper wire is caused by friction, not the other 
way around. 

 



Student 1: Low Excellence 
 
What is a wind turbine? In a wind turbine there are four main parts, a base, a tower, the 
nacelle and two blades. The base is generally a shallow flat concrete or steel disk to support 
the complete structure. The tower is the part of the structure where all the electrical cables 
are stored. It helps to support the nacelle and provides access to the nacelle for 
maintenance. The nacelle houses the gear box and the generator. The blades of the turbine 
are like airplane blades. The wind creates a pocket of pressure as it passes behind the 
blade. The blades are connected to the generator by gears. A wind turbine converts kinetic 
energy from the wind into mechanical energy. The mechanical energy causes the generators 
in the turbine to start rotating. As the generator spins the magnets rotate around a copper 
wire that produces the electrical energy (1). A wind turbine works in the opposite way to a 
fan. A fan uses electricity to make wind, whereas a turbine uses wind to make electricity. 
The kinetic energy of the wind blowing over the blades makes the blades lift and rotate. As 
the blades rotate it causes the turbine to start spinning. This process converts the kinetic 
wind energy into mechanical energy (3). The mechanical energy caused by the kinetic wind 
energy causes the gears in the generator to start spinning which turns the mechanical 
energy into electrical energy. When the kinetic wind energy makes the blades rotate it is too 
slow to be converted into electrical energy so the gear box is on a high gear as it converts 
the slow kinetic wind energy into quicker mechanical energy that turns the magnets in the 
generator (4) faster against the wire coils to spin more quickly which produces more 
electrical energy.  
 
How does a generator work?  An electrical generator is a machine that changes kinetic 
energy into electrical energy. When a wire is spun or moved along a magnetic field a force is 
applied on the electrons in the wire which creates a current in the wire. The kinetic energy 
from the moving wire is transformed into electrical energy as the current flows through the 
wire (2). The amount of electrical energy that is produced can be increased by having a 
stronger magnetic field, spinning the coil faster or having more coils of wire. 
 
How efficient are wind turbines? If the turbine was able to convert all of the wind’s energy 
to mechanical energy it would be 100% efficient. Because wind turbines are not 100% 
efficient they do not use all of the kinetic wind energy they have collected. Mechanical loss 
happens in the bearings of the wind turbine unless the wind turbine is using a gear box to 
operate. The energy is lost in the bearings because of the friction caused by parts rubbing 
together (5). Some energy can be prevented from mechanical loss by using high quality 
industrial bearings. Copper loss takes place in the coils of the generator. The electrical 
currents produce a kind of friction. This friction is caused by the resistance of the copper wire 
carrying the current. This causes energy to be lost by the heating up of the wire.  The friction 
can be reduced by using thicker wire (6) but this makes the generator heavier and more 
expensive to run. 
 

Student 1: Low Excellence 
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 Grade Boundary: High Merit 

2. 
For Merit, the student needs to demonstrate in-depth understanding of the physics of 

an application.  

This involves explaining how or why the physics applies to the use of the chosen 

application. 

In-depth understanding is demonstrated in this account of the forces that act on a 

skydiver. The student has explained how terminal velocity is reached before the 

parachute is opened (1); why the force of air resistance depends on the surface area of 

the parachute (4); why the speed decreases after the parachute has been opened (2); 

and why terminal velocity is reached after the parachute is opened (3). 

To reach Excellence, the student would need to demonstrate comprehensive 

understanding of the physics of the chosen application. This involves linking ideas to 

integrate the relevant physics of the application with its use. Refer to Explanatory Note 

4. 

The student could have done this by: 

 linking the size of the air resistance force to the speed at which the skydiver is 
falling 

 linking the greater cross-sectional area of the parachute to a greater drag for 
the same speed, and comparing this to the force due to gravity remaining the 
same 

 explaining that the unbalanced force upwards causes speed to decrease, which 
causes drag to decrease; that speed continues to change until the drag force 
upwards becomes equal in size to the downwards force due to gravity, 
providing some values of the parachute sizes and speeds involved 

 analysing graphs of speed and force versus time for a skydiver. 



Student 2: High Merit 
 
When a sky diver jumps out from a plane they will start to decelerate down at high velocity. 
This is because when a person first steps out from the plane, gravity is the only force in 
action. 

However, when a person is floating down towards the ground, air resistance kicks in. As 
soon as air resistance starts acting on the person, it opposes the acceleration caused by 
gravity force. When the air resistance force and the gravity force become the same they 
cancel each other out which means they become balanced forces. What this means is that 
when the forces become balanced the object does not accelerate any more. It will either stay 
stationary or will continue to move at constant speed. In this case the person will fall 
downwards at constant velocity (1). And this velocity which is at constant speed and also the 
top speed of a falling object is what terminal velocity is. 

