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Achievement with Merit

Demonstrate understanding of electrical
systems.
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electrical systems.
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Demonstrate comprehensive
understanding of electrical systems.
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QUESTION ONE
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Casey sets up a battery, a switch, and a 3.00 Ω light bulb in series.

V

3.00 Ω

The battery voltage is measured to be 6.02 V when the switch is open. However, when the switch is
closed, Casey notices that the battery voltage drops to 5.85 V.
(a)

Explain why the battery voltage is less when the switch is closed.

(b)

Casey measures the current through the circuit to be 1.89 A.
State the EMF, and show that the internal resistance of the battery is approximately 0.09 Ω.
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Casey now adds a capacitor in series with the battery and closes the switch. Casey measures the
voltage across the capacitor as it charges.

3.00 Ω

V

Capacitor Voltage during Charging
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(c)
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Using information from the graph, determine the capacitance of the capacitor.
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(d)

Casey discharges the capacitor, removes the light bulb, and begins to charge the capacitor
again. Casey predicts that, by removing the light bulb, less energy will be converted to light
and heat, and so the capacitor will charge more quickly, and have more stored energy once
fully charged.
Use physical reasoning to discuss each aspect of Casey’s prediction.
You should discuss, with explanations:
•

whether the capacitor will charge more quickly than before

•

whether less energy will be converted to light and heat during the charging process
without the light bulb

•

whether more energy will be stored in the fully charged capacitor.
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Casey is using an electromagnet that has an inductance of 4.50 × 10–1 H and a resistance of 2.00 Ω.
Casey connects it to a 12.0 V DC battery with an internal resistance of 0.0900 Ω.
Electromagnet

4.50 × 10–1 H

12.0 V DC

2.00 Ω

0.0900 Ω

Battery

(a)

Determine the current through the electromagnet a few minutes after the switch is closed.

(b)

Casey opens the switch and a large spark jumps across the terminals of the open switch.
Explain how the coil can produce such a high voltage when the switch is opened.
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To prevent damaging sparks, Casey places a 20.0 Ω resistor in parallel with the electromagnet.
Electromagnet

2.00 Ω
4.50 × 10–1 H

20.0 Ω

0.0900 Ω

Battery

12.0 V DC

(c)

At one point, shortly after the switch is closed, the rising current drawn from the battery has
reached 2.00 A and a back EMF of 9.00 V has been induced across the inductor.
Show that the current through the electromagnet at this time is 1.41 A.
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After many more minutes, the current through the coil is a steady 5.72 A.
The switch is now opened.
(i)

Plot the graph of current versus time for the electromagnet as the current falls to zero.
6.00
5.00

Electromagnet Current (A)

(d)

4.00
3.00
2.00
1.00
0.00
0.0

(ii)

0.02

0.04

0.06
Time (s)

0.08

0.10

0.12

Explain how the presence of the 20 Ω resistor protects against the high voltage sparks
that Casey witnessed earlier.
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Casey is experimenting with building inductors and capacitors.
To make a capacitor, Casey places a thin layer of rubber between two 1.20 m2 aluminium plates, and
then squeezes the sheets together. The rubber has a dielectric constant of 8.90 and is compressed to
a thickness of 1.00 × 10–4 m.
aluminium sheet
rubber
aluminium sheet

1.00 × 10–4 m

(a)

Show that the capacitance of Casey’s capacitor is 9.45 × 10–7 F.

To make an inductor, Casey winds several hundred turns of insulated copper wire around an iron
rod. Casey wants to test its inductance.
Casey connects the circuit shown below. The voltage across the lamp is measured to be 4.64 VRMS,
and across the inductor to be 11.1 VRMS.

12.0 VRMS AC

5.00 Ω

50.0 Hz

V
11.1 VRMS

(b)

Show that the inductance of Casey’s inductor is 3.81 × 10–2 H.
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Casey adds in the 9.45 × 10–7 F capacitor to create an LCR series circuit. The light bulb barely
glows. Casey switches the AC power supply to its maximum frequency setting of 4.00 × 102 Hz.
(c)

Determine the new impedance of the circuit.

(d)

(i)

Calculate the resonant frequency for the circuit and compare this with the maximum
frequency setting of the power supply.

(ii)

Describe how Casey could physically alter the inductor and capacitor to increase the
current through the light bulb using this power supply.
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QUESTION
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Extra space if required.
Write the question number(s) if applicable.
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