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90257 Demonstrate understanding
of electricity and electromagnetism
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Check that the National Student Number (NSN) on your admission slip is the same as the number at the
top of this page.

You should answer ALL the questions in this booklet.

For all numerical answers, full working must be shown. The answer should be given with an S| unit.
For all ‘describe’ or ‘explain’ questions, the answer should be in complete sentences.

Formulae you may find useful are given on page 2.

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

Check that this booklet has pages 2-9 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.

For Assessor’s . - q
use only Achievement Criteria
Achievement Achievement Achievement
with Merit with Excellence
Identify or describe aspects Give descriptions or explanations Give concise explanations that
of phenomena, concepts or in terms of phenomena, show clear understanding in
principles. concepts, principles and/or terms of phenomena, concepts,
relationships. principles and/or relationships.
Solve straightforward problems. Solve problems. Solve complex problems.

Overall Level of Performance (all criteria within a column are met)
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You are advised to spend 50 minutes answering the questions in this booklet.

You may find the following formulae useful.
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QUESTION ONE: CHARGED PARTICLES

A velocity sorter is an apparatus that can be used to obtain a stream of charged particles, all
travelling with the same velocity. The diagram below shows a simplified velocity sorter.
A stream of protons is made to pass between two parallel charged plates.
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(a) On the diagram above, use arrows to draw the electric field between the plates.

(b)  On the diagram below, draw the path of the proton in the field.
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(c) Explain why the proton follows this path.

In order for the protons to travel in a straight line, a velocity sorter also has a magnetic field.

+4+++++++++++
Positive plate

Straight line for
path of protons

Negative plate

(d) The proton is travelling through a magnetic and electric field.

State the direction of the magnetic field that would allow the protons to go in a straight line.

Choose your answer from:

towards the top of the page towards the bottom of the page
left right
into the page out of the page.
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(e) Explain the effect (if any) of the speed of the proton on the size of the electric force, and on  |Assessors
the size of the magnetic force acting on the proton. use only

Effect of speed of proton on electric force

Eftect of speed of proton on magnetic force

(f)  The voltage between the plates is 220 V. The plates are 5.0 cm apart.

Calculate the size of the electric force on the proton. Charge on proton = 1.60 x 1071° C.
Give your answer to the correct number of significant figures.

Force =

(g) 3.5x 10" protons enter the field in 10 s.

Calculate the size of the current.
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QUESTION TWO: DC ELECTRICITY

Martha and Mere connected the following circuit using several resistors and a power supply.

4.5Q

34Q

I

52Q

—L

(a) How much energy does the battery give to each Coulomb of charge?

(b)  Show that the total resistance in this circuit is 6.56 €.

(c) Calculate the current through the 4.5 € resistor.

Current =

(d) Show that the voltage across the 3.4 Q resistor is 3.8 V.

Voltage =
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(e) State the voltage across the 5.2 Q resistor. Give reasons for your answer.

Martha and Mere then reconnect their circuit by including a diode as shown in the circuit below.

4.5Q

(f) Explain how adding the diode would affect the current through the 4.5 Q resistor.

(g) Calculate the heat energy produced by the 3.4 Q resistor in one minute when the diode is
connected in the circuit as shown in the above diagram.

Energy =
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QUESTION THREE: ELECTROMAGNETISM

magnet f

N

coil

sliprings <—— |

C

-«+—— carbon brush

The diagram above shows a wind-powered generator in a yacht. It comprises a rectangular coil of
wire that is rotated in a magnetic field.

(a)

(b)

The width (AB) of the coil = 6.4 cm

The length (AD) of the coil = 14.6 cm

The strength of the magnetic field =0.75 T
Speed of the long side of the coil =20.0 cm s™!
Number of turns of coil = 100 turns

Calculate the maximum induced voltage across one loop.

Voltage =

Describe three ways in which the size of the induced voltage across the length of the coil can
be increased.

(1

2)

3)
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(d)
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State the position of the coil that produces the maximum voltage and explain why the size of

the voltage changes as the coil rotates.

axle

magnet f
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split ring

[

carbon brush

The generator can be modified to act as a DC motor by changing the slip rings to a split ring,

as shown in the diagram above.

The motor is connected to a 12 V battery.
The coil has a resistance of 4.5 Q.

The coil has 100 turns.

Calculate the maximum force acting on one side of the coil.

coil
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Extra paper for continuation of answers if required.
Clearly number the question.
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