After the person reaches the terminal speed he opens the parachute which causes the force 
of air resistance to increase because of the increased surface area that air resistance can 
act on. This cause air resistance to supersede the force of gravity. When this happens 
acceleration stops and he starts to decelerate downward. His speed will get slower because 
the two forces acting on him are unbalanced. The air resistance force is larger than the 
gravity force so the net force is heading upwards which means it opposes the speed in which 
he floats down to the ground (2). 

After a while the force of air resistance becomes the same as the force of gravity. This is 
because as the speed decreases, the parachute only needs a little bit of force to oppose the 
movement of the diver therefore the force of air resistance gets smaller and balances with 
gravity force (3). This means terminal velocity is occurring and he will float down towards the 
ground at constant speed. 

In addition the skydiver can control the force of air resistance by using different parachutes 
because the force of air resistance is relative to the surface area of objects because where 
there is more surface area touching another surface there is more friction (4). 

For the same reason air resistance can increase or decrease with the diver’s movements. 
When he stretches his body, the surface area his body increases, which increases the air 
resistance force. However when he crouches there is less area where air resistance can 
take place therefore the speed increases. 

 

Student 2: High Merit 
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 Grade Boundary: Low Merit 

3. 
For Merit, the student needs to demonstrate in-depth understanding of the physics of 

an application.  

This involves explaining how or why the physics applies to the use of the chosen 

application. 

The student has demonstrated in-depth understanding by explaining conservation of 

angular momentum in terms of a spinning skater (1), and they have attempted to 

explain how the force of the skate pushing against the ice creates the motion of the 

skater (2). 

For a more secure Merit, the student could have: 

 given a clearer explanation of the role friction plays in how the skater starts 
moving and continues to move 

 explained how a force applied at an angle can create forward motion. 

 



Student 3: Low Merit 
 
The main forces involved in ice skating are friction and momentum. When used effectively 
these forces allow the ice skater to reach high speeds on the ice, and allow figure skaters to 
do complicated moves and jumps. 

Friction, the lack of friction and Newton’s Third Law allows the skater to push themselves 
forward, and to glide along the ice. Smooth ice has very little resistance, allowing the skater 
to move across the surface smoothly without friction stopping the motion as soon as it has 
begun. Because of the low level of friction, the skater must push against the ice with a force 
at a right angle to the skate blade to create friction. When they push off against the ice with 
their skates, they are applying force downwards and force backwards against the ice. 
Because the reaction is both equal and opposite, a force is supplied forwards and 
upwards (2). This propels the skaters into a glide or jump, depending on the force they 
applied, and how they applied it. Since the forward motion is only resisted by the slight 
friction of the ice, the skater can glide easily. 

In figure skating a spinning ice skater is a good example of angular momentum. Angular 
momentum applies to an object rotating about a fixed point. The amount of angular 
momentum for a spinning skater depends on three factors, the speed of rotation, their weight 
and the distribution of their mass around the centre 

A fundamental law of physics states that momentum is always conserved, which means 
unless an outside force affects an object the total momentum stays constant. Meaning when 
one aspect is changed, the other aspects change to compensate, and the total momentum 
stays constant. 

If two identical skaters were spinning and one had their arms outstretched, she would be 
going slower than the other, because there would be compensation, so greater distribution of 
mass means less speed and vice versa. However, if they were spinning at the same speed, 
then the skater with her arms out would have the greater total momentum (1). 

 

Student 3: Low Merit 
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 Grade Boundary: High Achieved 

4. 
For Achieved, the student needs to demonstrate understanding of the physics of an 

application.  

This involves providing characteristics of, or an account of, the physics related to the 

use of the chosen application. 

The student has demonstrated understanding with a good descriptive account of the 

forces acting on a skydiver when they are descending to the ground (1) (2).  

The student has attempted to provide characteristics with their explanation of why a 

terminal velocity is reached, firstly after they have jumped (3) and secondly after the 

parachute has been opened (4). The student has also attempted to explain why air 

resistance depends on the surface area of the object that is falling (5). 

To reach Merit, the student would need to demonstrate in-depth understanding of the 

chosen application. This involves explaining how or why the physics applies to the use 

of the application. 

The student could have: 

 explained why a terminal velocity is reached based on the need for balanced 
(not zero) forces, and how air resistance changing with respect to gravity can 
achieve this 

 explained more clearly why surface area affects air resistance. 

