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PHY3 JANUARY 2002 - TOPIC C - NUCLEAR & PARTICLE PHYSICS


Topic C - Nuclear and Particle Physics

3. (a) State one similarity and two differences between alpha and beta particles. (3)

(b) Show that the radius of the nucleus of an atom of silver, 10847Ag, is approximately twice the radius of the nucleus of a nitrogen atom, 147N. (3)

Explain why measurements of the energies of the β- particles emitted during nuclear decay led to the suggestion that an additional undetected particle must be emitted during the decay process. You may be awarded a mark for the clarity of your answer. (4)

(c) An atom of antihydrogen (a positron orbiting around an antiproton) has been produced.

Is an atom of antihydrogen positive, negative or neutral? (1)

State the quark composition of an antiproton. (1)                   

Show that an antiproton has a charge of -1. (1)

Explain why it is extremely difficult to store antimatter. (2)
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Copy out and complete the 

quark table opposite.

Selecting from the shaded boxes

only, use the table to deduce the 

quark composition of the 

following particles.

(i) A neutral strange meson

(ii) A positive charmed meson

(iii) A neutral strange baryon  (3)

(d) Use the laws of conservation of charge and baryon number to decide whether the following reactions are possible or not possible. In each case show how you applied the laws. Pions (π+, π-, and π0) are mesons.  (4)
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(e) Read the short passage below and answer the questions about it.
Electromagnetic radiation consists of tiny packets of energy called photons. Energy is conserved whenever these are emitted or absorbed. However, photons that do not conserve energy also exist. These are called virtual photons. They borrow energy that must be repaid in accordance with Heisenberg's Uncertainty Principle which states that:
[borrowed energy] x [time for loan] =  approximately 1.1 x 10-34 Js.
The difference in ranges of the electromagnetic and the weak interactions can now be explained. A large quantity of energy must be borrowed to create the massive W- , W+ , Z0 exchange particles. This loan must be paid back very quickly. The exchange particles cannot move far in this short time. In contrast, virtual photons are massless and hence can travel an infinite distance. [Adapted from The Standard Model by C Sutton; CERN Courier, June 1994]                              

What is a photon? (1)
How do virtual photons differ from ordinary photons? (1)
Copy out and complete the table below which shows some properties of two fundamental interactions. (3)
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The energy required to create a W+ is 1.4 x 10-8 J.
Calculate the time for which this energy can be borrowed. (2)
Use your value to estimate the maximum possible range of a W+. 

(No particle can travel faster than the speed of light.) (2) 



(Total 32 marks)
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