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QUESTION ONE: DC

A car radio can be modelled by the use of resistors. One resistor can be used to model the radio
receiver. Two different-sized resistors can be used to model two different-sized speakers. The circuit
is shown below. The resistance of the radio receiver is 10 Q, and the resistance of the small speaker
is 80 Q. The current from the car battery is 0.300 A.
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(a) Calculate the voltage across the radio receiver.

Y= ordo NN

(b) . Calculate the current passing through Speaker A.

(c) Speaker B uses more power than Speaker A.-

Compare the resistance of Speaker B with the resistance of Speaker A.

No calculations are required.
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(d)

3

The 12 V car battery can be connected to a car’s headlight. One of the bulbs in the car’s
headlight is rated 12'V, 60 W. A normal household bulb is rated 240 V, 60 W, and is connected
to the 240 V household supply.

[0

(i)

Carry out calculations to explain which bulb (the car’s headlight bulb or a normal
household bulb) has more current passing through it.

Discuss how the brightness of the car’s headlight bulb compares with that of the normal
household bulb. .

Assume both bulbs are the same type.
_ Powzr= orighiness
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QUESTION TWO: STATIC ELECTRICITY

In an X-ray machine, a heating element releases electrons from a negatively charged plate called the
cathode. The electrons are then accelerated by an electric field that exists between the cathode and a

positively charged tungsten plate called the anode.

The cathode and the anode are connected to a high voltage source of 20000 V. The distance
between the cathode and anode plates is 0.050 m. The beam of electrons causes X-rays to be
released from the anode.

Charge on an electron = 1.60 x 107 C
Mass of an electron  =9.11 x 1031 kg
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The diagram on the right shows the arrangement to accelerate
the electrons as they leave the cathode.

(a) Calculate the electric field strength between the plates, and state it

7,0000 = 0,000

(b) State what type of energy an electron would have at the cathode (negative plate), and what
would happen to that energy as the electron moved towards the anode (positive plate).
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(¢) Calculate the speed of the electron-;g_

Lo ¥ vorte™ ¢ 0o e (V)

(d) In 1909 Millikan used two opposi't_él'jf-: cha_féed metal plates to keep a charged oil drop falling
at terminal velocity when he was experimenting to find the charge of an electron. A modified
form of his experimenit keeps an oil d:r':of):: "s'téit_ionary.

The diagram below shows part of the equipment.
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Discuss how it was possible to make the oil drop stationary between the plates.
In your comprehensive answer you should
. identify the forces acting on the oil drop
. describe how the forces can combine to cause the oil drop to be stationary

. explain what type of charge the oil drop must have in order fo remain stationary.
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Qu ESTION THREE: ELECTROMAGNETISM

metal track
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A metal rod AB of length 0.160 m is free to slide, without friction, on two parallel metal tracks.
The two tracks are connected to a 12.0 V battery so that the rod and the tracks form a closed circuit
when the switch is closed. ¥he rod AB has a resistance of 20.0 Q, and the tracks have negligible
resistance. A uniform magnetic field, of strength 1.50 x 107 T, is applied perpendicular to the plane
of this circuit.

When the switch is closed, the rod AB moves.

(a) In what direction dp€

(b) Calculate the size of the force expérienced by the rod AB.
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The battery is removed and replaced by a conducting wire, as shown below. The rod AB is pushed
to the left at a constant spéed of 3.0 m s,
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(c) Explain why a voltage is induced.
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(d) Calculate the size and direction of the induced current (conventional current) flowing through
the metal rod when it is moved to the left with a constant speed of 3.0 m s7%.
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