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PHYSICS

Magnetism Homework Assignment 3
AS 90257
2.6 Demonstrate understanding of electricity and electromagnetism
Credits: Five
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.

	For Assessor’s use only

Achievement Criteria

	Achievement
	Achievement
with Merit
	Achievement
With Excellence
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Identify or describe aspects of phenomena, concepts or principles.
	Give descriptions or explanations in terms of phenomena, concepts, principles and/or relationships.
	Give concise explanations that 
show clear understanding, in terms 
of phenomena, concepts, principles and/or relationships.

	Solve straightforward problems.
	Solve problems.
	Solve complex problems.

	Overall Level of Performance (all criteria within a column are met)


Formulae that you may find useful are given below
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QUESTION ONE: THE KAHURANGI POWER COMPANY
The Kahurangi Power Company transmits electricity over great distances. To do so it uses power cables held up by large pylons.

(e)
A power cable carries a 5.0A current between two pylons that are 450 metres apart. The Earth’s magnetic field in this region measures 5.5 X 10-5T and is at right angles to the power cables. Calculate the magnetic force on the cable between the pylons.
__________________________________________________________________

__________________________________________________________________
__________________________________________________________________
Force = _____________________________________
The source of energy for the Kahurangi Power Company is a dam. Water flowing downhill turns a turbine which turns a generator which produces electricity. Below is a simplified diagram of a generator.
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(f)
State the direction of conventional current in the coil. Use the letters A and B, at the corners of the coil, to assign a direction.
__________________________________________________________________
(g)
State the design changes that could be made to the generator to increase the current produced by it.
__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

QUESTION TWO: AIRBUS A380
The AIRBUS A380 airplane is the largest commercial jet ever. Its wingspan is 79.8m. The body and wings of the plane are made from electrically conducting material. The AIRBUS A380 is flying over the north magnetic pole at 250ms-1.
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(a)
Calculate the size of the induced voltage across the length of the wingspan when it is travelling over the north magnetic pole through a region where the Earth’s magnetic field is 7.0 x 10-5 T. State your answer to the correct number of significant figures.
__________________________________________________________________

__________________________________________________________________

_________________________________ Voltage = ________________________

(b)
Explain why there would be no induced voltage across the wingspan if the Airbus A380 was flying along the equator.
__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

Question tHree: generating electricity

In 1996, electricity was produced in space when the Columbia Space Shuttle moved a 19.7km conductor through the Earth’s magnetic field. This device generated 3,500 V and 0.50 A of current.

(a)
The average magnetic force experienced by the conductor is 0.23 N. Show that the average magnetic field strength of the earth is 2.3 x 10-5 T.
(b)
Explain three assumptions you have made in calculating the earth’s magnetic field strength in (a).
(c)
Explain why the system could not be used for electricity generation.




(d)
Calculate the speed of the conductor across the earth’s magnetic field.

Speed = 


(e)
State two ways in which greater voltage can be produced using this method.
The diagram below shows the parts of a generator that is used in a laboratory. A rectangular coil ABCD is rotated in between two poles of a magnet as shown. A current is induced in the coil.
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(f)
Draw an arrow on the diagram above to show the direction of the conventional current in the coil through section AB.
(g)
Explain how you obtained the direction of the conventional current
(h)
The length of the side AB of the coil is 25 cm.  The generator magnets produce a uniform magnetic field of 0.60 T. The force on each side of the coil is 0.22 N.

Calculate the size of the voltage across the length AB when it moves at right angles through the magnetic field. The resistance of the length AB of the wire is 0.50 (.


Voltage = 


Question FOUR: AURORAE

Clouds of ionized gases containing protons or electrons from the solar wind become trapped in the earth’s magnetic field to form the aurorae (or northern lights and southern lights). The solar wind, travelling at 630 km s-1, hits the earth’s magnetic field and is directed toward the magnetic poles, where these particles release their energy in the form of light.
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Assume that the charged particles are moving at 90º to the magnetic field.

(a)
Each particle has a charge of 1.6 x 10-19 C and its experiences a force 
of 2.5 x 10-15 N.  Calculate the size of the earth’s magnetic field.


Magnetic Field = 


The deflection of charged particles by a magnetic field can be studied by using the following set up. An electron gun fires a beam of electrons onto the screen. When a current passes through the coils it produces a magnetic field across the path of the electron beam.
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When the coils are magnetised the beam deflects downwards.
(b)
In the box given on the right of the diagram above, draw the shape and direction of the magnetic field produced by the coils.

(c)
Explain how you obtained the direction of the magnetic field.

_________________________________________________________________


_________________________________________________________________


_________________________________________________________________

Question FIVE: electromagnetism

A single, square, wire loop moves into a uniform magnetic field, B, as shown. The loop is moving with velocity, ( = 1.5 ms-1.

[image: image20.wmf]
(a)
On the diagram mark and label the direction of the conventional current induced in the loop.

The magnetic field has a value of 0.024 T. The charge on an electron is -1.6x10-19 C.

(b)
Calculate the size of the force acting on an electron, within the side PQ of the loop.



force = 


(c)
Explain why there is no force on the electrons on side QR of the loop.

(d)
Explain what happens to the induced current when the loop is fully inside the magnetic field, still moving with velocity (.

(e)
Explain what happens to the induced current as the loop leaves the magnetic field, still moving with velocity (.

Geophysicists can study the magnetic structure of the surface of the earth, by taking an ‘aeromagnetic’ survey. An aeroplane is setup with a long, conducting boom as shown in the diagram. This can be modelled by a wire that hangs at right angles to the direction that the plane flies. As the plane flies, a voltage is induced across XY.
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(f)
A plane is flying at 70 ms-1 over a regular magnetic field, as shown. State the direction of voltage that is induced along XY. Explain your answer.

(g)
Calculate the voltage induced across the ends of the boom, if the plane is flying over a magnetic field of 0.45 mT. The distance between X and Y is 5 m.



voltage = 

QUESTION SIX: ELECTROMAGNETISM, NZIP2008
A long wire is tied tightly from the floor to the ceiling as shown. The wire passes between the poles of a powerful magnet and a current is passed through the wire by the battery.


(a)
The long wire will experience a force. In which direction is the force pushing?

(b)
The magnetic poles are 0.08 m tall, with a magnetic field of 0.2 T and the wire carries a current of 2 A. Calculate the force on the wire.


(c)
The magnet is now moved so that the wire passes much closer to the North Pole. Explain what effect this move will have on the size of force on the wire.

(d)
The battery is replaced with a sensitive meter to see what happens when the wire is plucked like a giant guitar string. The vibrating wire can generate an induced voltage. What would be the slowest speed the wire could have in order to produce an induced voltage of 1.5 V?

(e)
State using a physics idea why this would not be a useful DC generator.
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Diagram showing the direction of the magnetic field lines at the North Magnetic Pole
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Coils on.  Electrons cause screen to glow here





Centre, electrons hit when coils off
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