1.
In February 2000 scientists at CERN announced that they had made some "quark‑gluon plasma" (QGP) ‑ the extremely dense energetic matter that was present throughout the universe about 1 (s after the Big Bang. They did this by colliding lead ions in the accelerator.

A particular isotope of lead (symbol Pb) has 82 protons and 124 neutrons in its nucleus. Complete the symbol for this particular nucleus .
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(1)

What other particles are present in a neutral atom of this lead isotope`?

(1)

When QGP existed in the early universe, all the particles listed in the table below were present.

	Quarks
	Leptons

	Name
	Symbol
	Charge
	Name
	Symbol
	Charge

	up
	u
	+ 2/3
	electron
	e-
	-1

	down
	d
	- 1/3
	electron-neutrino
	ve
	0

	
	
	
	
	
	

	charm
	c
	+ 2/3
	muon
	(-
	-1

	strange
	s
	- 1/3
	muon-neutrino
	v(
	0

	
	
	
	
	
	

	top
	t
	+ 2/3
	tau
	(-
	-1

	bottom
	b
	- 1/3
	tau-neutrino
	v(
	0


Protons and neutrons are made entirely of up and down quarks. Show how an appropriate number of quarks can combine to give the correct charge for a proton.

(2)

Explain briefly what circumstances are required for the remaining quarks in the table to be created.

(2)

The early universe also contained positrons. Describe how the positron relates to one of the particles in the table.

(2)

(Total 8 marks)

2.
Advances in digital technology mean that it is now possible to send telecommunications in digital form. This means that cable TV suppliers must convert analogue TV camera signals to digital before transmission and the receiver must convert them back to analogue for use in a TV set.

State one advantage and one limitation of using a digital system instead of an analogue system to transmit the signal.

Advantage ........................................................................................................................

Limitation .........................................................................................................................

(2)

Describe how the cable TV suppliers use pulse code modulation to convert the analogue signal into a digital signal.

(3)

Explain briefly why the sampling rate must be at least twice the maximum frequency of the signal being sampled.

(1)

One way in which a signal can be degraded is by dispersion; this is caused by the light in a single pulse taking a variety of paths down the optical fibre. Figure I represents a single pulse as it enters the optical fibre.

Add to Figure 2 the likely shape of this pulse after transmission.
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(2)

A very high bit rate is required for the digital TV transmission.

Explain how dispersion imposes an upper limit on the transmission bit rate.

(2)

State and explain one way in which the effect of dispersion can be reduced.

(2)

(Total 12 marks)

3.
The diagram shows a solar sail, a possible method of propelling spacecraft.


The solar sail uses "radiation pressure" caused by the momentum of photons of sunlight as they strike the sail. A sail with an area of 1.5 x 106 m2 could be used to propel a spacecraft of mass 1.2 x 103 kg.

The energy E and momentum p of a photon are related by the expression E = p c, where c is the speed of light.

Calculate the total momentum of the photons striking 1 m2 of sail in one second. Assume the solar radiation flux (intensity) is 1400 W m-2.

Momentum  =  ............................................................

(2)

Hence find the force exerted on the whole sail if it is completely non‑reflective so that all of the incident light is absorbed.

Force = ......................................................................

(2)

Explain why this force is doubled if a totally reflective material is used.

(2)

An advantage of this form of propulsion is that it can be used for long periods of time allowing high speeds to be attained. Calculate the maximum increase in speed during one week, using a non‑reflective sail. Assume the solar radiation flux remains constant during this time.

1 week = 604 800 s.

Maximum speed increase = ..............................................................

(3)

(Total 9 marks)

4.
The following is an extract from an article about ultrasound.

"High frequency sounds do not travel far because they are exponentially attenuated by air, and for ultrasounds these losses become very severe. At 100 kHz half the ultrasound energy is lost for every metre travelled; for comparison, half the energy of a middle - C note (256 Hz) is still present as sound energy at 3 km."

Explain the meaning of the phrase exponentially attenuated.

(2)

Show that for ultrasound of frequency 100 kHz, the fraction of energy remaining after travelling 3 to is one eighth of the original energy.

(2)

Show, using values given above, that the attenuation constant ,( for sound of 256 Hz travelling through air is about 2 x 10‑4 m‑1.

(3)

The corresponding ( values for three frequencies are as follows:

f / Hz


( / m‑1





256


0.0002

100 000 

0.693

212 000

1.90

It is suggested that ( may be proportional to f. Carry out a numerical check to decide whether this is a reasonable suggestion.

(3)

(Total 10 marks)

5.
The timer on an electric toaster uses a resistor-capacitor circuit.  When the bread is lowered, switch S1 is closed and the capacitor C starts to charge up.  When the voltage across it reaches 4.0 V, another circuit is activated which makes the toast pop up, and at the same time switch S1 is opened and switch S2 is closed for a few seconds (to discharge the capacitor). The resistor R can be varied. The capacitance C  = 100 (F.
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Calculate the energy stored in the capacitor when the voltage across it reaches 4.0 V.

Energy stored = ........................................................

(2)

Which parts of this circuit will transfer this energy to the surroundings at the end of the toasting cycle?

(1)

Discuss whether this energy transfer process may damage the toaster.

(1)

The toaster is set so that switch S1 opens after 200 s. Complete the graph below to show how the voltage across the capacitor will vary with time from the moment (at t = 0 s) when S1 is closed.
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(3)

By estimating the time constant for the circuit, calculate an approximate value for R when 

C = 100 (F.

R = ............................................................................

(2)

Discuss the effect of increasing the resistance, R.

(2)

(Total 11 marks)

6.
There have been several space missions experimenting with tethered satellites. In a 1992 mission, the tethered satellite was connected to the shuttle Atlantis by a long conducting cable, the satellite being in the higher orbit. As the shuttle orbited through the Earth's magnetic field, an e.m.f. was induced in the conducting cable.

The shuttle, cable and satellite were all moving through the ionosphere, which contains many charged particles. The charged particles were able to complete a circuit, allowing a current to flow through the cable. One result of this current was that the orbit height of the shuttle, cable and satellite gradually became less.

Explain

(a)
the origin of the induced e.m.f.,

(b)
the reduction in the orbit height due to the flow of current.

(Total 5 marks)

7.
A model of a fairground ride consists of a track with a circular loop in it of radius 0.50 m.  A model vehicle is rolling freely on a track which has negligible resistance to motion. The vehicle is raised to a certain height above the level of the top of the loop and then released.
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The vehicle will not fall off the track at the top of the loop if its centripetal acceleration at that point is greater than g. Calculate the minimum height x above the top of the loop (marked x on the diagram) from which the vehicle can be released and still complete the loop while staying in contact with the track.

x = .............................................................................

(Total 5 marks)

Pb








