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2 CPIMP25

Planck constant, h = 6.64 x 10734 Js

Speed of light, c=3.00 x 108 ms™1

Rest mass of the electron, my=9.11 x 1031 kg
Elementary charge, e=1.60 x 10719C
Boltzmann constant, k= 1.38 x 10723 JK*
1J=6.24 x 1018 v

Section A -Answer Sl X parts of this section

1.1) Energy levelsfor the 1s, 2s and 3s electrons in copper, referred to the same arbitrary
zero, are 9.5 keV, 1.2 keV and 0.1 keV respectively. Use thisinformation to estimate the
wavelengths of Cu K, and Cu K, x-rays.

[7 marks]
1.2) Give aqualitative description of the sequence of events that results in biological damage
when x-rays or y-rays interact with tissue.

[7 marks]
1.3) Describe the physical appearances of tracks generated in a cloud chamber by a-particles
and (3-particles with energies of afew MeV, emphasising the differences between them.
Explain qualitatively, in terms of the physical interactions involved, why the tracks differ.

[7marks]
1.4) What is an Auger electron? Obtain an expression for the energy of an Auger electron in
terms of atomic energy levels.

[7 marks]
1.5) What is meant by the cross section o for a photon scattering process? Derive an
expression interms of o for the reduction in intensity due to scattering when a beam of
photons passes through a material.

[7 marks]
1.6) Draw alabelled diagram of the two main types of survival curve. Describe briefly
physical mechanisms that lead to these curves.

[7 marks]
1.7) Thefollowing equation is found in dielectric dispersion:
g=g, +os to
1+iwr
Define each term. Describe the context in which the equation is of value.
[7 marks]

1.8) Givereasons why a safety standard for exposure to microwave radiation should take into
account both power density and frequency.
[7 marks]

SEE NEXT PAGE



3 CP/MP25
Section B - Answer TWO questions from this section

2. A narrow, monochromatic, parallel beam of photons of intensity lp isincident on a
homogeneous slab of material of thickness x. Explain what is meant by the linear attenuation
coefficient p of the material. Obtain expressions in terms of u for the intensity of photons
which emerge from the slab and the half-value layer.

[10 marks]
A ®Counit gives an exposure rate of 90 R min™ at a distance of 1 m when unshielded. To
comply with safety regulations, the exposure rate at this distance when the source is shielded
should beless than 2 mR h™. What thickness of lead is needed to achieve this, given that the
linear attenuation coefficient for lead is 66 m™? Determine also the half-value layer.

[5 marks]

Compare and contrast the mechanisms involved in the attenuation of photons by the
photoel ectric effect, Compton scattering and pair production. By considering the passage of
photons through water, explain how the attenuation processes vary with the energy of the
incident photons and how they are combined to determine the overall attenuation.

[15 marks]

3. Neglecting relativistic effects, the energy lost by an a-particle in asingle interaction with
an electron is normally taken to be AE = b_k2 where k is a constant and b is the impact

parameter. State the meaning of b, and show that the linear energy transfer is given by

d—E 0z Inbm—ax ,
dx b
where Z is the atomic number of the atoms in the absorbing material.
[15 marks]
Discuss how values may be assigned to by, and by
[15 marks]

4. Describe the operation of a simple ionisation chamber and show that the saturation current
gives ameasure of the rate of energy absorption.
[10 marks]

How can the ionisation chamber be used to count charged particles? What is its disadvantage
when used for this purpose? How is this disadvantage overcome in the proportional counter?
Explain how the proportional counter can be used to differentiate between different types of
ionising radiation.

[8 marks]
Describe how a Geiger counter works and discuss mechanisms used to improve its temporal
resolution.

[8 marks]
Describe the action of one type of passive detector based on the ionisation of a gas.

[4 marks]

SEE NEXT PAGE
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5. The complex permittivity € of an agueous solution of polar moleculesis measured as a
function of frequency. Sketch the forms of the real and imaginary parts of € as functions of
frequency, and indicate the frequency range if the solute molecule is asmall protein. Use the
Debye model to explain the observed dispersion curve.

[6 marks]
It has been suggested that, for a spherical molecule, the relaxation time t can be related to
molecular parameters by the equation

KT
Define the symbols used and briefly explain the physical significance of this equation.
[4 marks]

Explain how dielectric dispersion curves may provide useful information concerning possible
hazards of exposure to non-ionising radiation. Why may water be particularly significant
when considering such hazards?

[10 marks]|
The polar molecule myoglobin in agqueous solution has aradius of 2.1 x 10”° m. Given that
the viscosity of water is 10> Pas, calculate the expected relaxation time of a dilute solution of
myoglobin at 20°C.

[10 marks]
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