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The formulae below may be of use to you.
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QUESTION ONE: CAPACITOR TANK

Permittivity of free space = 8.85 x 10 ” Fm!
Relative permittivity of air = 1.0

Hannah uses a rectangular tank, as shown in the  0.80 cm
diagram, to carry out a series of experiments b
investigating the behaviour of a parallel plate $
capacitor. The front and back of the tank are
made of conducting metal plates 88.0 cm wide <5 o !
and 52.0 cm high. The sides and bottom of the
tank are 0.80 cm wide, and are made of thin, ‘
non-conducting plastic. .

(a) (i) For her first experiment, Hannah
closes the switch to connect the
plates to the 50.0 V power supply.

Show that the charge stored on the plates is 2.5 x 10°* C,
Explain why this value should be stated to two significant figures.
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(ii)) Explain why the amount of energy stored in the charged capacitor is only half of the total
energy provided by the power supply.
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' (b) The tank can be filled with a non-conducting oil with a relative permittivity of 2.1. No charge
5 is transferred from the plates to the oil. There is a valve in the bottom of the tank that can be
opened to drain the oil from the tank.

For her second experiment, Hannah starts with the tank empty, the plates uncharged, and
the switch open. She then carries out the following steps in sequence to achieve a potential
difference between the plates that is greater than 50.0 V:

Step 1: Close the switch.

Step 2: Fill the tank with oil.

Step 3: Open the switch.

Step 4: Drain the oil from the tank.

(i)  Explain the effect of each of these steps, and how this sequence results in a potential
difference that is greater than 50.0 V between the plates.
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(d)

For her last experiment, Hannah now 0.80 cm *-._44.0cm
adds a third parallel thin metal plate i
between the two original plates. The

new plate is the same height as the two
original plates, but is only half the width, 53,0 ¢m!
and has negligible thickness. 3

Using appropriate physics concepts,

explain the effect that adding the third
plate will have on the total capacitance 88.0 i,
of the tank.
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(b) By referring to relevant physics principles, discuss the validity of these two statements:
(i) Statement 1: For an object with fixed mass to have linear acceleration, it must experience
a non-zero net force.
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(ii) Statement 2: For an object with fixed mass to have angular acceleration, it must
experience a non-zero net torque.
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(b) Explain, using physics concepts, where point Q should be placed to give the largest value of Rogs
and determine the maximum value of R, for a length of wire with resistance R = 10 Q.
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A square coil is unwound, and the same piece of wire is used to make a second square coil with
sides twice as long as the original coil.

Use physics concepts to explain how the terminal velocity of the new coil compares to that of the
initial coil when dropped into the same magnetic field.
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Write the question number(s) if applicable.

Extra space if required.
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