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QUESTION ONE: CHARGING A CAPACITOR

Eleanor sets up a circuit to investigate how capacitors operate. The circuit is shown below.

The circuit includes a 2.20 x107% F capacitor and a double pole switch.

(a)

The capacitor is initially uncharged, and the switch is in the position shown. Eleanor moves the switch
to S, and the capacitor charges up. A graph of the capacitor voltage against time is shown below.

(b)

~__“'___

500V

I____

H . S1

— ]

i .S
220 x 104 F

&

Calculate the maximum charge stored by the capacitor in this circuit.
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Use the graph to calculate the resistance of the resistor.

Draw lines on the graph to help explain your working.
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K= 455000 0 (354)
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Sticky Note
Correct calculation

Sticky Note
Has shown understanding of time constant and calculated resistance
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(¢) Give a comprehensive explanation for the shape of the capacitor voltage graph.

Include the reasons for the starting voltage and the final voltage.
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(d)  FEleanor connects another 2.20 x1 0-6 F capacitor in series with the original capacitor, and
repeats the experiment.

Describe and explain how this affects: .—"/ / ; ! / =
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the time constant of the circuit.
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Sticky Note
Has only explained why the charging slows down, no reason for initial or final voltages

Sticky Note
Has correctly explained effect on time constant but incorrectly the voltage


QUESTION TWO: THE TRANSFORMER

Transformers can be used to increase or decrease the size of an AC voltage. Wei has a transformer
that is designed to convert 240 V into 12.0 V.

The secondary coil has 40 turns.

(a) Calculate the number of turns on the primary coil.
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(b) Explain how an alternating voltage across the primary coil creates an alternating current in a
light bulb connected to the secondary coil.
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Each coil of a transformer acts as an inductor.

A primary coil is attached to a battery and switch as shown in the diagram below. The switch is
closed and then some time later the §wiféh is opened.
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Sticky Note
Correct calculation

Sticky Note
Has identified the presence of a changing magnetic field
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(¢) Sketch a graph showing how the current in the coil changes when the switch is closed and
then some time later is opened.

Give a comprehensive explanation for the shape of your graph.

If you
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the graph on
i page 8.
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(d) Calcgiate the energy stored in the primary coil’s magnetic field when the switch has been
closed for several seconds.

battery voltage =60V
resistance of primary coil =35 Q

inductance of primary coil =0.10 H
r:-% E=/lLr*®
= s Y RIANSAYIN
= 0171 4 (34) = 41477 (3:+4) -
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Sticky Note
Has explained the back emf  produced when the switch is closed

Sticky Note
Correct calculation for current and energy
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QUESTION THREE: MEASURING IRON IN SAND

Vivienne wants to measure the amount of iron in iron-sand mixtures collected from different

beaches. The diagram below shows the circuit that she uses. The circuit includes a 500-turn coil

with a resistance of 15.0 Q, and an AC supply.

The coil behaves like a resistor and an inductor in series.

av

6.00 V rms

®
15.0 Q | -

The coil has a hollow core that is initially empty. Vivienne adjusts the power supply voltage to
6.00 V rms.

(a) Calculate the instantaneous maximum (peak) voltage across the power supply.
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During testing, Vivienne puts a mixture of iron and sand inside the core of the coil.

(b)  State what effect this has on the size of the coil’s reactance.

With reference to impedance, explain what happens to the size of the current in the circuit as

she adds the mixture of iron and sand.
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Sticky Note
Correct calculation

Sticky Note
Has stated that reactance increases and as a result impedance also increases resulting in a decrease in current 
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When Vivienne sets the frequency of the current to 1.00 x 103 Hz, the inductance of the coil is
3.18 x 1073 H.

Using a phasor diagram or otherwise, calculate the size of the rms current in the circuit.
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(d) Vivenneadds a capacitor in series with the coil, and finds that the current increases.

Explain why the current increases.
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Sticky Note
Correct calculation of current however phasor diagram shows some confusion

Sticky Note
Has identified that reactances of capacitor and inductor are out of phase resulting in a decrease in impedance and increase in current




