1.
This question is about A to D conversion.

What do the letters A and D stand for?

(1)

State two reasons why communications engineers might want to carry out this A to D conversion.

(2)

The voltage signal below is produced by a sound synthesiser.

[image: image1.wmf]
Calculate the frequency of the signal illustrated above.

Frequency = .................................................

(2)

The signal is being sampled eight times in one cycle. Calculate the sampling rate in hertz.

Sampling rate =  ……………….  Hz

(1)

What is the maximum frequency of signal that your calculated value of sampling rate could be effective in encoding?

Maximum frequency = ................................

(1)

This signal is to be encoded using four bits per value. Each bit takes 10‑8 s to transmit. How many different signals sampled in the same way could be transmitted along a single fibre?

Number of signals = ....................................

(3)

State one advantage and one disadvantage of using more than four bits to encode each value.

Advantage 

Disadvantage 

(2)

(Total 12 marks)

2.
The family of quarks is shown below, together with the charge and mass of each.

	quark
	charge


	mass (GeV/c2)

	up
	+ 2/3
	0.005

	down
	- 1/3
	0.01

	strange
	- 1/3
	0.2

	charm
	+ 2/3
	1.3

	bottom
	- 1/3
	4.3

	top
	+ 2/5
	180


What is meant by "charge = + 2/3"?

(2)

Calculate the mass of the strange quark in kilograms.

Mass =  ……………………….  kg

(2)

What would be the charge and mass of the anti‑particle to the charm quark? (Use the same units as in the table opposite.)

(2)

The top quark was predicted by theoretical physicists several years before it was actually found experimentally in 1994. What made them confident that the top quark existed?

(1)

Give one reason why it took such a long time to find experimental evidence for the top quark.

(1)

In their search for the top quark, physicists thought that another particle called the W might decay while stationary into one top and one bottom quark.

They predicted "The resulting top quark moves off relatively sluggishly on one side while the lighter bottom quark travels more rapidly in the opposite direction".

Using an appropriate conservation law, explain why the top quark moves off more sluggishly than the bottom quark.

(3)

(Total 11 marks)

3.
Modern cameras are often used with electronic flashes. These require a very high voltage to be applied to a small tube of an inert gas such as xenon, ionising it and allowing a large current to flow for a fraction of a second. A built‑in flash unit contains a circuit which allows a voltage of several hundred volts to be produced from a 1.5 V cell. This is done by charging a capacitor until the required voltage is achieved.

The diagram shows a simplified circuit for part of an electronic flash.

[image: image2.wmf]
The current from the cell must first pass through a converter which changes direct current to alternating current.

A transformer is then used to increase the alternating voltage from 1.5 V to 350 V.

Describe the operation of the transformer, explaining why it is necessary to convert the direct voltage to alternating voltage.

(3)

The transformer has 6 turns on the primary coil. Calculate the number of secondary turns.

Number of turns = .......................................

(2)

The output current from the transformer passes through a diode. This converts it from alternating current to direct current, before the output voltage is applied to the 280 (F capacitor.

State the effect on the capacitor of not including the diode.

(1)

Calculate the energy stored by the capacitor when it is fully charged.

Energy = .......................................................

(3)

As the camera shutter is released, the discharging circuit is completed. Charge from the capacitor then flows through the lamp, producing the flash.

[image: image3.wmf]
The graph below shows how the voltage V across the capacitor varies with time as it discharges. Use the graph to find the effective resistance of the flashlamp.

Resistance =  .................................................

(3)

(Total 12 marks)

4.
In order to monitor the performance of a motor, it is necessary to measure its rate of rotation. A simple sensor consists of a small bar magnet attached to the output shaft of the motor. A coil of wire is placed so that the magnet rotates close to it as shown below.

[image: image4.wmf]
The voltage induced across the coil is displayed on a c.r.o. (cathode ray oscilloscope). The c.r.o. screen is shown below.

[image: image5.wmf]
Explain how the movement of the magnet produces the voltage shown. As part of your explanation, fill in the three empty boxes (2, 3 and 4) below figure (i) to show the corresponding positions of the magnet.

(4)

The rotation rate of the shaft is now doubled. The c.r.o. settings are not changed. This produces the c.r.o screen shown below.

[image: image6.wmf]
Explain the differences between figure (i) and figure (ii).

(3)

The shaded area in figure (i) is equal to

2 x (number of turns on coil) x (flux at one end of magnet)

The coil has 240 turns. Show that the flux at each end of the magnet is about 3 x 10‑7 Wb.

(3)

The dimensions of the end of the bar magnet are 1.0 cm x 0.5 cm. Calculate an approximate value for the magnetic flux density at the end of the bar magnet.

Magnetic flux density= ...........................

(2)

(Total 12 marks)

5.
Describe the production of a beam of high energy electrons in a particle accelerator, and suggest why these electrons would be appropriate for investigating the fine structure of sub‑atomic particles.

(Total 7 marks)

6.
It has been suggested that the centripetal force causing the Moon to orbit the Earth might be the result of electrical attraction and not gravitational attraction at all. Assuming the necessary force could arise as a result of the Earth and the Moon carrying equal charges (of opposite sign), show that the magnitude of these charges would have to be about 6 x 1013 C.

Data:
Mass of Moon


= 7.4 x 1022 kg



Radius of Moon's orbit
= 3.8 x 108 m



Time of Moon's orbit 

= 27 days

(Total 6 marks)