 



Student 4: High Achieved (1) 

Air resistance is a type of friction force. Friction normally occurs when two surfaces are in 
contact with, and are moving against, one another. However, with air resistance, there are 
not two solid surfaces in contact. Air resistance is the frictional force acting on an object (the 
skydiver) and the air around them. Frictional forces always oppose motion (1). This means 
that friction always pushes in the opposite direction than the skydiver is travelling, therefore 
slowing the skydiver down. 

The other force acting on the skydiver is gravity. Gravity is the pull that attracts objects to 
something of a large mass like the earth. Weight force is the force objects exert on the 
ground due to gravity. The skydiver has a weight force that pulls them towards the 
ground (2). Some people think that the larger the weight force the faster the object will fall 
due to gravity. This is not true. All objects fall at the same speed without air resistance. The 
only thing that changes the speed of objects is air resistance, because air resistance slows 
things down. 

When the skydiver jumps off the plane, their speed would accelerate because the pull of 
gravity on the person, or their weight force, is greater than the air resistance slowing them 
down. A person’s weight force will always stay the same. Eventually the weight force of the 
person will equal their air resistance. This would make the skydiver travel at constant speed. 
To travel at constant speed forces have to be equal to zero. This constant speed is called 
terminal velocity (3). 

Terminal velocity is achieved twice during the skydiver’s journey to the ground. The first is 
when he jumps off the plane and accelerates until he reaches terminal velocity and cannot 
go any faster. The second time is after the skydiver releases his parachute. The parachute 
makes the skydiver go slower, but once the air resistance equals the weight force of the 
skydiver once again, he travels at constant speed. This speed will be slower than the first 
terminal velocity speed because the air resistance is greater (4). 

To get a lot of air resistance to make a change in the speed of the skydiver, you need to 
have a large surface area. Air resistance depends on the shape of an object. The greater 
surface area of an object, the greater the air resistance. This is because there is more room 
for the air resistance to act on – there is more air surrounding something of a larger surface 
area, making it easier to slow the skydiver (5). 

Student 4: High Achieved 
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 Grade Boundary: Low Achieved 

5. 
For Achieved, the student needs to demonstrate understanding of the physics of an 
application. 
 
This involves providing characteristics of, or an account of, the physics related to the 
use of the chosen application. 

The student has demonstrated understanding with a good descriptive account of the 
forces acting on a skydiver when they are descending to the ground (1). 
 
The student has attempted to provide characteristics with their explanation of why a 
terminal velocity is reached, firstly after they have jumped (3) and secondly after the 
parachute has been opened (2), (4).  
 
For a more secure Achieved, the student would need to describe further aspects 
related to the physics of the chosen application.  
 
The student could have: 
 

 described the effect of the surface area of the parachute on air resistance 
 described how air resistance increases as the parachutist falls. 

 

 



Student 5: Low Achieved 
 
Skydiver jumps out of plane: The force of gravity is pulling the mass towards the earth.  
 
Skydiver falling: Friction from the air is working against the force of gravity (1).  
 
Skydiver falling at terminal velocity: The force of gravity and friction from the air are equal 
(balanced) (3). 
 
Skydiver opens parachute: The parachute provides more air resistance. (2) 
 
Skydiver reaches terminal velocity with parachute: The friction from the air and the force of 
gravity are equal (balanced) (4). 

Student 5: Low Achieved 
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 Grade Boundary: High Not Achieved 

6. 
For Achieved, the student needs to demonstrate understanding of the physics of an 

application.  

This involves providing characteristics of, or an account of, the physics related to the 

use of the chosen application. 

The student has attempted to relate the way that a wind turbine works to the relevant 

physics, by describing the energy changes that take place (1). 

To reach Achieved, the student would need to describe further aspects related to the 

physics of the chosen application.  

The student could have: 

 described the workings of an electrical generator in more detail 
 described the physics involved in the transformation of kinetic energy into 

electrical energy. 

 



Student 6: High Not Achieved 
 
In a wind turbine kinetic energy of the wind (from heating from solar power) is changed to 
kinetic energy (rotational) of the rotor blades which is changed into kinetic energy (rotational) 
of the generator which is changed into electrical energy (1). 
 
This happens because the wind hits the blades and makes them spin. 
 
The blades turn a shaft inside the nacelle. The shaft goes into a gear box which increases 
the rotation speed enough for the generator. 
 
The generator uses magnetic fields to convert the rotational energy into electrical energy. 
 
The power output goes into a transformer which converts the electricity coming out of the 
generator at around 700 Volts (V) to the right voltage for the spreading system, typically 22 
000V (22kV). The electrical energy gets sent around the country. 

Student 6: High Not Achieved 


