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PHYSICS

Level 2
91173 Demonstrate understanding of electricity and electromagnetism
Credits: Six
Answer ALL the questions in the spaces provided.

If you need more space for any answer, use the pages provided at the back of this booklet and clearly number the question.

For all numerical answers, full working should be shown and the answer should be rounded to the correct number of significant figures and given with an SI unit.

For all ‘describe’ or ‘explain’ questions, the answer should be in complete sentences with all logic fully explained.
YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE ASSESSMENT.
	For Assessor’s use only

Achievement Criteria

	Achievement
	Achievement
with Merit
	Achievement
With Excellence

	[image: image1.wmf]New Zealand Institute of Physics

Demonstrate understanding of 

electricity and electromagnetism.
	Demonstrate in-depth 

understanding of electricity and electromagnetism.
	Demonstrate comprehensive understanding of electricity and electromagnetism.


You may find the following formulae useful.
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It is recommended that you take 60 minutes to complete this assessment.

QUESTION ONE: ELECTROMAGNETISM
Vertical axis wind power turbines are small wind turbines that generate electricity from the wind. 

The blades rotate when the wind blows, and this rotates a coil of copper wire between the blades. This coil of wire is surrounded by a magnet. The diagram below shows the coil inside the magnetic field at one time. The horizontal arrows show the magnetic field lines, and the arrows along the wire show the conventional current that is generated. 

[image: image16]
a) 
Determine the direction that section A of the coil of wire is moving at the time shown.
Use the words “into the page” or “out of the page”.

b)
Explain how the electrical current is induced in this metal wire.
The coil is a square shape with each side 0.30 m, and the coil has 250 loops of wire. Side A and B of each loop generate voltage, both sides pushing the current in an anticlockwise direction. This means the coil acts like a battery with 500 cells in series, as shown below. 


[image: image17]
The strength of the magnetic field is 0.078 T, and the generator is connected to a circuit with a resistance of 1.32 Ω. At one moment, the current in the circuit is 23 A.   
c)
Calculate the speed of the sides of the wire coil at the moment shown. Start your answer by calculating the total voltage of the generator. 



The coil of wire spins with very little friction. If the circuit is disconnected, and the wind suddenly stops, the coil will keep spinning for a long time. However, when the circuit is connected, and the wind suddenly stops, the coil stops spinning in a short time. 
d) 
Explain what causes the coil to stop spinning when the circuit is connected. 

QUESTION TWO: CIRCUITS
The wind generator is connected to a circuit as shown to turn a 5.0 Ω light on. The generator is now creating 15 V. There are long cables between the generator and the light, which have a resistance of 1.2 Ω.  

[image: image18]
a)
Calculate the current through the cables. Start your answer by calculating the total resistance of the circuit. 

A second light with 7.0 Ω resistance is plugged in to the circuit in parallel with the first light. 

[image: image19]
b) 
Calculate the power used by the cables. Start by calculating the total resistance.
A water pump is then plugged into the circuit in parallel with the lights. The water pump uses much more power than the lights. 

[image: image20]
c)
Explain whether the water pump will have a larger or smaller resistance than the lights.  
 
d)
Explain how plugging in the water pump will affect the power used by the cables. 

QUESTION THREE: ELECTROSTATICS
A problem with wind powered generators is that no electrical energy is created when the wind is not blowing. One way of storing electrical energy is in a capacitor, which is a device with two parallel metal plates separated by an insulator. The generator charges up these plates with a uniform distribution of charge whenever the wind is blowing. If the wind stops, the charges can flow off the plates to power the light bulbs and water pump. 
a)
Draw electric field lines between the plates of the capacitor shown below. 

[image: image21]
The capacitor shown has plates that are 5.0 mm apart. The electric field is measured to be 4200 V m-1 at point A of the capacitor (2.0 mm from the negative plate). 
b)
Calculate the voltage between the two plates.
A piece of dust with a charge of -6.8 × 10-8 C, and mass of 7.2 × 10-9 kg is placed at point A, and released. The dust then moves towards the positive plate.

c) 
Calculate the speed the piece of dust will be going at when it hits one of the plates. Ignore the effect of air resistance and gravity. Start by calculating the change in electrical potential energy of the piece of dust. 

d) 
Compare the motion of the piece of dust released at point A, to the motion if the piece of dust was instead released at point B which is 1.0 mm from the positive plate. Explain your answer, and include a comparison of the force, acceleration and final speed of the piece of dust. No calculations are required.
The charges flow off the plates when the capacitor is used to power the light bulbs and water pump. This reduces the voltage across the two plates. 

e) 
Explain how this decrease in voltage will affect the force on any charged pieces of dust between the plates. 











If you need more space for any answer, continue here. Clearly number the question.
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