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1.1)

1.2)

1.3)

1.4)

1.5)

CPMP25

Electronic charge = 1.602° 10 C
Planck congtant = 6.626° 10*Js
Speed of light in avacuum = 2998" 10°ms!
Rest mass of the ectron = 0.109" 10 kg

1.673" 10% kg
6.645° 10%" kg
1.661° 10% kg

Mass of the proton
Mass of an a-particle
Atomic mass unit

3338°°7°

SECTION A - Answer SIX partsof this section

A cdibration lamp has a sharp emisson line a 546.07 nm in ar. Cdculae (to 5 sgnificant
figures) the energy of thisline in eV and the frequency in Hz. You may take the refractive
index of air to be 1.00028.

[7 marks]

A diatomic molecule has atoms with masses m; and m,. The average separation between
the atomsisr. Show that the moment of inertia about the centre of massis

| = mm,r
m+m,
[7 marks]

The wavelengths of the copper K, and copper K, X-rays are 0.1542 nm and 0.1392 nm,
respectively. Stating any assumptions thet you make, use this information to estimate the
wavelength of the copper L, line

[7 marks]

Describe what is meant by a population inversion, and explain why thisis necessary for the
operation of a laser. Explain briefly, with the ad of a sketch, how population inverson is
achieved in athree-leve system.

[7 marks]

Describe photodynamic therapy and outline briefly the principles involved.
[7 marks]
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A gamma ray, with energy hn, scattered through an angle q by an eectron, gives that
electron an energy

nea(l-_cosq) E whee a ="
& +a(l- cosq) m.c

e

E=nh

5 -

Show that the maximum energy that can be transferred to the eectron is

2hn
(mc?/hn)+2

Cdculate this energy for hn = 1.33 MeV.
[7 marks]

A non-reatividic particle with mass m; and kinetic energy Q,, collides with a Sationary
particle having mass m,. It trandfers to that particle an energy

Q=4 L

(m, +m,)? Q-

Show that, for an a -particle colliding with a stationary electron,

5 2QaM,

m

a

Qe

Hence caculate the minimum number of callisons a 4-MeV a-particle must make with
electronsin order to reduceits energy to 1.5 MeV. State any assumptions involved.
[7 marks]

Explan the terms exposure, absorbed dose and dose equivalent used in radiation

dosmetry, giving the unitsin each case.
[7 marks]
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SECTION B - Answer TWO gquestions

For adiatomic molecule, treated as avibrating rotator, the energy levels are given by

2
£, :Nﬂ,z)hJE , JQ+0n?
' m 2l

where k isthe * spring congtant”, mis the reduced mass of the molecule and |, the moment of
inertia, isgiven by | = nr? where r is the separation between the atoms. The vibration is
assumed to be smple harmonic.

Define the terms'V and J, and state the salection rules for these parameters.
[2 marks]

[llugtrate the firgt few alowed trangtions on an energy level diagram. How are energies in
Joules converted to the spectroscopic units of cni*?
[7 marks]

Sketch the absorption band for a typica diatomic molecule, and identify the P and R
branches. (A derivation of the rdative intendties of the trangtionsis not required.)
[5 marks]

Show that, near the centre of the band, the spacing of the rotationa lines in the spectrum is

2

2B, where B = h— )
2l
[4 marks]

Chlorine has two stable isotopes, *Cl and *'Cl. The centre of the fundamenta vibration-
rotation absorption band for hydrogen chloride H**Cl (i.e. incorporating the light isotope of
Cl) is measured as 2885.5 cnit. Assuming that HCI behaves as a harmonic oscillator, show
that, for H*Cl the centre of the band will be shifted approximately 2.17 cni® to lower
energy.

[7 marks]

The bond length for HCI is 0.1274 nm. Use this information to caculate the average
separation (in cni'?) of the first few pesksin the P or R branch of the absorption spectrum
for H*Cl.

[5 marks]
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Discuss the three main processes by which gamma rays lose energy on passing through an
absorbing medium.
[11 marks]

For each case, sketch a curve showing how the probability of the process varies with the
energy of the gammaray.
[9 marks]

Describe, in  addition, the processes which produce (i) Auger eectrons and
(i) gammarays with an energy of 0.511 MeV.
[6 marks]

What thickness of concrete is needed to reduce the number of 500-keV gammaraysin a
well-collimated beam to 1 % of the incident number? For concrete the dengity (r) is2.35°
10% kg ni® and the mass atenuation coefficient (mr ), for photons of energy 500 keV, is
0.0089 n? kg ™.

[4 marks]

Draw a diagram illustrating the important components in a He/Ne laser, and explain the
function of each.
[9 marks]

Sketch an energy leve diagram which indicates the important trangtions leading to laser
emisson a 632.8 nm.
[4 marks]

Explain, with sketches, what is meant by the TEMy, TEMy, and TEM,, modes and
indicate why the TEM oo mode is preferred for many applications.
[5 marks]

Explain what is meant by the gain bandwidth of the laser. A certain He/Ne laser has
mirrors separated by 40 cm. The full width at haf maximum of the gain-bandwidth curveis 2
” 103 nm. Cdculate the number of longitudina modes in this waveength interval. Calculate
aso, in MHz, the frequency spacing of the modes.

[10 marks]

In medica gpplications the He/Ne laser might be used in conjunction with Nd-YAG or CO;

lasers. Explain why.
[2 marks]
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Explan what ismeant by asurvival curvein the field of radiation thergpy. Data for certain
groups of cels irradiated with neutrons follow the single-hit survival curve, and with X-
rays follow the multi-target single-hit survival curve Sketch the forms of these surviva
curves and derive expressons for the surviving fraction as a function of dose in each case.
[12 marks]

Show that, for large doses, the number of cdls N surviving after adose D of X-raysis N =
No n exp (-D/Dy), where Ng is the initid number of cdls Explan the physcd
sgnificances of the parametersn and Do.

[4 marks]

Y ou may assume that, after irradiation, cdll surviva follows the Poisson distribution

a"e®

m!
Define the terms in this expresson, and show how it is Smplified in the case of no cdls
unviving.

P =

m

[4 marks]

A large number of batches of cell cultures were irradiated with X-rays and it was found that,
on average, afraction of 102 survived after adose of 16.01 Gy and afraction 10°° survived
after a dose of 25.22 Gy. The overdl behaviour could be described using the multi-target
single-hit surviva curve.

The same energy X-rays were used to irradiate a tumour comprising 10° Smilar cdls

Caculate the probability of destroying this tumour after a dose of 48 Gy.
[10 marks]
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